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INTRODUCTION 
Eating behavior is an important requirement for 
individuals to maintain their survival. This requirement 
is a complex process in which not only physiological 
factors but also psychological factors play an 
important role (1). In general, eating behavior 
problems are defined as binge eating, undereating 
and compensatory behaviors (2). Emotional eating 
triggered by emotional stimulation constitutes an 

important dimension of binge eating behavior and 
may urge an individual to overeat (1). Emotional 
eating is an eating problem that refers to the tendency 
to overeat, which occurs in response to stress and 
negative emotions (3). Emotional eaters use their 
eating behavior as a coping method to get rid of 
negative emotions or stress, which as a result, turns 
into a problematic behavior (1,4). Another binge 
eating behavior is uncontrolled eating. Uncontrolled 

ABSTRACT 
Purpose: In this study, it was aimed to investigate female nursing students’ emotional eating, uncontrolled 
eating and mindful eating behaviors, perceived stress levels and the relationship between these variables. 
Material and Methods: The sample of the study consisted of 106 3rd and 4th grade female nursing 
students aged 20-28 years studying in a nursing faculty in the 2020-2021 academic year. Data were 
collected using Three-Factor Eating Questionnaire (TFEQ), Mindful Eating Questionnaire (MEQ), and 
Perceived Stress Scale (PSS). 
Results: While the mean score the participants who did not eat regularly obtained from the uncontrolled 
eating subscale was significantly higher, the mean scores the participants who were on a diet obtained 
from the MEQ, and cognitive restriction, emotional eating subscales and their mean BMI values were 
significantly higher (p<.05). It was determined that while the change in the participants’ BMI could explain 
their emotional eating behaviors (B = 1.35, p <.05), the change in their mindful eating could explain both 
their emotional eating and uncontrolled eating (p <.05). 
Conclusion: In this study, it was determined that during the online education period, the participants 
suffered eating behaviors-related problems, that they did not develop mindful eating behaviors, and that 
there was a relationship between their eating behavior-related problems. 

Keywords: Emotional eating, female nursing students, mindful eating, uncontrolled eating,perceived 
stress 
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eating is defined as a tendency to lose control over 
food consumption when a person feels hungry, and 
he or she is exposed to an external stimulus (5). In 
several studies, eating problems have been reported 
to increase weight gain, and to cause problems such 
as low self-esteem, lack of emotion management and 
eating disorders (3). In addition, eating problems can 
be a potential factor of obesity (6). One of the 
appropriate eating behaviors that prevent these 
problems from occurring is an individual’s developing 
mindful eating behavior (7). Mindful eating is defined 
as an eating behavior through which a person 
internalizes the symptoms of physical hunger and 
satiety and becomes aware of his or her feelings and 
thoughts by focusing on the food to be consumed at 
that moment without judging the environmental 
factors and food choices (8,9). In the literature, it is 
reported that individuals with a high level of mindful 
eating behavior have emotional eating behaviors less 
and experience less stress (10). 
Among the groups suffering from eating problems 
frequently are children, adolescents, women, and 
obese individuals (11-13). Eating problems are 
common not only in obese people, but, in particular, 
also in normal weight young women (14). Therefore, 
it is very important for young women to maintain 
appropriate eating behaviors to protect their health 
(15). The review of the literature has revealed that 
nursing students who are in one of these risk groups 
including young women suffer from eating problems 
(16). In several studies, it has been determined that 
students’ eating habits worsen as their stress level 
increases (17-20). Students' emotional and 
uncontrolled eating behaviors are also affected by 
their perception of stress. In addition, in studies, 
presence of a relationship between these students’ 
emotional eating behaviors and their perceived stress 
levels is reported (14,21). Therefore, high levels of 
perceived stress adversely affect students’ eating 
behaviors (22,23). Especially female nursing 
students are exposed to stress at high levels during 
their education, a transition period of their lives (21). 
Nursing students may face academic, clinical and 
psychosocial stressors from the first moments of their 
education life (20). Especially during the online 
education period, life changes such as fear of illness,  
health anxiety, social isolation, online education, and 
disruption of nursing education processes are also 
among the factors leading to stress (23,24). 
Female nursing students’ being in the educational 
process and in a transition period due to the Covid-19 

Pandemic causes them to perceive stress at a higher 
level, which may cause female nursing students to 
have eating behaviors-related problems (23-25). In 
the literature, the relationship between nursing 
students’ emotional eating, uncontrolled eating and 
mindful eating behaviors, and their perceived stress 
levels has not been fully illuminated and the number 
of studies investigating this issue from the aspect of 
women is very few. In addition, determining the 
emotional eating and uncontrolled eating behaviors of 
students in a stressful period such as the Covid-19 
Pandemic and the variables that affect this eating 
behavior will contribute to the content of the 
interventions that can affect the impaired eating 
behaviors (25,26). Therefore, this study was 
conducted to investigate female nursing students' 
emotional eating, uncontrolled eating and mindful 
eating behaviors, perceived stress levels during the 
online education period and the relationship between 
these variables.  
Study questions are listed below: 
• What are the emotional eating, uncontrolled eating 

and mindful eating behaviors of female nursing 
students like? 

• What are the variables that affect female nursing 
students' emotional eating, uncontrolled eating 
and mindful eating behaviors and perceived 
stress? 

• Is there a relationship between emotional eating, 
uncontrolled eating and mindful eating behaviors 
and perceived stress levels of female nursing 
students? 

• What are the predictive variables for female 
nursing students’ emotional eating, uncontrolled 
eating and mindful eating behaviors? 

 
MATERIAL AND METHODS 
Research Design: This descriptive and cross-
sectional study was conducted with 3rd and 4th year 
female nursing students studying at a Faculty of 
Nursing between May 2020 and December 2020. In 
the spring semester, it is aimed to give one-third of 
the education online and the rest in clinics.  
 
Participants and Sample: The study population 
included 334 3rd and 4th grade female nursing 
students studying in the Faculty of Nursing in the 
2020-2021 Education and Training year. In this study, 
3rd and 4th grade students were purposively 
selected. In the education program of the faculty 
where the study was conducted, there is a Nutrition 
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course in the 2nd semester of the 2nd grade. In order 
to ensure that students have similar knowledge about 
eating and nutrition, it was planned that students who 
had taken the basic nutrition course would constitute 
the sample. The inclusion criteria of this study were, 
"3rd and 4th year female students of the nursing 
faculty", 18-28 years of age" and "taking the Nutrition 
course in the second year". The students were in the 
age group of 20-28 years. Of these 334 nursing 
students, 106 who volunteered to participate in the 
study comprised the sample of the study. In the Post-
hoc Power Analysis performed after the volunteer 
students included in the sample, the effect size and 
the power of the study were determined as 0.3 and 
94% respectively. 
 
Instruments: The Personal Data Form, Three-Factor 
Eating Questionnaire (TFEQ), Mindful Eating Scale 
(MEQ), and Perceived Stress Scale (PSS) were used 
as data collection tools. 
1. Personal Data Form: The Personal Data Form was 
developed by the researchers based on the pertinent 
literature (14) in order to obtain information about the 
sociodemographic, and health- and diet-related 
characteristics of the participants. The form includes 
items questioning variables such as the participating 
nurses’ age, body mass index (BMI), eating regularly, 
doing physical activities regularly and previous dieting 
status, and the number of meals they have. 
2. Three Factor Eating Questionnaire (TFEQ): The 
Three-Factor Eating Questionnaire (TFEQ) was first 
developed by Stunkard and Messick in 1985 to 
measure the behavioral and cognitive components of 
eating. In 2016, Karakuş et al. studied the 
psychometric properties of the 21-item TFEQ 
adapted it into Turkish (5). The items of the TFEQ are 
rated on a 4-point Likert-type scale feature. The 
TFEQ measures eating behavior with three sub-
dimensions: cognitive restriction (CR), uncontrolled 
eating (UE) and emotional eating (EE). In Karakuş et 
al.’s study, the Cronbach’s α coefficient values of the 
subscales were as follows: .80 for the cognitive 
restriction (CR), .87 for the emotional eating (EE), 
and.78 for the uncontrolled eating (UE) (5). In this 
study, the Cronbach’s α coefficient values of the 
subscales were as follows: .89 for the CR, .93 for the 
EE, and .86 for the UE. 
3. Mindful Eating Questionnaire (MEQ): The Mindful 
Eating Questionnaire (MEQ) was first developed by 
Framson et al. in 2009 to measure mindful eating. In 
2016, Köse et al. studied the psychometric properties 

of the MEQ adapted it into Turkish (8). The MEQ 
includes 7 sub-dimensions and 30 items whose 
responses are rated on a 5-point Likert type scale. Of 
the 30 items, 20 are reverse scored. The arithmetic 
mean of the scores obtained from the overall MEQ 
and its subscales is used for the assessment. The 
scale also gives a total mindful eating score. The 
Cronbach’s α coefficient value of the scale was .78 in 
Köse et al.’s study (8) and .67 in the present study.   
4. Perceived Stress Scale (PSS): Perceived Stress 
Scale (PSS-14) was developed by Cohen, Kamarck 
and Mermelstein (1983) to measure how stressful an 
individual perceives situations in his or her life. The 
validity and reliability study of the Turkish version of 
the PSS was conducted by Eskin et al. (27). The scale 
consists of 14 items whose responses are rated on a 
5-point Likert-type scale. Of the 14 items, seven are 
reverse scored. While 10 of the items are in the 
Perceived Helplessness subscale (PSS-10), 4 of the 
items are in the Perceived Self-Efficacy subscale 
(PSS-4). The higher the score the person obtains 
from the scale is, the higher his or her perception of 
stress is. The Cronbach’s α coefficient value of the 
scale was .84 in Eskin et al.’s study (27) and .88 in 
the present study.  
 
Procedure: The data collection tools were 
transferred to the Google Survey forms and the data 
was collected by sending the forms to the 
participants’ e-mail addresses with “.edu” domain. 
The forms were sent to the students through their e-
mail addresses twice with announcements and three 
times with reminders. Of the participants, 107 filled in 
the data collection tool on the dates when the data of 
the study were collected, and of the forms, 106 which 
were completely filled out were evaluated. The 
average time for the participants to answer the tools 
administered in the study was 9.56 minutes. 
 
Analysis: The mean scores obtained from the TFEQ 
and MEQ and their subscales were the dependent 
variables of the study whereas the participants’ 
characteristics were the independent variables of the 
study. The SPSS 22.0 was used to analyze the data. 
The descriptive findings were calculated over the 
number, percentage and mean. Before calculating 
the data of the study, the Shapiro Wilk test was 
applied; data showed normal distribution. To perform 
the analysis of the scores obtained from the 
Emotional Eating, Uncontrolled Eating, and Mindful 
Eating subscales, the multiple regression analysis 

229 



J Basic Clin Health Sci 2024; 8: 227-235                             Tuncer GZ et al. Eating Behaviors in Female Nursing Students 

  

was used. Pearson Correlation analysis was used to 
examine the relationship between the variables such 
as BMI and age, and the mean scores obtained from 
the TFEQ and its sub-dimensions, from the MEQ and 
its sub-dimensions and from the PSS and its sub-
dimensions. Independent-group t-test analyzes were 
used to calculate the differences between variables 
the TFEQ and its sub-dimensions, the MEQ and its 
sub-dimensions, and the PSS and its sub-
dimensions. 
 
Ethical considerations: In order to conduct the 
study, an institutional permission was obtained from 
the Faculty of Nursing of a university (decision 
number: 153, date: May 27, 2020) and the ethics 
committee approval was obtained from the relevant 
university's Non-interventional Clinical Research 
Ethics Committee (date: August 04, 2020, decision 
number: 2020 / 17-33, 5552-GOA). To administer the 
TFEQ, MEQ and PSS, permission was obtained from 
the authors who performed the validity and reliability 
studies of the scales. In addition, from the 
participants, informed consent indicating that they 
volunteered to participate in the study was obtained. 
 
RESULTS 
In Table 1, mean values related to the female nursing 
students’ age and BMI, and the number of meals they 
have daily are given. The analysis of the 

sociodemographic characteristics of the participants 
indicated that their mean age and BMI value were 
21.45 and 21.75 respectively, that the average 
number of meals they had daily was 2.86, that 74.5% 
of them did physical activities, that 69.8% of them did 
not eat regularly and skipped meals and that 57.5% 
went on a diet at least once. In Table 2, the mean 
scores the participants obtained from the TFEQ, MEQ 
and PSS are given. The mean scores the participants 
obtained from the cognitive restriction, emotional 
eating and uncontrolled eating sub-dimensions of the 
TFEQ were 48.58 ± 23.57, 39.57 ± 28.50 and 41.12 
± 19.64 respectively. The mean score the participants 
obtained from the MEQ was 2.86 ± .33. The mean 
scores the participants obtained from the overall PSS, 
and its PSS-4 and PSS-10 sub-dimensions were 
47.06 ± 3.67, 12.85 ± 1.29 and 33.15 ± 2.94 
respectively. 
In Table 3, the comparison of the mean TFEQ, MEQ, 
PSS scores with BMI values in terms of the female 
nursing students’ regular eating behavior and 
physical activity levels are given. The mean score 
obtained from the uncontrolled eating behavior 
subscale by the participants who did not eat regularly 
was significantly higher than was that obtained by the 
participants who ate regularly (t = -4.172, p <.05). The 
mean scores obtained from the mindful eating, 
cognitive restriction and emotional eating 

Table 1. Sociodemographic Characteristics of Female Nursing Students (n=106) 
  n % X̄ ± SD Min-Max 

Age     21.45 ± 1.36 20 - 28 
BMI    21.75 ± 3.51 15.57 - 38.75 
The number of meals they have daily     2.86 ± .82 2 - 6 
Doing physical activities  No  

Yes  
27 
79 

25.5 
74.5 

  

Eating regularly  No  
Yes 

74 
32 

69.8 
30.2 

  

Dieting  No  
Yes 

45 
61 

42.5 
57.5 

  

Total  106 100   
 
Table 2. The Mean Scores the Female Nursing Students Obtained from the TFEQ, MEQ and PSS (n=106) 

Variables  Sub-dimensions X̄ ± SD Min-Max 
TFEQ* Cognitive restriction 48.58 ± 23.57 0-100 

Emotional eating 39.57 ± 28.50 0-100 
Uncontrolled eating 41.12 ± 19.64 0-92 

MEQ** Total score 2.86 ± .33 2.13-3.70 
PSS*** Total score 47.06 ± 3.67 37-55 
 PSS-4 12.85 ± 1.29 9-15 

PSS-10 33.15 ± 2.94 26-39 
*TFEQ = Three-Factor Eating Questionnaire ** MEQ = Mindful Eating Questionnaire *** PSS =Perceived Stress Scale 
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subscales by the participants who dieted and their 
BMI values were significantly higher than were those 
of the participants who did not diet (t = -3.878, p <.05; 
t = -6.025, p <.05; t = -3.001, p <.05; t = -5.338, p 
<.05). 
As is seen in Table 4, there was a low, positive, 
significant correlation between the mean score for the 
overall MEQ and that for the cognitive restriction 
subscale of the TFEQ (r = .35, p <.001), a moderate, 
positive, significant correlation between the mean 
score for the overall MEQ and that for the emotional 
eating subscale of the TFEQ (r = .64, p <.001), a 
moderate, positive, significant correlation between 
the mean score for the overall MEQ and that for the 
uncontrolled eating of the TFEQ (r = .58, p <.001), 
and a low, positive, significant correlation between 
the mean score for the overall MEQ and BMI (r = .30, 
p <.05). 
In Table 5, how independent variables explained the 
female nursing students’ emotional eating, 
uncontrolled eating and mindful eating behaviors was 
investigated through the multiple regression analysis. 
It was found that the change in the participants’ 
mindful eating behaviors and BMI values could 

explain emotional eating behavior (B = 1.35, p <.05; 
B = 47.75, p <.05), that change in their mindful eating 
behaviors could explain their uncontrolled eating 
behaviors (B = 29.43, p <.05), and that the change in 
their cognitive restriction, emotional eating and 
uncontrolled eating behaviors could explain their 
mindful eating behaviors (p <.05). 
 
DISCUSSION 
In the present study, female nursing students’ eating 
behaviors and their perceived stress levels, and the 
relationship between them were examined. The mean 
value of BMI of the participating students, whose 
mean age was 21.75, years was 21.45 and the mean 
number of the meals they had daily was 2.86. In 
addition, the majority of the participants did physical 
activities, more than half of them did not eat regularly 
and skipped meals and more than half of them went 
on a diet at least once in lifetime (Table 1). In 
Costarelli and Patsai's study, the mean BMI values of 
female nursing students in the age group of 18-25 
years was 21.38 (28). Similarly, in Salma et al.’s 
study, the mean BMI values of 67% of female nursing 
students aged between 22 and 24 years was normal 

Table 3. Comparison of TFEQ, MEQ, PSS Scores with BMI in Terms of the Female Nursing Students’ Regular Eating 
Behavior and Physical Activity Levels (n=106) 

   MEQ Total TFEQ 
cognitive 
restriction 

TFEQ 
emotional 

eating  

TFEQ 
uncontrolled 

eating 

PSS BMI 

   t          p t          p t          p t          p t          p t          p 
Doing 
physical 
activities  

No  
Yes  

27 
79 

-.082    .93 -1.432   .15 .160    .87 .008    .99 -.168   .86 .735    .46 

Eating 
regularly 

No  
Yes 

74 
32 

-1.888   .06 -.191    .84 -1.792  .07 -4.172*  .00 -1.042 .30 .329    .74 

Dieting  No  
Yes 

61 
45 

-3.878*  .00 -6.025* .00 -3.001* .00 -1.213    .22 .055    .95 -5.338* .00 

*p < 0.05 **Independent-group t-test analyzes 
 
Table 4. Distribution of the Relationship between the Mean Scores obtained from the TFEQ, MEQ and PSS by the 
Female Nursing Students (n=106) 
  MEQ Total TFEQ  

cognitive restriction 
TFEQ emotional 

eating 
TFEQ uncontrolled 

eating 
PSS 

MEQ Total r**  1     
p       

TFEQ cognitive 
restriction 

 r  .352* 1    
 p  .000     

TFEQ emotional 
eating 

r  .642* .250* 1   
p  .000 .010    

TFEQ uncontrolled 
eating 

r  .583* .220* .713* 1  
p  .000 .024 .000   

PSS r  .126 .154 .003 .075 1 
p  .199 .116 .975 .446  

BMI r  .300* .227* .353* .307* .088 
p  .002 .020 .000 .001 .369 

* p < 0.05 **Pearson correlation analyzes 
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(19). In a study conducted during the Covid-19 
Pandemic, the number of meals nursing students had 
daily was insufficient (21). In Constant et al.’s study, 
68% of the female university students did physical 
activities moderately (29). In another study, 72% of 
the female nursing students did not eat regularly (19). 
In a study conducted during the Covid-19 Pandemic, 
regular dietary habits of young adults worsened (30). 
The results of the present study and those of the 
studies in the literature demonstrate that female 
nursing students’ diet and regular eating behaviors 
were impaired during the online education period. 
In the present study, the scores the participants 
obtained from the sub-dimensions of the TFEQ 
suggest that they had eating behavior-related 
problems (Table 2). In a similar study, the mean 
scores the young adult students obtained from the 
cognitive restriction, emotional eating and 
uncontrolled eating subscales of the TFEQ were 39.3, 
37.3 and 40.9 respectively (31). In the present study, 
the mean score the participants obtained from the 
mindful eating questionnaire was low. In a study 
conducted in Australia, the mean score the 
participating students obtained from the overall MEQ 
was 2.92 (7). In the present study, the mean score the 
participants obtained from the Perceived Stress Scale 
(PSS) was quite high. In another study, 63% of the 
participating nursing students’ perceived stress levels 
were high (32). In Kalkan Uğurlu et al.’s study 
conducted with female nursing students during the 
Covid-19 Pandemic, the participating students' stress 
levels were high (24). These results suggest that 
female nursing students perceive high levels of stress 
and that their eating behaviors are impaired 
especially during stressful periods such as the Covid-
19 Pandemic and the learning process. 
In the present study, of the participants, those who did 
not eat regularly obtained significantly higher mean 
scores from the uncontrolled eating subscale than did 
those who ate regularly. In addition, of the 
participants, those who were on a diet obtained 
significantly higher mean scores from the emotional 
eating subscale than did those who did not diet (Table 
3). Our search for studies in which the correlation 
between uncontrolled eating behavior and regular 
eating habits during the COVID-19 Pandemic was 
investigated revealed a gap in the literature. 
However, in a study conducted during the COVID-19 
Pandemic, the correlation between the dietary 
compliance behaviors and uncontrolled eating scores 
of young individuals was investigated. In that study, 

the participants’ intra-pandemic uncontrolled eating 
and emotional eating subscale scores were higher 
than were their pre-pandemic scores, and their intra-
pandemic dietary compliance behaviors were worse 
than their pre-pandemic dietary compliance 
behaviors (30). In another study, college students 
with high sweet craving obtained high scores from the 
uncontrolled eating and emotional eating subscales 
(31). These results indicate that there may be an 
association between the disruption in eating patterns 
and uncontrolled eating behavior in young individuals. 
In the present study, the mean cognitive restriction 
subscale scores and BMI values of the participants 
who were on a diet were significantly higher than 
were those of the participants who were not on a diet. 
In a similar study, BMI levels of female nursing 
students who were not on a diet were normal (19). 
These results indicate that an increase in female 
nursing students’ BMI values causes them to display 
restricted eating and dieting behaviors more.  
In the present study, a positive and significant 
relationship was determined between the 
participants’ total MEQ scores and their BMI values 
and the mean scores they obtained from the 
Cognitive Restriction, Emotional Eating and 
Uncontrolled Eating subscales of the TFEQ (Table 4). 
In another study, no significant relationship was 
determined between university students' TFEQ 
scores and their BMI levels and mindful eating 
behaviors, thought to stem from the fact that the 
sample included both male and female students (33). 
In the study, no relationship was found between 
perceived stress level and eating behaviors. It is 
thought that this may be due to the difference in 
coping strategies with perceived stress. It is thought 
that the difference in coping strategies may affect the 
emergence of eating behaviors. In the present study, 
the change in BMI values and mindful eating 
behaviors of the participating female nursing students 
could predict their emotional eating behaviors (Table 
5). Our search for studies in which variables that 
predict the emotional eating behavior of nursing 
students were studied revealed a gap in the literature. 
However, in a study conducted with obese women, a 
decrease in the mindful eating behavior explained 
their emotional eating behavior (13). In the present 
study, it was concluded that a decrease in the mindful 
eating behavior increased the BMI level, which can 
predict emotional eating behavior. In the present 
study, the change in the participants’ mindful eating 
behaviors predicted their uncontrolled eating 
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behaviors. Similarly, in a study, the change in the 
mindful eating behaviors and BMI levels of university 
students explained their uncontrolled eating 
behaviors (34). In the present study, the change in the 
participants’ cognitive restriction, emotional eating 
and uncontrolled eating behaviors explained their 
mindful eating behaviors. In the literature, there is a 
gap related to studies in which variables predicting 
nursing students' mindful eating behaviors were 
investigated. Unlike the present study, in a study 
conducted with university students, their cognitive 
restriction, emotional eating and uncontrolled eating 
behaviors did not predict their mindful eating 
behaviors (13). However, in another study, emotional 
eating and cognitive restriction behaviors of obese 
women predicted their mindful eating behaviors (33). 
These results indicate that the results of studies 
conducted to find out whether the increase in 
women’s mindful eating behaviors would explain their 
emotional eating behaviors varied from one study to 
another. In addition, in the literature, the number of 
studies in which whether the change in female 
nursing students’ mindful eating behaviors would 

predict their emotional eating behaviors was 
investigated is few. 
Limitations: One of the limitations of the present 
study is that it was conducted only with female 
nursing students studying at a nursing faculty of a 
university. Therefore, the results obtained from this 
study are applicable only to the female nursing 
students surveyed during the Covid-19 Pandemic and 
they cannot be generalized to all female nursing 
students. Another limitation of the present study is 
that the data were collected by e-mails. Therefore, 
some of the students may not have received or 
accessed the e-mail sent to them. Another limitation 
of this study is that the faculty where the study was 
conducted had a nutrition course in the fall semester 
of the 2nd grade, which caused the sample of the 
study to consist of only 3rd and 4th grade students. 
This situation caused that the eating behaviors of all 
nursing students could not be measured. 
 
CONCLUSION 
In the present study, it was determined that the 
female nursing students suffered eating behaviors-

Table 5. Results of the Multiple Regression Analysis of the Variables that Predict Emotional Eating, Uncontrolled 
Eating and Mindful Eating Behaviors of the Female Nursing Students (n = 106) 

 
 

 
TFEQ 
Emotional 
Eating 

 t p B (%95 Confidence 
Interval)** 

ANOVA(F) Model(p) R² 

Age .06 .51 1.03(-2.13-4.20)  
 

17.512 

 
 

.00* 

 
 

.44 BMI 2.13* .03 1.35(.09-2.61) 
The number of 
meals 

1.78 .07 4.71 (.53-9.95) 

MEQ total 7.00* .00 47.75 (34.23-
61.27) 

PSS total -1.11 .26 -.64 (1.80-.50) 
 
TFEQ 
Uncontrolled 
Eating 

Age 1.10 .27 1.30(-1.04-3.66)  
 

12.410 

 
 

.00* 

 
 

.352 
BMI 1.45 .15 .68(-.25-1.61) 
The number of 
meals 

1.63 .10 3.20 (-.69-7.09) 

MEQ total 5.82* .00 29.43(19.40-39.45) 
PSS total -.09 .92 -.04(-.89-.81) 

 
 
 
Mindful 
Eating 

Age .15 .87 .003(-.01-.01)  
 
 
     13.425 

 
 
 
.00* 

 
 

 
.453 

BMI .39 .69 .003(-.03-.04) 
The number of 
meals 

.83 .40 .02 (-.03-.08) 

PSS total 1.06 .29 .007(-.00-.02) 
TFEQ 
Cognitive 
Restriction 

2.27* .02 .003(.000-.005) 

Emotional 
Eating 

3.82* .00 .005(.002-.005) 

Uncontrolled 
Eating 

2.04* .04 .004(.002-.007) 

*p < .05 **The multiple regression analyzes 
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related problems during the online education period, 
that they displayed poor mindful eating behaviors, 
and that there was a relationship between their eating 
behavior-related problems and unconscious eating 
behaviors. The increase in the time spent by the 
participants at home due to the Covid-19 pandemic 
caused them to have eating behavior-related 
problems, which reveals the importance of 
interventions aimed at establishing correct eating 
behaviors in the 3rd and 4th grade female nursing 
students who are the candidates of the nursing 
profession. Because it is uncertain when the 
pandemic process will end, it is recommended to 
implement online interventions aimed at improving 
female nursing students’ mindful eating behaviors 
and encouraging them to establish correct eating 
behaviors when they stay at home. In the present 
study, although no relationship was determined 
between the perceived stress level and eating 
behaviors, it was observed that the participants 
perceived high levels of stress during the online 
education process. Therefore, it is recommended to 
conduct online intervention studies aimed at enabling 
students to cope with stressors. It is also 
recommended that descriptive qualitative studies in 
which the stressors of female nursing students and 
the effects of these stressors on eating behaviors are 
investigated should be conducted. It is recommended 
to conduct a study in which eating behaviors, 
perceived stress and coping patterns are examined 
together.  
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INTRODUCTION 
Hematopoietic stem cell transplantation (HSCT) is the 
process of collecting stem cells from individuals or 

tissue-compatible individuals and transferring them to 
the recipient under appropriate conditions in order to 
restore the hematopoietic system.  Hematopoietic 

ABSTRACT 
Purpose: The risk of cytomegalovirus (CMV) reactivation following allogeneic hematopoietic stem cell 
transplantation (ASCT) reaches 30-50%, and there are numerous diagnostic tests to detect CMV 
replication. The most common tests used in this group of patients include 65kDa phosphoprotein (pp65) 
antigenemia immunofluorescence assay and nucleic-acid-based quantitative CMV-DNA polymerase chain 
reaction (qPCR). 
Material and Methods: In this study, patients who underwent ASCT and developed CMV positivity from 
2009 to 2016 in our hospital were evaluated retrospectively. The study included samples of the same 
patient with antigenemia and CMV-DNA qPCR test for up to 48 hours. The study aimed to determine the 
factors affecting CMV DNA antigenemia and compare CMV DNA PCR and pp65 antigenemia 
immunofluorescence assay. 
Results: The results of 138 specimens of 39 patients who underwent ASCT were evaluated. The mean 
value of CMV PCR, which was positive for both tests, was 57.887 copies/ml (70- 1.213.633 copies/ml) 
and a significant correlation was found between the two tests and the positive samples (p = 0.018). The 
ROC analysis showed that 322 copies/ml CMV viral load in plasma corresponds to ≥1 antigen-positive 
cells/200 thousand leukocytes (Sensitivity: 68.5%; Specificity: 31.5%). CMV infection was observed in 32 
samples; CMV DNA cut-off values of the reference according to CMV DNA PCR and antigenemia results, 
compared to the development of CMV infection, presented a significant correlation (p=0.004). 
Conclusion: Although there is a common agreement between antigenemia and CMV DNA PCR tests, 
one should keep in mind that the sensitivity of antigenemia test is low especially in the neutropenic period. 

Keywords: Allogeneic Hematopoietic Stem Cell Transplantation (ASCT), CMV Antigenemia (pp65), CMV 
DNA qPCR, CMV Infection 
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stem cell transplantation (HSCT) can be performed in 
various ways depending on the diagnosis and stage 
of the patient. It is mainly divided into two: allogeneic 
and autologous HSCT. Autologous stem cell 
transplantation (autologous SCT) is the infusion of 
healthy hematopoietic stem and progenitor cells 
taken from the patient's own cells into the patient. 
Allogeneic SCT, on the other hand, uses 
hematopoietic progenitor cells collected from a 
healthy person (not the patients themselves). There 
are several possible sources for the origin of these 
cells: 1-An identical twin (syngeneic, human 
leukocyte antigen [HLA] identical), 2-A sibling, 
relative, or unrelated donor (whose HLA may be 
identical, haploidentical, or incompatible), and finally 
3-Umbilical cord blood (may be the same as HLA, 
haploidentical or incompatible) (1). ASCT is the 
transfer of HLA tissue from the compatible donor to 
the recipient after the preparation of stem cells (2). 
CMV reactivation or primary infection after ASCT is 
observed in 15-80% of patients and CMV infections 
are the most important cause of viral disease 
morbidity and mortality in this patient group (3,4). 
CMV seropositivity or post-transplant CMV 
reactivation adversely affects the ASCT results. In the 
past, most of the CMV reactivations and cases of 
pneumonia were seen in the early post-transplant 
period, but this rate was significantly decreased with 
preemptive therapies following routine ganciclovir 
prophylaxis or viral reactivation. However, recent 
years have seen an increased rate of late CMV 
reactivation and diseases. Late CMV disease is 
observed in between 4% and 15% of the cases and 
usually after 4 to 12 months (4). If the recipient and 
donor are seronegative, CMV disease occurs in less 
than 3% after transplantation, whereas if both are 
seropositive, CMV disease occurs in up to 30% of 
cases (5). 
CMV pp65 antigenemia immunofluorescence test 
(CMV antigenemia), CMV DNA quantitative real-time 
PCR test (CMV DNA qPCR), cell culture, 
histopathology, and serological tests are used for 
detection of CMV infection. The two tests most 
commonly used in the diagnosis and follow-up of 
CMV infection are CMV antigenemia test and CMV-
DNA qPCR. The viral pp65 antigen is a structural late 
protein expressed in blood leukocytes at an early 
stage of the CMV replication cycle. Antigenemia is 
measured by the quantification of the positive 
leukocyte nucleus in an immunofluorescence assay 
for CMV matrix phosphoprotein pp65 in a cytospin 

preparation of 2x105 peripheral blood leukocytes. In 
neutropenic patients, false-negative results may 
occur; antigenemia test result depends on the 
presence of a sufficient number of 
polymorphonuclear leukocytes (6). For optimal 
results, samples should be studied within 6 hours (6). 
The other nucleic acid-based test is the detection of 
CMV DNA by PCR method, which quantitatively 
realizes the CMV DNA by the quantitative real-time 
PCR method in a more sensitive and quantitative 
manner (4). PCR generally targets a number of early 
and late antigen genes in large, well-conserved 
regions to detect CMV DNA. DNA can be removed 
from whole blood, leukocytes, plasma or any other 
tissue (tissue biopsy samples) or body fluids (urine, 
cerebrospinal fluid (CSF), bronchoalveolar lavage 
(BAL)) (7). Live cell presence is not required for 
measurement. In the presence of a mutation in the 
regions where the primers bind, false negative results 
may be obtained. The situation can be illuminated by 
using a primer suitable for another region in the virus 
genome. In such cases, CMV antigenemia is positive 
and CMV DNA PCR may be negative. Sequence 
analysis is the most accurate method to determine 
mutation (5). The sensitivity and specificity of the test 
were 55.4% and 95.5%, respectively, when the 
standard CMV DNA qPCR assay was used to detect 
antigenemia (8). PCR-based assays are more 
sensitive than antigenemia; however, high sensitivity 
leads to the detection of controversial low viral 
replications with clinical implications. Although the 
international CMV-DNA standard has been 
developed, differences between the qPCR tests 
employed make it difficult to achieve inter-laboratory 
standardization and also complicates decision 
making on clinically significant thresholds. In this 
study, the results of CMV antigenemia and plasma 
CMV-DNA qPCR in plasma leukocytes were 
compared in the patients who had ASCT at the 
Hematology Unit of Dokuz Eylul University Hospital. 
The correlation between the two methods was 
evaluated, and the viral load level corresponding to 
the antigenemia positivity was determined. 
 
MATERIAL AND METHODS 
This study included all patients with CMV pp65 
antigenemia positivity in the Stem Cell 
Transplantation Unit of Dokuz Eylul University 
Hospital between June 2009 and October 2016. All 
patients with hematological malignancies who had a 
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fully compatible relative donor and underwent ASCT 
were included in the study. Patients under 18 years 
of age, who had undergone autologous stem cell 
transplantation and without fully accessible medical 
data were excluded from the study.  We noted the 
results of the antigenemia test and CMV DNA PCR 
test of the same patient. The laboratory values of the 
patients with CMV positivity were determined by any 
test. This value was taken as >1 positive cell/200,000 
cells for pp65 antigenemia test and as >80 x 108 
copies/ml and above for CMV DNA PCR test. 
In total, 138 specimens of 39 patients with CMV 
positivity were retrospectively reviewed. 
Demographic characteristics, clinical status, 
diagnosis, laboratory values of transplantation, time 
of engraftment, amount of CD34 infused product, 
transplant preparation regimens, GVHD development 
status, CMV infection status, pp65 at the time of CMV 
infection and concurrent CMV DNA levels, CMV 
immunization, the immunosuppressive therapy of the 
donor, GM data of the recipient's CMV infection, BK 
virus status, white blood cell, neutrophil, lymphocyte 
and CRP values were evaluated retrospectively and 
all data were recorded in the SPSS Statistics V22.0  
program. The data about the patients were obtained 
by scanning the patient’s ID and patient numbers 
from the electronic medical record system (HEMCIS) 
of the hematology department. 
CINAKit Argene® (France) Rapid Antigenemia test 
was used as a method of detection of CMV 
Antigenemia, and the internal matrix phosphoprotein 
(protein kinase) of peripheral blood leukocytes from 

cytomegalovirus (CMV) was determined by indirect 
immunofluorescence method of 65-68 kD (pp65).  
Artus® CMV QS-RGQ KIT - QIAGEN (Germany) 
PCR method was used to determine the CMV DNA 
level. 
 
Statistical Analysis 
In our study, descriptive statistics were used to 
interpret the available data. The data were evaluated 
with the package program Statistical Package for the 
Social Sciences (SPSS) (version 22.0 SPSS Inc, 
Chicago, IL, USA). The variables yielded by counting 
were summarized by means of percentage 
distribution as well as mean and standard deviation. 
Pearson and Spearman correlation tests were used 
for dependent group analysis of the variables. ROC 
analysis was also performed to determine the viral 
load corresponding to CMV antigenemia positivity. 
The level of significance was set at p <0.05. 
 
Ethical considerations 
The study was approved by Dokuz Eylul University 
Faculty of Medicine Ethics Committee for Non-
Invasive Clinical Studies on 18/01/2018 with the 
decision number 2018/02-38. 
 
RESULTS 
In our study, 138 of the 39 patients with CMV 
antigenemia and concomitant CMV DNA qPCR 
positivity were evaluated retrospectively. The 
female/male ratio of cases was 1.05/1 and the 
median age was 38 years (range: 18-64). CMV 
infection developed in 23.2% of the patients and 
survival rate was 28.2% during follow up period. 
Of the 39 patients examined, 20 (51%) had acute 
myeloid leukemia (AML), 12 (30%) had acute 
lymphoid leukemia (ALL), 4 (10%) had 
myelodysplastic syndrome (MDS), 1 (3%) had 
biphenotypic leukemia, 1 (3%) had lymphoblastic 
lymphoma, 1 (3%) had non-Hodgkin's lymphoma 
(NHL). Evaluated according to the diagnostic CMV 
episodes, there were 50 episodes with AML (36.2%), 
45 episodes with ALL (32.6%), 21 episodes with MDS 
(15.2%), 9 episodes with biphenotypic leukemia 
(6.5%), 7 episodes with lymphoblastic lymphoma 
(5.1%) and 6 episodes with NHL (4.3%). 
The conditioning regimens of patients before AHSCT 
included Busulfan plus cyclophosphamide in 35 
patients (90%), Busulfan plus Fludarabin in 1 patient 
(2.5%), RIC (Reduced intensity conditioning, 
Fludarabin plus Melfalan) in 1 patient (2.5%), TBI plus 

 
Figure 1. ROC Curve for CMV pp65 antigenemia assay 
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ATG plus Fludarabin in 1 patient (2.5% ), in 1 patient 
(2.5%) TBI plus Etoposide, and preparatory regimens 
of the 138 CMV samples examined included 116 
samples (84.1%) of Busulfan plus 
Cyclophosphamide, 12 samples (8.8%) of Busulfan 
plus Fludarabine, 6 samples of (4.4%) RIC, 3 
samples of (2.2%) TBI plus ATG plus Fludarabin, and 
1 sample (0.8%) of TBI plus Etoposide was built. 
(While the first sentence expresses the preparation 
regimens through the patient, the second sentence 
describes the ratio of the preparation regimens 
through examples.). 
The average amount of CD34+ cells infused was 5.9 
x106/kg (2-12x106/kg) and the mean neutrophil 
engraftment period was 12 days (10-22 days), 
whereas the mean platelet engraftment period was 
15.7 days (10-30 days). CMV antigenemia positivity 
was more common in patients with early neutrophil 
engraftment (p=0.028).  
When CMV Ig M and Ig G status of the patients at the 
time of transplantation were examined, CMV Ig G was 
found to be positive in 68% and negative in 23%, 
whereas the CMV status could not be reached in 9% 
of cases. The donor CMV status was Ig G negative in 
17% and Ig G positive in 83%. Patient and donor CMV 
conditions during transplantation are presented in 
Table 1. 
All patients received prophylaxis for the treatment of 
viral infections, including prophylaxis for the treatment 
of bacterial, fungal and pneumocystis carini 
infections. CMV infection was detected in 23.2% (n: 
32) of all CMV positive samples. Of the 7 patients with 

clinically diagnosed CMV infection, 6 had 
gastrointestinal tract (GIS) involvement and 1 had 
CMV pneumonia. All the patients were treated with 
antiviral treatment with IV ganciclovir and three 
patients were treated with oral valganciclovir. Seven 
patients had undergone preemptive antiviral 
treatment due to CMV infection. Cidofovir treatment 
was started for 1 patient because of resistance to 
ganciclovir. 
While acute graft versus host disease (GVHD) cases 
were detected in 42.8 % of the patients with CMV 
infection, skin GVHD, skin and lung GVHD were 
found in 19.5%, skin and lung GVHD were present in 
10.2%, skin and hepatic GVHD were present in 7.2%, 
and in 20.3% of patients with CMV infection there was 
no GVHD. As immunosuppressive treatment, 54.4% 
of the patients received prednisolone and 
cyclosporine, 19.2% received cyclosporine, 10.3% 
received prednisolone, 9.5% received combination 
with prednisolone, cyclosporine and MMF, and 6.6% 
received combination with prednisolone and 
tacrolimus. One patient was treated with 
photophoresis and 2 had mesenchymal stem cell 
therapy. Of the patients with GVHD, 46.2% had 
GVHD grade 2 (n: 48), 31.8% had grade 3 (n: 33), 
20% had grade 4 (n: 21), and 2% had grade 1 (n: 2). 
In addition, there was no correlation between the 
grade of GVHD and CMV infection (p = 0.12). 
Regarding the CMV status, cases were positive after 
transplantation median on the 112th day (10-720 
days). White blood cell count, neutrophil and 
lymphocyte levels were examined in this period). 

Table 1. Patient and donor CMV conditions at the transplantation 
 

Patient / donor CMV status in transplant           Samples 

  N % 
Positive / Positive  98 %71 
Positive / Negative 3 %2,2 
Negative / Positive 16 %11,6 
Negative / Negative  16 %11,6 
Not Reached 5 %3,6 

 
Table 2. Distribution of pp65 and CMV DNA PCR results 
 

 
 

Pp 65 positive 
N ( % ) 

Pp 65 negative 
N ( % ) 

Total 
N ( % ) 

CMV DNA 
Positive ≥80 copies / ml 
Positive < 80 copies / ml 

 
42 (30.4%) 
7 (5.1%) 

 
62 (45%) 

19 (13.9%) 

 
112 (75.4%) 

26 (19%) 
CMV DNA negative 0 8 (5.6%) 8 (5.6 %) 
Total N ( % ) 49 (35.5%) 89 (64.5%) 138 (100%) 
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There was no statistically significant difference 
between the post-transplant lymphocyte value and 
the CMV DNA titers (p = 0.07). However, when the 
lymphocyte count was grouped as <500/mm3 and 
>500/mm3, the difference was significant in the 
patient group with a lymphocyte value <500/mm3 and 
positivity was found to be higher (p = 0.017). It was 
found that this situation was due to the lack of cell 
counts in patients with lymphopenia and in the 
absence of a sufficient number of cells for measure 
pp65 antigenemia test. As the lymphocyte count 
increased, antigenemia positivity was found to be 
higher and there was a statistically significant 
difference between the values of lymphocytes and 
CMV antigenemia (p = 0.038). 
White blood cell count and neutrophil values were 
correlated with CMV DNA (p = 0.003, p = 0.002). 
Neutrophil values <1000/mm3, 1000-2000/mm3, 
>2000/mm3 were also correlated with CMV DNA 
qPCR, and as the neutrophil value increased, the 
CMV DNA qPCR titres increased as well (p = 0.027). 
There was also a statistical relationship between 
neutrophil value and CMV antigen (p = 0.034). Again, 
when the neutrophil values were examined with 
<1000mm3 and >1000/ mm3 as CMV antigenemia, 
the statistical relationship was found significant (p = 
0.005). CMV antigenemia positivity was high in 
patients with neutrophil values >1000/ mm3. 
Significance was determined between neutrophil 
engraftment and CMV antigenemia, and it was 
observed that those with late neutrophil engraftment 
were more positive, while those with CMV clinical 
infection were observed to be in the late neutrophil 
engraftment group (p = 0.028, p = 0.0001). 
There was a significant difference between the 
platelet engraftment and CMV antigenemia and CMV 
DNA qPCR positivity; a higher positivity was detected 
in those with late platelet engraftment, and late 
platelet engraftment was observed in patients with 
CMV clinical infection (p = 0.025, p = 0.001). 
The stem cell source used in all of our patients was 
peripheral CD 34 positive stem cells and no 

significant difference was found between the amount 
of infused CD34-positive stem cells and CMV 
antigenemia and CMV DNA positivity (p = 0.07, p= 
0.2). 
CMV antigenemia values ranged from 0 to 20 in 37 
samples (26.8%) and 20 to 100 in 8 samples (5.8%), 
CMV antigenemia result was >100 in 4 samples (3%), 
and in 65 samples (47.1%) CMV antigenemia was 
negative although CMV DNA result was positive. A 
cell deficiency was observed in 31 samples (22.5%).  
It was observed that 38 of the 49 samples with 
positive CMV antigenemia were detected within the 
first 100 days after transplantation. 
In eight of the samples (5.8%), CMV pp65 
antigenemia and CMV DNA qPCR were negative, 
while in 49 (35.5 %) both tests were positive. The 
number of CMV antigenemia negative/ CMV DNA 
qPCR positive samples was 81 (58.7%), whereas 
there was no positive antigenemia/ CMV DNA qPCR 
negative sample. The mean value of the CMV DNA 
was 49.887 copies/ml (70-1.213.633 p/ml). A 
significant correlation was found between the two 
tests and positive samples (p= 0.018). ROC analysis 
showed that 322 copies/ml CMV viral load in plasma 
corresponded to ≥1 antigen-positive cell/200 
thousand leukocytes (Sensitivity: 68.5 %, Specificity: 
31.5%) (Table 2, Figure-1). The samples with CMV 
DNA qPCR positive and pp65 antigenemia negative 
were attributed to false negative results of the CMV 
antigenemia test due to the patients being 
leukopenic. Again, the absence of CMV DNA 
negative and antigenemia positive samples can be 
explained by the fact that the CMV DNA qPCR test is 
more sensitive. 
The highest CMV DNA value was found to be 
1.213.633 copies/ml. This sample belongs to a 
patient with GIS CMV infection. The CMV DNA level 
was found to be > 80 copies/ml in 104 samples.  ROC 
curve analysis was performed on CMV DNA levels of 
138 samples according to the CMV infection 
development status, and as a result, when CMV DNA 
was <2x102 cut-off, the sensitivity was found to be  

Table 3. Comparison of CMV DNA PCR results and Antigenemia results with respect to CMV DNA cut-off values in the 
references. 

 CMV DNA copy / ml 
< 2x 102 (n:75) 

CMV DNA copy / ml 
≥ 2x 102 (n:63) 

CMV Antigenemia Positive 15 (20 %) 34 (54%) 
CMV Antigenemia Negative 44 (58.6 %) 9 (14.3%) 
Insufficient cell 6 (8%) 2 (3.2%) 
Unseen 10 (13.4%) 18 (28.5%) 

                                                                      Sensivity 97.7 % and Specificity 94 % 
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97.7% and the specificity was 94%, and in 75 of the 
samples, the CMV DNA copy was < 2x102 copies/ml., 
in 63 of the samples, the result was >2x102 copies/ml. 
CMV infection was observed in 32 samples, CMV 
DNA cutoff values were compared with CMV DNA 
qPCR results, and antigenemia results were 
compared with respect to CMV infection (p = 0.004) 
(Table 3). 
 
DISCUSSION 
In stem cell transplant recipients, approximately 50-
90% of them develop CMV infection in the post-
transplant period in relation to recipient and donor’s 
CMV status before transplantation, and 30%- 50% of 
them are symptomatic (9, 10, 11). CMV infection is an 
important cause of mortality and morbidity in ASCT 
patients in hematology stem cell transplantation 
clinics. CMV positivity may progress CMV disease 
with organ involvement such as pneumonia, 
gastroenteritis, retinitis, and central nervous system 
involvement. CMV seropositivity and CMV infection 
are more common in the first 100 days of post-
transplantation period. In these patients, CMV pp65 
antigenemia assay and CMV DNA qPCR tests can be 
used in the diagnosis of CMV infection. Currently, 
CMV DNA qPCR is preferred to a higher extent for 
pre-emptive treatment. In the study of Landolfo et al., 
post-ASCT CMV infection was found to be around 32-
70% (12). CMV infection was detected in 23.2% (n: 
32) of 138 samples from 39 patients who underwent 
ASCT with CMV positivity in our clinic, and it was 
found to be slightly lower compared to the literature 
(13). 
In the literature, CMV positivity was shown to be more 
frequent in the first 3-4 months after transplantation, 
and CMV positivity was found in 112 days after 
transplantation in our study. It was observed that 38 
of the 49 samples with positive CMV antigenemia 
were detected within the first 100 days after 
transplantation. 
In a study conducted to determine the frequency of 
CMV infections and risk factors after day 100 (14), 
CMV disease was detected in 17.8% of patients and 
on median 169 (96-784) days, while mortality was 
46% in this group. In the study, it was found that the 
risk increased in cases of antigen positivity, GVHD 
presence, low CD4 positive lymphocyte count, 
lymphocyte count <100/mm3 and CMV positivity 
before the 100th day. In our results, CMV positivity 
was detected on the median 112th day after the 
transplant, 80% of our patients had GVHD, and 

51.3% had grade 3-4 GVHD. However, there was no 
correlation between GVHD degree and CMV 
detection. CMV DNA positivity rate was found to be 
significantly higher in the patient group with 
lymphocyte value <500/mm3. 
Immunosuppression is important in the pathogenesis 
of CMV infection in patients with ASCT and the 
factors that affect it include age, HLA compliance, 
stem cell source, administered conditioning regimen 
(ATG, history of RT) as well as steroid treatment (12). 
In addition, the serological status of the recipient is an 
important risk factor, too (13). In our study, no relation 
was found between the preparation regimes and 
CMV status; however, there was a statistically 
significant correlation between age and CMV DNA 
qPCR positivity (p = 0.029), yet no correlation was 
found between CMV antigenemia and age. CMV copy 
positivity was more common in patients under 40 
years of age (p = 0.014). 
The donor serology is one of the most important 
criteria for CMV risk. According to the risk ratio,, those 
with Donor (D) positivity (+) and Recipient (A) 
negativity (-) have the highest risk, while D+ A+, D- 
A+ indicates a decreasing risk level. The presence of 
viremia has been demonstrated to be a risk factor for 
CMV disease. It has been shown that high viral load 
constitutes the greatest risk for CMV considering the 
donor and recipient serological status, high viral load 
and viremia (15). When the CMV status of our 
patients was examined at the time of transplant, 71% 
was D + A +, 11.6% had DA-, 11.6% had D-A + and 
2.2% had D + A. In the study conducted by 
Schulenburg et al., D + A +, 24.3% DA and D-A + 19% 
were detected in 42% of the donor and donor CMV 
cases (16). 
We know that CMV DNA qPCR positivity is 
considered to be a more sensitive test than CMV 
antigenemia in neutropenic patients. In our study, the 
neutrophil value <1000/ mm3, 1000 – 2000/ mm3, 
>2000/ mm3 were also correlated with CMV DNA, 
CMV DNA titres increased as the neutrophil value 
increased. There was also a statistical relationship 
between the neutrophil value and the CMV antigen. 
Also, CMV antigenemia positivity was high in the 
patient group with a neutrophil value >1000/ mm3. 
Einsele et al. found an unfavorable prognostic factor 
for CMV infection in lymphopenia after bone marrow 
transplantation (17). There was no significant 
difference between post-engraftment lymphocyte and 
CMV DNA titres in our study, but CMV DNA positivity 
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rate was found higher in patients with a lymphocyte 
value <500/mm3. 
In our patient population, CMV infections were 
observed more frequently in patients with late 
neutrophil and platelet engraftment. The reason for 
this can be the delay of engraftment in our patients 
due to CMV infection. 
Gökahmetoğlu et al. investigated the presence of 
CMV in 450 samples from 54 bone marrow recipients 
with CMV antigenemia test and CMV DNA qPCR 
methods. The researchers found positive results in 
5.2% of the samples, the antigenemia test alone in 
6%, and the CMV DNA qPCR test alone in 9.3% (18). 
In our study, both tests were positive in 35.5% of the 
samples, the CMV antigenemia test alone was found 
in 5.7% and CMV DNA qPCR test alone was found in 
38.4% of the samples. 
In another study in which 415 peripheral blood 
samples were obtained from 42 patients with AHSCT 
every week until the 100th day after transplantation, 
the presence of CMV DNA was investigated by the 
real-time PCR method. It was stated that 51% of the 
patients had viral reactivation. It was also reported 
that the CMV DNA qPCR testing may be useful in 
monitoring CMV reactivation and response to the 
antiviral therapy in BMT receptors (19). In our study, 
it was observed that 38 of the 49 samples with 
positive CMV antigenemia were detected within the 
first 100 days after transplantation. 
In a study by Schulenburg et al. (16), the CMV DNA 
qPCR method was employed to determine the CMV 
infection and CMV antigenemia. In our cases, CMV 
DNA qPCR results and antigenemia results were 
compared in terms of CMV DNA cutoff values 
according to the CMV DNA cutoff values. In our study, 
there was a significant correlation between CMV DNA 
qPCR and CMV antigenemia in CMV detection.      
In a study conducted on the stem cell transplant 
receivers in Turkey, which compared the results of 
CMV pp65 antigenemia test with two different PCR 
test results, the value of viremia corresponding to 
antigenemia positivity (≥1 positive cell/200,000 cells) 
was found 1543.5 copies/ml in one test and 423 
copies/ml in the other (18). A cutoff value of 423 
copies/ml was determined in the study of Çolak et al., 
and sensitivity and specificity were found to be 70.7% 
and 79.5%, respectively (20). In a study conducted in 
solid organ transplant patients in our university, ROC 
analysis was performed based on pp65 antigenemia 
positive (≥1 positive cell/200.000 cell), and the CMV 
DNA threshold value corresponding to antigenemia 

positivity in solid organ transplant recipients was 
found to be 205 copies/ml (sensitivity: 91.7%, 
specificity: 90.3%) (21). In a study by Breda et al., the 
cutoff value in which CMV antigenemia could be 
separated as positive and negative was 1067.5 
copies/ml, which was reported with 100% sensitivity 
and 71% specificity (22). In our study, the mean value 
of CMV DNA qPCR of 49 samples in both tests was 
57.887 copies/ml (70- 1.213.633 copies/ml) and a 
significant correlation was found between the two 
tests and positive samples (p = 0.018). In ROC 
analysis, 322 copies/ml CMV viral load in plasma 
corresponds to ≥1 antigen-positive cell/200 thousand 
leukocytes (sensitivity: 68.5%, specificity: 31.5%). 
 
CONCLUSION 
As a result, in this study, in the group that received 
stem cell transplantation and CMV pp65 antigenemia 
test, the CMV DNA qPCR test value, corresponding 
to 1 positive cell/200,000 cells, was determined as 
322 copies/ml. Although these results may vary 
slightly depending on the clinic and patient 
population, it has been shown that there is 
concordance between the CMV pp65 antigenemia 
test and the CMV DNA qPCR test in the clinical 
follow-up of patients with CMV infection, and it is 
thought that it will be helpful in the follow-up of 
patients. 
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INTRODUCTION 
The diagnosis and treatment of cancer in children 
come with an array of problems and symptoms, such 
as nausea, vomiting, mucositis, anorexia, and pain, 
which are often presented with psychological 

problems such as anxiety, depression, and stress (1). 
Cancer-associated problems affect not only the child 
but the lives of all family members. For this reason, 
childhood cancers are considered a family disease 
(2). 

ABSTRACT 
Purpose: To prevent mothers of children with cancer from developing health problems and suggest 
effective ways to maintain their health, it is important to accurately determine the problems they face. The 
aim of this study was to examine the physical health problems and healthy lifestyle behaviors of mothers 
whose children have cancer. 
Material and Methods: This methodological, descriptive, and correlational study. The study interviewed 
150 mothers whose children were receiving treatment for cancer using three forms: Sociodemographic 
Information Form, Mothers' Physical Health Form, and Healthy Lifestyle Behaviors Scale II. Independent 
samples t-test and single way variance analysis (ANOVA) tests were conducted to measure the relations 
between the variables. 
Results: Mothers’ age, number of children with cancer, age of child, educational status, income level and 
marital status were significantly correlated with the survey variables. A model created based on the 
regression analysis of the relationship among the variables showed that sociodemographic characteristics 
affected 24.2% of the healthy lifestyle behavior of mothers of children with cancer. 
Conclusion: Our results showed that physical activity and stress management received the lowest health 
lifestyle behavior scores. The current findings emphasize the importance of informing mothers about stress 
management and physical activities during the care of their children with cancer. 

Keywords: Cancer, child, healthy lifestyle, mother 
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Due to the long duration of treatment and the need of 
frequent hospitalization, families are more involved in 
childcare and play an important role (3). In trying to 
cope with their child’s symptoms and treatment side 
effects, the physical and psychological health and 
lifestyle of the mothers are often negatively affected 
(4,5) Therefore, more attention needs to be paid to 
the health of those who care for children with cancer 
(6). 
Mothers who cared for children with cancer were 
found to have worse physical health indicators than 
those who cared for healthy children (7,8). These 
mothers experienced physical problems such as 
insomnia, headache, back pain, decreased appetite, 
digestive and nutritional disorders, fatigue, 
weakness, and palpitations (9).  
The burden of caring for a child with cancer can cause 
health problems and increase health risks. Having a 
child with cancer has been found to negatively affect 
mothers' healthy lifestyle behaviors promoting 
unhealthy eating, smoking, and drinking alcohol, and 
inability to cope with stress (3). Sleep quality was 
found to be lower in mothers with a child with cancer, 
with higher weight gain compared to those with 
healthy children. Maintaining physical and 
psychological health of parents in turn affects the 
outcome of child’s health. Having healthy mothers will 
also increase the quality of life of all family members, 
especially the child with cancer (4). 
Studies conducted in Turkey have mostly focused on 
the psychosocial problems of mothers having children 
with cancer (10,11). No study has demonstrated both 
physical and psychological health problems and 
healthy lifestyle behaviors of mothers whose children 
have cancer. To prevent mothers of children with 
cancer from developing health problems and suggest 
effective ways to maintain their health, it is important 
to accurately determine the problems they face. In 
this study, the effects of some characteristics of 
mothers with cancer children on health problems and 
healthy lifestyle behaviors were examined. Our 
findings are expected to be used to assess the health 
problems of the mothers, to plan for necessary 
counseling services in order to reduce the health 
problems in caregivers of children with cancer. 
 
MATERIAL AND METHODS 
Study Design  
This methodological, descriptive, and correlational 
study examined the physical health and lifestyle 

behaviors characteristics of mothers whose children 
had cancer.  
 
Population and Sample 
In the first stage of study, according to the literature, 
it is stated that in scale validity and reliability studies, 
it is necessary to reach 5 or 10 times of the scale 
items (12,13). For this reason, the sampling involved 
150 mothers. 
In the second stage of study, the sampling calculation 
required for the study was performed using the 
G*POWER 3.1 statistical analysis software based on 
a 0.05 significance level, 80% power, and 0.50 effect 
size (medium effect size). Thus, the sample size 
required for independent samples t-test analysis was 
determined as 128 mothers. The research data were 
collected between May and August 2019. The sample 
of the study consisted of 150 mothers over 18 years 
of age who, for at least 3 months, have been caring 
for their children receiving cancer treatment. Study 
participants were volunteers. The research was 
carried out in the Division of Paediatric Haematology-
Oncology of Istanbul University, Oncology Institute.  
 
Ethical approval 
The study was approved by the ethics committee on 
06.03.2019 with decision number 
2019.075.IRB3.050.  All participants were informed 
about the study's aim and importance, and all 
subjects signed an informed consent form. 
 
Data Collection Tools  
The research data was compiled using 
"Sociodemographic Information Form", "Mothers' 
Physical Health Form" and “Health-Promoting 
Lifestyle Profile II (HPLP-II)". Mothers of children with 
cancer were asked to fill in questionnaires that took 
about 20–25 minutes.  
 
Sociodemographic Information Form 
The form was created by the researchers to 
determine the sociodemographic characteristics of 
mothers and children. The form consisted of 
questions about mother's age, child's age, child's 
diagnosis duration, marital status, educational status, 
number of children, employment status, income level, 
family type, and area of residence (14–17). 
 
Mothers' Physical Health Form 
This form was prepared by the researchers using  
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findings from the literature and clinical experience 
(4,6,8,14–16,18,19). The form assessed how the 
physical health of mothers was affected due to their 
caregiver role; physical health problems such as 
anorexia, weight gain, weight loss, headache, back 
pain, joint pain, and sleep problems were included. 
The scale consisted of 18 items. Scores obtained 
from the experts were analyzed with a validity review 
of the material. Each item in the scale was scored 
from 1 = Yes and 0 = No. A minimum of 0 and a 
maximum of 18 points were obtained from the scale. 
Higher scores indicated an increase in the physical 
health problems experienced by the mothers. The 
internal consistency coefficient of the scale was 
estimated based on the Kuder-Richardson reliability 
coefficient (KR-20) analysis. The KR-20 reliability 
coefficient of the scale is 0.81. 
 
Health-Promoting Lifestyle Profile II (HPLP-II) 
The HPLP-II, developed in 1987 by Walker, Scehnist 
and Pender, is a scale that measures health 
promoting behaviors in relation to individuals' healthy  

lifestyles (20). The Turkish validity and reliability study 
of the scale was performed in 2008 by Bahar et al. 
The form consisted of 52 items, in a 4-point Likert-
type scale that includes choices of 'never', 
'sometimes', 'often', and 'regularly' (21). The scale 
consisted of six subscales: 'health responsibility', 
'physical activity', 'nutrition', 'spiritual development', 
'interpersonal relations' and 'stress management'. 
Lowest score in the scale was 52 and the highest one 
was 208. A high score in the scale indicates that the 
individual has healthier lifestyle behaviors. The 
Cronbach Alpha value of the scale was 0.92 and the 
values of the sub-scale ranged from 0.64 to 0.80 (21). 
The Cronbach's alpha value in this study was 0.814. 
 
Data analysis 
The study data were analyzed using SPSS 21.0 
statistical data analysis package program and 
evaluated by using frequency, arithmetical average, 
and percentage values.  
In the first stage of study, the internal accuracy of the 
scale and its subscales was determined using 

Table 1. Characteristics of mothers and children 
 

Characteristics n % 
Mother's age 19–29 54 36.0 

30 - 40 60 40.0 

41 and above 36 24.0 

Child's age 0-2 years 2 14.7 

3-5 years 34 22.7 

6 years and above 94 62.6 

Marital status Married 143 95.3 

Single 7 4.7 

Educational status Literate 17 11.3 

Primary school 39 26.0 

Secondary school 38 25.4 

High school 39 26.0 

University 17 11.3 

Number of children Single 27 18.0 

More than 1 123 82.0 

Employment status Employed 13 8.7 

Unemployed 137 91.3 

Income level Well 26 17.3 

Moderate 88 58.7 

Poor 36 24.0 
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reliability analysis. The content validity index (CVI) 
and factor analysis were used. The relationship 
between item and factor was determined using EFA 
(exploratory factor analysis). We conducted a CFA 
(Confirmatory Factor Analysis) with a full estimate of 
the maximum likelihood using IBM SPSS Amos 
version 26.0. The internal consistency coefficient of 
the scale was estimated based on the Kuder-
Richardson reliability coefficient (KR-20) analysis. For 
the item–total score analysis, Pearson correlation 
analysis was used. The margin of error was set at p 
= 0.05. 
In the second stage of study, Shapiro-Wilk was used 
to determine compliance of the parameters with the 
normal distribution. Independent Samples t-test and 
single way variance analysis (ANOVA) tests were 
conducted to measure the relations between the 
variables. The Bonferroni test was used to determine 
where the difference between the variables 
originated. Linear regression analysis was employed 
to examine the extent to which the factors associated 
with healthy lifestyle behaviors of mothers. VIF and 
tolerance analysis was used to examine whether 
there was multicollinearity between the factors 
associated with healthy lifestyle behaviors of 

mothers. A VIF value of <10, a tolerance value of 
<0.2, and a condition index value of <15, which are 
independent variables, were included in the 
regression analysis (22). Level of significance was 
accepted as 0.05. 
 
RESULTS 
In the first part of the results, the validity and reliability 
findings of the Mothers' Physical Health Form used in 
the study are presented. This form was prepared by 
the researchers using findings from the literature and 
clinical experience (6,8,18). The form assessed how 
the physical health of mothers was affected due to 
their caregiver role; physical health problems such as 
anorexia, weight gain, weight loss, headache, back 
pain, joint pain, and sleep problems were included. 
The scale was evaluated by a panel of five experts in 
pediatric oncology (two medical doctors from the 
Paediatrics Department, three experts from the 
Department of Paediatric nursing). The scale had a 
Kaiser-Meyer-Olkin (KMO) value of 0.791, Bartlett's 
test of sphericity of 1025.744, and an explained 
variance of 66.19%. According to the explanatory 
factor analysis results, the factor loading was 0.66–
0.78 for the scale. The confirmatory factor analysis 

Table 2. Physical health problems of mothers 
 

Physical Health Problems n % 
Fatigue 136 90.7 

Sleep Problems 114 76.0 

Headache 102 68.0 

Back pain 99 66.0 

Lumbar pain 93 62.0 

Muscle pain 92 61.3 

Stomachache 88 58.7 

Joint pain 84 56.0 

Loss of appetite 97 64.7 

Weight losses 84 56.0 

Weight Gain 50 33.3 

Increased hair loss 82 54.7 

Irregularity in menstruation 78 52.0 

Increased menstrual bleeding 32 21.3 

Wound  25 16.7 

Smoking (starting / increasing the number of cigarettes) 31 20.7 

Chronic ailments 18 12.0 

Using alcohol (starting / increasing amount of alcohol) 2 1.3 
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results showed the following fit indices: X2 =399.942, 
df = 96, X2 / df = 4.166, RMSEA = 0.051, GFI = 0.96, 
CFI = 0.96, IFI = 0.96, NFI = 0.96, TLI = 0.96, and RFI 
= 0.95. The factor loading was 0.65–0.76 for the 
scale. The KR-20 reliability coefficient of the scale is 
0.81. The correlation of the scale items with the scale 
total score was 0.56–0.68. The adapted scale was 
found to be a valid and reliable measurement tool for 
assessing the physical health problems of mothers of 
children with cancer. 
Table 1 summarizes the demographic characteristics 
of mothers and children. According to the results of 
Shapiro-Wilks test, participants enrolled in this study 
were not homogeneous in terms of sociodemographic 
variables (p <0.05). 
The physical health problems experienced by the 
mothers are presented in Table 2. The mean score of 
the mothers participating in the study on the Mothers' 
Physical Health Problems Form was 8.71 + 3.96. 
In Table 3, the mean scores of the mothers based on 
the HPLP-II subscale values were calculated as 
29.20 ± 4.66 for “Spiritual development,” 27.29 ± 4.89 
for “Interpersonal relations,” 23.42 ± 5.23 for 
“Nutrition,” 22.16 ± 5.86 for "Health responsibility," 
19.41 ± 5.52 for "Stress management", and 12.96 ± 
4.61 for "Physical activity". HPLP-II total value was 
found as 134.54 ± 25.80. 
There was not a statistically significant difference 
found between mother’s age and physical activity, 
which is a subscale of healthy lifestyle behavior scale. 
There was not a statistically significant difference 
found between mother’s age and mothers ‘physical 
health problems form scores (p >0.05). However, a 
statistically significant difference was found among 
healthy lifestyle behavior scale total score (p<0.001), 
nutrition (p<0.001), health responsibility (p=0.007), 
interpersonal relations (p<0.001), stress 

management (p<0.001) and spiritual development 
(p<0.001).  
There was a statistically significant difference found 
between children age, the educational status and 
income level of the mothers, and health-promoting 
lifestyle profile scale total score and sub-scales score 
(p <0.05), whereas no statistically significant 
difference was found between children age, the 
educational status and income level and mothers 
‘physical health problems form scores (p >0.05). 
There was not a statistically significant difference 
found between number of children and health 
responsibility and physical activity, which are 
subscales of healthy lifestyle behavior scale and 
mothers’ physical health problems form scores (p 
>0.05); while a statistically significant difference was 
found health-promoting lifestyle profile total score, 
nutrition, interpersonal relations, stress management 
and spiritual development (p <0.05).  
No statistically significant difference was found 
between marital status and employment status, and 
healthy lifestyle behavior scale total score and its 
subscales (p >0.05). There was a statistically 
significant difference found between marital status 
and mothers’ physical health problems form scores 
(p<0.05), Bonferroni-corrected Mann Whitney U test 
determined the origin of the observed differences in 
mothers’ age, children age, education level, and 
income level. As there were three pairs of 
comparisons in the analysis for mothers’ age, children 
age and income level, the accepted significance level 
(p = 0.05) was divided by three to determine the new 
significance level. The new significance level was 
0.05/3 = 0.016. Thus, we determined that the 
observed differences stemmed from mothers who 
were thirty years old and over, children aged six and 
over, and participants with a high-income level.  

Table 3. Healthy lifestyle behaviors scale scores of mothers 
 

HPLP II and subscales Mean SD Min. Max. Highest and lowest 
obtainable score 

Health responsibility 22.16 5.86 10 34 9-36 
Physical activity 12.96 4.61 8 28 8-32 
Nutrition  23.42 5.23 14 62 9-36 
Spiritual growth 29.20 4.66 18 36 9-36 
Interpersonel relationships 27.29 4.89 15 36 9-36 
Stress management 19.41 5.52 8 31 8-32 
Total HPLP II 134.54 25.80 80 188 52-208 

SD: Standard deviation; Min: Minimum; Max: Maximum 
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Table 4. Comparison of sociodemographic characteristics and healthy lifestyle behavior scale and physical health problems form scores of mothers 
Descriptive characteristics Health responsibility Physical activity Nutrition Spiritual development Interpersonel relationships Stress management HPLP II Total PHP 

M
ot

he
r 

ag
e 

19-29 years 20.26±5.89 11.92±4.29 21.36±4.32 27.32±4.96 25.30±4.94 16.78±5.64 122.98±25.78 8.38±3.41 
30-39 years 22.68±5.50 13.65±4.78 23.88±3.58 29.88±3.71 28.38±3.89 20.48±5.14 138.96±21.92 8.48±4.24 
40 years and over 24.11±5.83 13.42±4.65 25.85±7.51 30.77±5.01 28.37±5.55 21.60±4.72 144.14±26.35 9.71±4.23 

F 
p 

5.069 
0.007* 

2.135 
0.122 

9.155 
0.000* 

7.260 
0.001* 

7.498 
0.001* 

10.835 
0.000* 

9.517 
0.000* 

1.673 
0.191 

C
hi

ld
 a

ge
 0-2 years 19.00±5.45 10.59±3.44 20.00±3.57 25.90±4.33 24.18±4.66 14.40±4.05 113.68±18.25 8.09±3.35 

3-5 years 20.2 ±5.59 12.00±3.90 22.17±4.27 27.61±4.76 25.52±4.25 17.94±5.25 125.52±24.13 8.70±3.00 
6 years and above 23.57±5.58 13.87±4.79 24.28±3.81 30.55±4.14 28.62±4.67 21.11±5.07 141.92±23.50 8.86±4.39 

KW 
p 

15.290 
0.000* 

15.784 
0.000* 

20.553 
0.000* 

21.800 
0.000* 

20.770 
0.000* 

31.499 
0.000* 

25.886 
0.000* 

1.250 
0.535 

M
ar

ita
l 

st
at

us
 Married  22.34±5.77 13.06±4.61 23.27±4.18 29.29±4.58 27.38±4.91 19.54±5.51 134.77±25.09 8.54±3.96 

Single  18.28±6.39 10.85±3.53 21.28±3.77 27.42±6.13 25.00±4.32 16.71±5.58 119.57±26.11 12.14±1.67 
U 
p 

312.000 
0.096 

325.500 
0.126 

352.500 
0.186 

409.000 
0.414 

350.000 
0.179 

358.500 
0.205 

331.000 
0.148 

218.500 
0.012* 

Ed
uc

at
io

na
l s

ta
tu

s Literate 19.70±5.68 10.88±2.47 22.70±3.56 28.64±4.76 27.00±4.96 18.23±4.91 127.17±20.53 10.00±4.04 
Primary school 19.94±4.54 11.48±3.45 21.76±4.08 27.97±4.32 25.15±4.60 17.25±5.09 123.82±22.40 8.51±3.66 
Secondary school 22.34±5.40 12.89±4.06 22.9±4.00 28.60±4.58 27.02±4.85 

 
18.97±5.51 132.50±23.60 8.44±3.80 

High school 23.89±6.11 14.12±5.39 23.94±4.41 31.10±4.25 28.79±4.61 21.48±4.96 142.89±25.58 8.56±4.24 
University 25.23±6.67 15.94±5.57 25.70±3.60 29.58±5.44 29.47±4.62 21.76±6.34 147.70±27.96 8.82±4.43 

KW 
p 

17.003 
0.002* 

13.096 
0.011* 

11.567 
0.021* 

11.206 
0.024* 

14.765 
0.005* 

14.784 
0.005* 

14.803 
0.005* 

1.952 
0.744 

N
um

be
r o

f 
ch

ild
re

n  

Single  20.62±5.72 13.00±5.52 21.07±3.91 27.40±4.19 25.25±4.43 16.88±6.02 124.25±25.83 8.37±3.71 

More than 1 22.48±5.84 12.95±4.37 23.64±4.09 29.60±4.68 27.71±4.89 19.96±5.27 236.2±24.71 8.78±4.02 

U 
p 

1326.500 
0.114 

1482.000 
0.449 

1065.500 
0.004* 

1161.500 
0.014* 

1170.000 
0.016* 

1080.000 
0.004* 

1153.000 
0.019* 

1516.000 
0.478 

Em
pl

oy
ed

 
st

at
us

 

Employed  24.23±7.38 15.15±6.21 23.76±4.88 29.84±4.77 28.00±5.49 21.84±6.36 142.84±32.57 8.61±5.39 
Unemployed  21.95±5.67 12.75±4.36 23.12±4.11 29.14±4.66 27.20±4.85 19.18±5.41 133.23±24.43 8.72±3.82 

U 
p 

684.000 
0.178 

736.500 
0.336 

798.000 
0.536 

810.500 
0.606 

813.500 
0.606 

664.500 
0.130 

704.000 
0.254 

887.000 
0.981 

In
co

m
e 

le
ve

l 

Well  25.15±5.55 14.50±5.93 24.96±3.96 31.65±3.76 29.50±4.67 22.23±5.79 148.00±25.75 9.07±4.50 
Moderate  22.98±5.63 13.37±4.42 23.60±4.08 29.61±4.43 27.52±4.71 20.04±5.017 139.93±23.46 8.27±4.01 
Poor  17.94±4.20 10.86±2.95 20.86±3.61 26.44±4.56 25.05±4.71 15.83±4.83 117.00±20.19 9.52±3.31 

KW 
p 

27.239 
0.000* 

11.138 
0.004* 

15.595 
0.000* 

20.118 
0.000* 

13.336 
0.001* 

23.353 
0.000* 

22.469 
0.000* 

2.751 
0.253 

HPLP II: Healthy Lifestyle Behavior Scale II; PHP: Mothers’Physical Health Problems; KW: Kruskal Wallis Test;  U: Mann Whitney U Test; *p<0.05 
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Additionally, given that there were ten pairs of 
comparisons in the analysis performed on the origin 
of the observed difference in education level, the new 
calculated significance level was determined as 
0.005, which originated from participants who were 
secondary school, high school, and university 
graduates. 
A regression model was created that included the 
variables that affected the level of healthy lifestyle 
behavior in a statistically significantly (mothers’ age, 
children age, educational status, number of children 
and income level) (Table 5). Model 1 describes the 
effect of the sociodemographic characteristic of 
mothers on Health-Promoting Lifestyle Profile II, and 
shows that sociodemographic characteristics 
predicted on 24.2% of the health-promoting lifestyle 
behavior of mothers. Based on the analysis, for every 
1 year increase in the ages of mothers of children with 
cancer, the healthy lifestyle behavior was 4.35 points 
higher, for every 1 year increase in the children’s 
ages, the mothers’ health-promoting lifestyle 
behavior was 13.98 points higher, and as the number 
of children increased by 1 per mother, the healthy 
lifestyle behavior of the mother was 5.86 points 
higher. Further, as the education level and income 
increased by 1 level, the healthy lifestyle behavior of 

the mothers was 10.77 and 10.36 points higher, 
respectively. Each of the factors, except for mothers’ 
age and number of children, had a statistically 
significant relationship with the health-promoting 
lifestyle behaviors of mothers (p <0.05, Table 5). 
 
DISCUSSION 
Providing care for a child with cancer, who needs 
intensive treatment and care, is a difficult and tiring 
process for family members. It is known that the 
health of mothers is most negatively affected during 
this process (6,8). In this study, we observed that, 
during treatment, the most common physical health 
problems in mothers were fatigue, sleep problems, 
headache, back pain, and anorexia (Table 2). The 
stress experienced by mothers due to physical care 
responsibilities, such as meeting the self-care needs 
of the child, as well as other responsibilities, can lead 
to the occurrence of such physical symptoms. 
This study, the mothers’ age, children age, 
educational status, number of children and income 
level that affected the level of healthy lifestyle 
behavior in a statistically significantly (Table 4). 
Healthy lifestyle behaviors are a condition that can be 
affected by many factors. In the literature, it is stated 
that the average score of healthy lifestyle behaviors 

Table 5. Linear regression analysis of the factors associated with healthy lifestyle behaviors of mothers 
 

 

Healthy Lifestyle Behavior Scale II 

Model 1 

Unstandardized 
Beta 

Coefficients 
Standart 

Error 

Standardized 
Beta 

β 

t p 95 % 
Confidence 

Interval 
Lower  Upper  

Mothers’ Agea 4.352 5.379 0.081 0.809 0.420 -6.282 14.986 
Children’ Ageb 13.985 5.278 0.262 2.650 0.009 3.551 24.419 

Education Statusc 10.774 3.990 0.203 2.700 0.008 2.886 18.663 

Number of Childrend 5.861 5.631 0.088 1.041 0.300 -5.271 16.993 
Income Levele 10.369 5.278 0.154 1.965 0.049 -0.065 20.803 

R 0.492   
R2 0.242   
F 9.021   
p 0.000   
Durbin Watson  
(1.5–2.5) 

2.166   

aWhile coding,  30-40 years and 41  years and above was coded as 1 and 19-29 years was coded as 0; bWhile coding, 6 years and above 
was coded as 1 and 0-2 years and 3-5 years was coded as 0; cWhile coding, the secondary school, high school and university was coded 
as 1 and the literate and primary school was coded as 0; dWhile coding, more than one was coded as 1 and the single was coded as 0; 
eWhile coding, the weel income was coded as 1 and the moderate and poor income was coded as 0. R: correlation; R2: correlation 
coefficient (explained variance ratio); F: model statistics; p: level of significance 
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of young people is higher than that of the elderly 
(14,15). In addition, it is emphasized that the increase 
in the level of education is a positive factor in the 
development of healthy lifestyle behaviors of 
individuals (16). Studies show that income level is 
effective in developing healthy lifestyle behaviors of 
individuals. As the income level increases, the 
healthy lifestyle behaviors of individuals are positively 
affected (14–16) In addition, it is stated in the 
literature that the age of the children that mothers 
have can affect many maternal conditions (15). One 
of these situations is healthy lifestyle behaviors. As 
the child's age increases, his dependence on the 
mother decreases. In addition, as the age of the child 
increases, he/she realizes his/her self-care skills and 
becomes more free and independent. This may lead 
mothers to devote more time to themselves and to 
display healthy behaviors (4,17,23,24). The findings 
of this study support the literature.  
Model 1 showed that the sociodemographic 
characteristic of mothers predicted on their healthy 
lifestyle behavior by 24.2%, based on HPLP-II. There 
are many factors that affect mothers’ healthy lifestyle 
behavior, including sociodemographic 
characteristics, environment, chronic illness, 
presence of a person with a chronic or fatal disease 
in the family, education for a healthy lifestyle, 
presence of obesity, presence of addiction, stress 
level, social support systems, and the support of a 
husband (4,25). For this reason, a 24.2% influence of 
sociodemographic characteristic on healthy lifestyle 
behavior of mothers whose children were hospitalized 
for a long time, who had to cope with so many 
symptoms, and whose healthy lifestyle behavior was 
influenced by various variables, is consider to be 
good, and consistent with previous findings (25,26).  
 
Limitations  
The sample size of the study were limitations of the 
present study, which may affect the generalizability of 
the study’s findings.  Second limitations; one of the 
most important limitations of the research is using 
voluntary sampling. 
 
CONCLUSION 
Our results showed that physical activity and stress 
management received the lowest health lifestyle 
behavior scores. The current findings emphasize the 
importance of informing mothers about stress 
management and physical activities during the care 
of their children with cancer. There was an increase 

in the rate of smoking in mothers, indicating the need 
to provide these mothers with help to quit smoking. 
Spiritual support may help mother’s wellbeing. 
Obstacles to health promoting behaviors should also 
be investigated in this population, alongside 
longitudinal cohort studies. 
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ABSTRACT 
Purpose: The aim of this study is to determine the knowledge level of nurses working in surgical clinics 
about perioperative period (ERAS) protocols. 
Material and Methods: This descriptive research design completed between March and June 2021. The 
population of the study consisted of 126 nurses working in the surgical clinics of a State hospital in Northern 
Cyprus. The study was completed with 93 nurses who volunteered to participate in the study. The data 
were evaluated by accepting the significance level of p<0.05 at the 95% confidence interval. 
Results: 47.3% of the nurses who participated in the study were 38 years and older, 81.7% were women, 
58.1% had undergraduate education, 72% did not receive training on ERAS, and 73.1% of the nurses 
reported that it was beneficial to apply the ERAS protocol. The general average score of the nurses was 
determined as 54.67±21.50.  
Conclusion: It was determined that the majority of the nurses did not know the ERAS protocol, that the 
ERAS protocol applications were not included in the clinic where they worked, and they had moderate 
knowledge. According to these results, it can be suggested that nurses should follow current developments 
and evidence-based guidelines on the ERAS protocol. 

Keywords: Enhanced recovery after surgery, ERAS, knowledge, nursing, perioperative care 
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INTRODUCTION 
Enhanced Recovery After Surgery (ERAS) is a term 
that includes the perioperative care (pre-, intra-, and 
post-operative) period, used with evidence-based 
multidisciplinary, multimodal applications to 
accelerate functional recovery and optimize 
postoperative results (1, 2, 3, 4). This term is also 
called Fast Track Surgery (FTS) in the United States 
(USA) (5, 6). Danish Prof. Henrik Kehlet is known as 
a pioneer in the development of these protocols. 
Fearon and Ljunqvist; focused on accelerating 
postoperative recovery and reducing complications 
by modifying the metabolic response to surgical 
stress in 2001 with a team from Northern European 
countries such as the Netherlands, Scotland, 
Sweden, and Norway (6, 7, 8).  
The ERAS team was named “ERAS Association 
(Enhanced Recovery After Surgery Society for 
Perioperative Care)” in 2010. The main philosophy of 
the protocol is; to reduce the metabolic stress caused 
by surgical trauma, to return physiological functions 
to normal as soon as possible, to provide early 
mobilization, and to accelerate the return of patients 
to daily life activities (9, 10). In Turkey, the first 
foundations were laid at the National Surgery 
Congress organized by surgeons and 
anesthesiologists in 2006, and ERAS Turkey 
Association started its official activities on March 15, 
2017 (11). ERAS protocols were first applied for 
colorectal surgery. Later, protocols were developed 
for patients who underwent gynecology/oncology, 
heart/lung surgery, urology, and other gastrointestinal 
surgery (stomach, pancreas, hepatobiliary, bariatric, 
pelvic/rectal) (1, 5).  
The headliners of the ERAS team are physicians, 
nurses, dieticians, physiotherapists, and social 
workers (1, 5). Surgical nurses are expected to adapt 
to ERAS protocols, which is an up-to-date and 
evidence-based approach, as they take an active role 
in all stages of the perioperative period. ERAS 
protocols are a model consisting of practices that 
include the dependent and independent roles of 
nurses (7, 12). With traditional applications, patients 
had to stay in the hospital long time. Due to the 
negative impact of this situation on the healing 
process, evidence-based ERAS protocols have been 
established that aim to reduce the problems and/or 
complications that may occur after surgery (13).  
The main point that surgical nurses should focus on 
in ERAS protocols is; Due to the shortening of the 
hospitalization period of the patients, patient 

education should be included, including the discharge 
period. Because the protocols include applications 
covering the entire journey of a patient, which starts 
in the outpatient clinic in the preoperative period and 
ends at home with discharge (1). In this context, 
surgical nurses should closely follow current and 
evidence-based new developments (5, 14, 15).  
The aim of the study is to determine the knowledge of 
perioperative period enhanced recovery after surgery 
(ERAS) protocols among nurses. 
 
Research Questions 
1) Is the nurses' level of knowledge about the 
descriptive features and perioperative period 
Enhanced Recovery After Surgery (ERAS) protocols 
sufficient? 
2) What is the total knowledge score of nurses 
regarding the perioperative period Enhanced 
Recovery After Surgery (ERAS) protocols? 
 
MATERIAL AND METHODS 
The quantitative descriptive design research was 
conducted between March 04 / June 28 2021. The 
population of the study consisted of nurses working in 
the surgical clinics of a State Hospital affiliated with 
the Ministry of Health of Northern Cyprus.  
The study population consisted of 126 nurses at the 
state hospital between 04 March and 28 June 2021. 
No sample selection method was used. 33 nurses 
who did not accept to participate in the study, who 
were on leave at the time of data collection, and who 
filled out the questionnaire incompletely were 
excluded from the study, so the study was completed 
with 93 nurses who volunteered to participate in the 
study. 
 
Data Collection Tools 
The data were collected with the data collection form 
created by the researchers in line with the literature 
(2, 5, 7, 11, 16). The forms consists of two parts.  
Nurse Identification Form: This form was composed 
of 10 questions about the descriptive characteristics 
of nurses (age, gender, educational status, duration 
of clinical experience, educational status about ERAS 
protocols, information resources on ERAS Protocols, 
usefulness of ERAS Protocols, etc.). 
Knowledge Level Form of ERAS Protocols: This form 
was composed of 20 questions to determine the 
nurses level of knowledge about ERAS protocols. 
The Knowledge Level Form of ERAS Protocols 
consists of three sub-dimensions covering 
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preoperative, intraoperative and postoperative 
period. Questions from 1 to 9 are about the 
Preoperative period, from 10 to 14 about 
Intraoperative, and questions from 15 to 20 are about 
the Postoperative period. In the Knowledge Level 
Form of ERAS Protocols, each question answered 
correctly was evaluated with 5 points, a total of 100 
points, and wrong answers and no idea answers were 
evaluated over 0 points. Each correct answer 
indicates that the knowledge level of nurses 
increases. The sub-dimensions of the Knowledge 
Level Form of ERAS Protocols constitute the lowest 
and highest scores within themselves. Nurses in the 
preoperative period will be able to get the highest 
score of 45, the highest score of 25 in the 
intraoperative period, and the highest 30 in the 
postoperative period. In order to evaluate the 
information form in terms of subject scope adequacy, 
expert opinion was obtained from 5 faculty members 
and the final form was formed. 
 
Data Collection 
The data were collected by giving verbal information 
about the research during the resting hours of the 
nurses after all necessary permissions were obtained 
for the research. The data collection forms filled by 
the nurses in the company of the researchers were 
given to the researcher immediately after they were 
completed to prevent nurses from interacting with 
each other. Nurses were expected to answer the 
knowledge level questions about ERAS by ticking one 
of the options "True", "False" or "No idea". Data 
collection took an average of 15 minutes. 
 
Pilot Study 
In order to determine the intelligibility of the questions 
in the data form, a pilot study was conducted with 12 
nurses, 10% of the population. After the pilot study, 
no revision was necessary, and the nurses who took 
part in the pilot study were included in the main 
sample. 
 

Ethical Approval 
For the research to be implemented, written consents 
were obtained from the Ministry of Health of Northern 
Cyprus State Hospital Ethics Committee (Date: 
07.05.2021, No: 27/21). Before filling out the data 
collection forms, the necessary explanations were 
made for the nurses to protect their rights, and their 
written and verbal consent was obtained with the 
“Informed Consent Form”.  
 
Statistical Analysis 
Statistical analyzes were performed using the 
Statistical Package for the Social Sciences (SPSS) 
26.0 software. Descriptive statistics, Kolmogorov 
Smirnov Z, Independent samples T, Mann Whitney U, 
and Kruskal Wallis H tests were used to evaluate the 
data. The data were evaluated and interpreted at the 
95% confidence interval, at the p<0.05 significance 
level. 
 
RESULTS 
47.3% of the nurses participating in the research are 
38 years old and above, 81.7% are women, 58.1% 
are undergraduate. 25.8% of the nurses gained their 
professional experience in the general intensive care 
unit. Nurses who worked for 5-9 years and 20 years 
or more participated in the study at the highest rate of 
26.9%. Nurses working in the general intensive care 
unit participated in the study at the highest rate of 
25.8%. 72% of the nurses reported that they did not 
receive training on ERAS and did not use information 
sources about ERAS. 35.5% of the nurses stated that 
they had no idea about the implementation of the 
ERAS protocol in the institution they work, and 73.1% 
of the nurses stated that ERAS protocols were 
beneficial. 
The mean ERAS knowledge level of the nurses 
(N=93) who participated in the study is given in Table 
1. Accordingly, the general average score of the 
nurses was determined as 54.67±21.50. Nurses had 
a general mean score of 25.75±9.35 preoperative, 

Table 1. The mean knowledge level of nurses working in surgical clinics about ERAS protocols (N=93) 
 
Sub-Dimensions Mean±SD Minimum Maximum 
Preoperative period 25.75±9.38 0 45 
Intraoperative period 13.54±7.82 0 25 
Postoperative period 15.37±10.00 0 30 
General total 54.67±21.50 0 100 
SD: Standard Deviation 
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13.54±7.82 intraoperative, and 15.37±10.00 for the 
postoperative period, respectively (Table 1). 
Table 2 gives the correct and incorrect response rates 
given by nurses to knowledge level questions about 
ERAS.  It was found that three questions answered 
correctly by the nurses at the highest level are (1) 
'Patients can be fed with solid foods for up to two 

hours before surgery (89.2%), (2) 'Informing the 
patient in the pre-operative period increases the 
patient's fear and anxiety about the surgery (80.6%), 
and (3) 'a drain should be routinely inserted in all 
patients during surgery (78.5%). It was determined 
that among the three questions that were answered 
least correctly are, (1) 'Carbohydrate-rich liquid/food 

Table 2. Distribution of the responses of nurses working in surgical clinics about ERAS protocols (N=93) 

NO Perioperative Period Answers True False Not Idea 
n % n % N % 

1. According to ERAS protocols, patient education 
reduces the patient's need for analgesics. T 57 61.3 8 8.6 28 30.1 

2. Smoking should be stopped eight weeks before 
the operation. T 62 66.7 16 17.2 23 24.7 

3. Before surgery, patients can be fed with solid 
foods for up to two hours. F 5 5.4 83 89.2 5 5.4 

4. Antibiotic prophylaxis should be applied 30-60 
minutes before surgery. T 54 58.1 16 17.2 23 24.7 

5. Mechanical bowel cleansing should not be 
routinely performed in elective colon surgery. T 26 28.0 58 62.4 9 9.7 

6. 
Informing the patient in the preoperative period 
increases the patient's fear and anxiety about the 
operation. 

F 14 15.1 75 80.6 4 4.3 

7. To create metabolic satiety, carbohydrate-rich 
liquid/food should be given before the surgery. T 24 25.8 39 41.9 30 32.3 

8. 
According to ERAS protocols, low molecular 
weight heparin (LMWH) should be administered 
to prevent deep vein thrombosis (DVT). 

T 43 46.2 16 17.2 34 36.6 

1. 9. 
According to ERAS protocols, the body 
temperature should be below 36°C before 
surgery. 

F 17 13.8 55 59.1 21 22.6 

2. 10. 

During the intraoperative period, the patient's 
normal body temperature should be maintained 
with heated intravenous infusions and external 
warmers. 

T 55 59.1 10 10.8 28 30.1 

3. 11. 
According to ERAS protocols, short-acting 
anesthetics that shorten the recovery time from 
anesthesia should be used. 

T 38 40.9 17 18.3 38 40.9 

4. 12. All patients should routinely be fitted with a drain 
during surgery. F 8 8.6 73 78.5 12 12.9 

5. 13. Combined antiemetics should be used to prevent 
vomiting during the intraoperative period. T 52 55.9 18 19.4 23 24.7 

6. 14. 
Vasopressor agents should be used to prevent 
hypotension due to intraoperative epidural 
anesthesia. 

T 34 36.6 18 19.4 41 44.1 

7. 15. With the implementation of ERAS protocols, the use 
of postoperative analgesics is increasing. F 12 12.9 49 52.7 32 34.4 

8. 16. With the application of ERAS protocols, gas 
removal occurs in the earlier period after surgery. T 49 52.7 10 10.8 34 36.6 

9. 17. With the application of ERAS protocols, 
postoperative wound infection is less common. T 57 61.3 9 9.7 27 29.0 

18. The implementation of ERAS protocols increases 
the postoperative hospital stay. F 8 8.6 63 67.7 22 23.7 

19. 
According to ERAS protocols, patients should be 
mobilized by keeping them out of bed for two hours 
on the day of surgery and six hours until discharge. 

T 37 39.8 16 17.2 40 43.0 

20. 
According to ERAS protocols, opioid analgesics 
should be used routinely in the postoperative 
period. 

F 25 26.9 31 33.3 37 39.8 

Note: T: True, F: False 
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should be given before the operation to create Table 3. Comparison of the descriptive characteristics of nurses working in surgical clinics and their knowledge level 
averages about ERAS protocols (N=93) 

Descriptive 
Characteristics 

General 
Total (Avg±SD) 

Preoperative period 
(Avg±SD) 

Intraoperative 
Period (Avg±SD) 

Postoperative period 
(Avg±SD) 

Age 
23-27 
28-32 
33-37 
38 and above 

43.00±31.93 
57.25±23.08 
48.54±17.53 
58.18±21.02 

16.00±10.83 
25.50±9.16 
23.75±8.37 
28.06±9.16 

10.00±9.35 
15.75±7.48 
12.29±7.22 
13.63±8.09 

17.00±13.03 
16.00±9.81 

12.50±10.52 
16.47±9.49 

p .250 .115 .155 .437 
Gender 
Female 
Male 

53.75±21.52 
58.82±21.54 

25.32±9.46 
27.64±9.03 

13.09±7.83 
15.58±7.68 

15.32±10.30 
15.58±8.81 

p .391 .323 .230 .996 
Educational status 
High school 
Undergraduate 
Graduate 

55.00±21.32 
54.25±20.40 
55.37±24.37 

27.08±9.40 
25.27±9.13 

26.11±10.12 

12.91±8.10 
13.98±7.73 
12.96±8.11 

15.00±10.66 
15.00±9.41 

16.29±11.14 
p .967 .733 .829 .797 
Clinical experience gained 

GICU 
Surgical service 
Emergency 
Surgery 
CVSICU 
Orthopedic service Cardiology service 

53.54±22.13 
53.46±20.55 
56.25±25.31 
66.17±20.57 
54.58±22.80 
45.62±16.13 
46.36±21.50 

24.37±10.76 
27.69±8.06 

22.50±10.35 
30.88±8.88 
24.16±6.33 
25.62±9.42 
22.72±9.04 

14.58±8.83 
12.30±7.25 
14.37±8.21 
17.05±6.85 
13.75±8.56 
8.75±3.53 

10.00±7.07 

14.58±9.43 
13.46±9.65 
19.37±9.79 

18.23±10.44 
16.66±11.34 
11.25±11.57 
13.63±8.68 

p .300 .275 .170 .477 
Years of profession in Nursing 

0-4 years 
5-9 years 
10-14 years 
15-19 years 
20 years and above 

57.14±16.54 
55.00±25.73 
47.14±16.37 
52.27±21.02 
60.00±20.96 

24.28±6.07 
24.00±10.60 
23.57±8.41 
26.13±9.62 
28.80±8.93 

12.85±6.36 
15.00±7.90 
11.78±8.68 
12.04±8.26 
14.60±7.34 

20.00±9.12 
16.00±10.40 
11.78±8.90 

14.09±10.42 
16.60±9.97 

p .403 .380 .562 .363 
Currently working clinic 

Surgical service 
Surgery 
GICU 
Orthopedic service  
Urology service 
Cardiology service 
CIC 
CVSICU 

57.00±18.43 
63.09±23.20 
56.66±22.39 
43.00±16.53 
51.66±15.70 
56.66±16.96 
40.00±26.22 
42.00±25.39 

27.00±7.88 
29.28±9.91 

24.37±10.35 
22.50±9.20 
29.16±5.84 
27.08±6.20 

17.00±12.04 
23.00±7.58 

13.50±7.83 
17.14±7.34 
14.79±9.02 
9.00±3.94 

12.50±6.89 
13.75±6.44 
8.00±5.70 
8.00±9.08 

16.50±8.51 
16.66±10.99 
17.50±8.59 

11.50±11.55 
10.00±8.36 

15.83±10.83 
15.00±11.72 
11.00±10.83 

p .177 .219 .076 .614 

Educational status about ERAS protocols 
Educated 
Non Educated 

71.34±17.86 
48.20±19.28 

30.96±8.24 
23.73±9.05 

18.07±8.00 
11.79±7.05 

22.30±8.02 
12.68±9.42 

p .000* .001* .001* .000* 
Information resources on ERAS Protocols 
In-service training Congress 
etc. 
Media, phone etc. 
Other 
Not 

70.90±12.00 
77.00±14.40 
77.50±33.04 
63.33±18.61 
48.20±19.28 

30.90±7.68 
30.00±7.07 
38.75±9.46 
26.66±7.52 
23.73±9.05 

20.45±6.87 
19.00±6.51 

16.25±10.30 
14.16±9.70 
11.79±7.05 

19.54±6.87 
28.00±4.47 

22.50±15.00 
22.50±5.24 
12.68±9.42 

p .000* .009* .005* .000* 
Implementation status of ERAS protocols in the institution 
Yes 
No 
No Idea 

58.87±18.96 
55.34±22.71 
50.15±22.41 

25.80±7.86 
27.41±9.96 

24.24±10.16 

14.51±8.59 
12.75±7.62 
13.33±7.35 

18.54±7.09 
15.17±11.29 
12.57±10.54 

p .304 .620 .699 .120 
Thinking that ERAS protocols are useful 
Yes 
No 
No Idea 

59.55±20.29 
0 

41.40±19.28 

26.83±9.05 
0 

22.80±9.79 

14.19±8.13 
0 

11.80±9.79 

18.52±8.51 
0 

6.80±8.76 
p .000* .076 .197 .000* 
Avg: Average, SD: Standard deviation, GICU: General Intensive Care Unit, CVSICU: Cardiovascular Surgery Intensive Care Unit, CIC: Coronary 
intensive care, *p<0.05 
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metabolic satiety (25.8%), (2) 'Mechanical bowel 
cleansing should not be routinely applied in elective 
colon surgery (28.0%) and (3) 'Opioid analgesics 
should be used routinely in the postoperative period 
according to ERAS protocols (33.3%) (Table 2). 
The comparison of nurses' pre-, intra-, and post-
operative periods, general average score and 
descriptive characteristics are given in Table 3. It was 
determined that the groups with the highest overall 
score average were, 38 years and older 
(58.18±21.02), male (58.85±21.54), postgraduate 
education (55.37±24.37), experience in the operating 
room (66.17±20.57), years of service in the 
profession 20 years and over (60.00±20.96), working 
in the operating room (63.09±23.20), educated about 
ERAS (71.34±17.86), information sources such as 
media, telephone, etc. (77.50±33.04) (highest overall 
score average), who think that ERAS protocols are 
applied in the institution  (58.87±18.96) and 
(59.55±20.29) nurses who thought that ERAS 
protocols were beneficial. 
A statistically significant difference was found in the 
comparison of Nurses' education about ERAS 
(p=0.000, p=0.001, p=0.001, p=0.000, respectively) 
and ERAS information sources (p=0.000, p=0.009, 
p=0.005, p=0.000, respectively) and general, 
preoperative, intraoperative and postoperative mean 
scores (p<0.05). Statistical significance was also 
determined between thinking that ERAS protocols 
were beneficial and overall and postoperative score 
averages (p=0.000, p=0.000, respectively) (p<0.05) 
(Table 3). 
 
DISCUSSION 
In this study, it was aimed to determine the 
knowledge level of nurses, working in surgical clinics, 
about the ERAS protocol. According to the results of 
our research; It was determined that most of the 
nurses (72%) had no idea about ERAS. Studies have 
shown that most of the other healthcare 
professionals, including nurses, do not have sufficient 
knowledge about ERAS in perioperative care (2, 5, 
17, 18, 19, 20). These results are similar to the results 
of our research.  
It is seen that 72% of the nurses participating in the 
research do not use any information source about 
ERAS. Similar results are seen in other studies 
conducted in parallel with the results of our research 
(2, 5). Nurses (35.5%) reported that ERAS protocol 
applications were not included in the clinic they 
worked in. According to the research results 88.97% 

of the nurses reported that ERAS practices were not 
included in the clinic where they worked (5). 
According to these results, it is thought that namely 
the ERAS protocols are not implemented in their 
institutions or the nurses' lack of awareness about this 
issue has a great effect on the nurses' lack of 
knowledge about ERAS. According to the results of 
our study, 73.1% of the nurses think that ERAS 
protocols are beneficial.  
To accelerate the post-surgical recovery process and 
to provide the expected benefit from ERAS, all 
healthcare team members should know ERAS 
protocols, as well as nurses' awareness and skills on 
the subject at a sufficient level (15, 17). Successful 
implementation of ERAS protocols is possible with 
team collaboration (21). It is reported that ERAS 
protocols are strong evidence-based applications, but 
their transition to practice in clinics is a slower process 
than expected (22). 
ERAS protocols constitute the pre-, intra, and post-
operative periods (4). These protocols are 
standardized with preoperative patient education and 
counseling, prevention of prolonged hunger 
associated with surgery, anesthesia management, 
and early postoperative mobilization (23). 
Education/training of the patient before the operation 
(deep breathing and cough, pain management, etc.) 
plays a major role in preventing possible 
complications (16, 24, 25). The education and 
counseling service to be given to the patient should 
begin during the first visit and should continue at all 
stages of the process (26). In this study, nurses 
(61.3%) reported that patient education would reduce 
the need for analgesics. According to the research 
results of previous studies nurses reported that 
patients should be educated in the preoperative 
period. The results are in agreement with our 
research (5, 19). 
According to the 2011-2017 guideline of the American 
Society of Anesthesiologists (ASA), it is reported that 
the consumption of solid foods can be stopped six 
hours before the surgery and liquid foods can be 
stopped two hours before the surgery (16, 27, 28). 
According to the results of our research; It is seen that 
nurses do not have sufficient knowledge about the 
subject. The previous research results are similar to 
our research (5, 19, 29). It has been reported that 
nurses inform patients against any food and beverage 
consumption after midnight, which is their routine 
practice. Therefore, 89.2% of the nurses gave wrong 
answers about the subject. It can be said that this 
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situation is not suitable for ERAS protocols, which are 
evidence-based applications, and the lack of 
information is high. 
It is reported in the literature that bowel cleansing 
should not be routinely performed for colon surgery 
(30). 62.4% of the nurses participating in the study 
marked the wrong option. However, it is reported in 
the literature that mechanical bowel cleansing should 
not be routinely applied in preoperative period 
elective colon surgery (18, 31). Few of the nurses 
participating in the study gave correct answers. It is 
thought that nurses' knowledge gaps should be 
eliminated by in-service training and/or literature 
review on the subject.  
Venous thromboembolism (VTE); Among the causes 
of mortality and morbidity, including deep vein 
thrombosis (DVT) and pulmonary embolism, is a 
complication that can be prevented with caution (4). 
In this context, to prevent DVT, low molecular weight 
heparin (LMWH) should be administered (high level 
of evidence, strong recommendation level) and 
additionally, compression stockings should be worn 
(high level of evidence, strong level of 
recommendation) (18, 31). While the majority of the 
nurses participating in the research gave correct 
answers about the subject; It is seen that a 
considerable number of nurses do not have an 
opinion on the subject. This finding suggests that 
nurses stay away from current literature information. 
Among the knowledge questions, the statement 'a 
drain should be routinely inserted in all patients during 
the surgery' was answered correctly with a rate of 
78.5%. The presence of drain in the patient; is not 
routinely recommended because it restricts 
mobilization and does not prevent anastomotic leaks 
(26, 32, 33). As a result of the long immobilization 
process after the surgery; Insulin resistance 
increases, muscle atrophy develops, respiratory 
functions are impaired and the risk of 
thromboembolism increases (17, 26).  
Postoperative nausea and vomiting should be 
prevented. Based on that, combined antiemetics that 
prevent vomiting should be used in the intraoperative 
period (11, 17). According to the results of our 
research, 55.9% of the nurses gave the correct 
answer to prevent nausea and vomiting. For this 
result, it is seen that a lot of nurses do not know about 
preventing nausea and vomiting.  
According to ERAS protocols, the patient should be 
out of bed for two hours on the postoperative zero-
day and six hours on the other days until discharge 

(level of evidence is moderate, level of 
recommendation is strong) (16, 17, 26). It is seen that 
43% of the nurses participating in the research do not 
have an opinion on the subject. The fact that nurses 
working in surgical clinics do not have an idea about 
the subject suggests that they cannot provide 
effective care to patients who undergo surgery and 
that patients experience a delay in the wound healing 
process. 
 
Limitations 
This research was limited to the nurses working in the 
surgical clinics of the state hospital located in the 
capital city of the North Cyprus, Nicosia. 
 
CONCLUSION 
The importance of ERAS protocols is known all over 
the world by all team members in the surgical field. As 
stated in the results of our study, the mean level of 
knowledge of the nurses who received training on 
ERAS was found to be higher than those who did not. 
The level of knowledge will increase with education 
and awareness studies, active implementation of 
protocols, and/or the implementation of care 
obligations within the roles that the nurse performs 
independently on this subject, whose importance is 
well known.  
According to these results, it can be suggested that 
nurses should follow current developments and 
evidence-based guidelines on the ERAS protocol, 
planning education programs for ERAS protocol 
applications, and increase the knowledge level of 
nurses by ensuring their participation. 
 
Acknowledgement: We express our deepest gratitude to the 
nurses for their willingness to collaborate in this planned study. This 
study was presented as an oral presentation at the 2nd ERAS 
Congress held online on June, 11-13, 2021. 
Author contribution: Conception: Yıldız K, Kaya U, Aydın N; 
Design: Yıldız K, Kaya U, Aydın N; Supervision: Yıldız K, Kaya U, 
Aydın N; Funding: Yıldız K, Kaya U, Aydın N, Güzel A, Yıldız M, 
Akçalı K, Taşargöl Ö; Material: Yıldız K, Güzel A, Yıldız M; Data 
Collection: Güzel A, Yıldız M, Akçalı K; Analysis: Yıldız K, Kaya U, 
Aydın N, Taşargöl Ö; Writing: Yıldız K, Kaya U, Aydın N, Akçalı K; 
Critical Review: Yıldız K, Kaya U, Aydın N, Güzel A, Yıldız M, 
Akçalı K, Taşargöl Ö.  
Conflict of interests: There are no conflicts of interest. 
Ethical approval: The research to be implemented, written 
consents were obtained from the Ministry of Health of Northern 
Cyprus State Hospital Ethics Committee (Date: 07.05.2021, No: 
27/21). Before filling out the data collection forms, the necessary 
explanations were made for the nurses to protect their rights, and 
their written and verbal consent was obtained with the “Informed 
Consent Form”.  
Funding: No funding applied for or received. 
Peer-review: Externally peer-reviewed. 

259 



J Basic Clin Health Sci 2024; 8: 253-261   Yıldız K et al. Nurses’ ERAS Protocols Knowledge Levels 

  

REFERENCES  
1. Gündoğdu H.  Current Perioperative 

Management Strategies for Enhanced Recovery 
After Surgery. Journal of Medical and Surgical 
Intensive Care Medicine 2018;9(2):51-59.  

2. Guzel N, Yava A. The determination of 
knowledge and attitudes on enhanced recovery 
after surgery protocol of the nurses who working 
on surgical units. Journal of Zeugma Health 
Sciences 2019;1(1):15-23.  

3. Ljungqvist O, Scott M, Fearon KC. Enhanced 
recovery after surgery: a review. JAMA surgery 
2017;152(3):292-298.  

4. Rollins KE, Lobo DN, Joshi GP. Enhanced 
recovery after surgery: Current status and future 
progress. Best Practice & Research Clinical 
Anaesthesiology 2021;35(4):479-489.  

5. Ongun P, Ak ES. Assessment of knowledge 
levels of nurses working in surgical clinics about 
ERAS protocol. Med J Bakirkoy 2020;16(3):287-
94.  

6. Gundogdu RH. Cerrahi iyileşmenin 
hızlandırılması için modern teknikler. In: Eti Aslan 
F, editor. Cerrahi bakım vaka analizleri ile birlikte. 
Ankara: Akademisyen Tıp Kitabevi; 2016.p.455- 
70. 

7. Kabatas MS, Ozbayır T. Enhanced recovery after 
surgery (ERAS) protocols after colorectal 
surgery: a systematic review. Gümüşhane 
University Journal of Health Sciences 
2016;5(3):120-32. 

8. Burch J, Fecher-Jones I, Balfour A, Fit I, Carter 
F. What is an enhanced recovery nurse: a 
literature review and audit. Gastrointestinal 
Nursing 2017;5(6):43–50.  

9. Baldini G, Ferreira V, Carli F. Preoperative 
preparations for enhanced recovery after surgery 
programs: a role for prehabilitation. Surgical 
Clinics 2018;8(6):1149-1169. 

10. Hübner M, Addor V, Slieker J, Griesser AC, 
Lécureux E, Blanc C, et al. The impact of an 
enhanced recovery pathway on nursing 
workload: a retrospective cohort study Int J Surg. 
2015;24(Pt A):45-50 

11. ERAS Türkiye Derneği. Available from: 
http://eras.org.tr/page.php?id=10&saglik 
calisani=true   

12. Taurchini M, Del Naja C, Tancredi A. Enhanced 
recovery after surgery: a patient centered 
process. Journal of visualized surgery. 2018;4.  

13. Brown D, Xhaja A. (2018). Nursing perspectives 
on enhanced recovery after surgery. Surg Clin 
North Am 2018;98(6):1211- 21.1211-1221.  

14. Balfour A, Burch J, Fecher-Jones I, Carter FJ. 
Exploring the fundamental aspects of the 
Enhanced Recovery After Surgery nurse’s role. 
Nurs Stand 2019;34:70-75.  

15. Çilingir D, Candaş B. Cerrahi sonrası 
hızlandırılmış iyileşme protokolü ve hemşirenin 
rolü. [Enhanced Recovery After Surgery protocol 
and nurse’s role]. Journal of Anatolia Nursing and 
Health Sciences 2017;20(2). 

16. Birlikbaş S, Bölükbaş N. Cerrahi sonrası 
hızlandırılmış iyileşme protokolleri. [Enhanced 
Recovery After Surgery]. Ordu University Journal 
of Nursing Studies 2019;2(3):194-205. 

17. Gustafsson UO, Scott MJ, Hubner M, Nygren J, 
Demartines N, Francis N, et al. Guidelines for 
perioperative care in elective colorectal surgery: 
enhanced recovery after surgery (ERAS) society 
recommendations World J Surg. 2019;43(3):659-
95.  

18. Conn LG, McKenzie M, Pearsall EA, McLeod RS. 
Successful implementation of an enhanced 
recovery after surgery programme for elective 
colorectal surgery: a process evaluation of 
champions’ experiences. Implement Sci 
2015;10:99.  

19. Celebi E, Ilce A. Determination of knowledge 
levels of nurses working ın surgical clinics on 
ERAS protocols. In: 3. International, 11. National 
Turkish Surgical and Operating Room Nursing 
Congress Book 2019.p.392-400. 

20. Kırık MS. Kolorektal ameliyatlarda klinik alanda 
ameliyat öncesi sırası ve sonrası uygulamaların 
ERAS protokolüne uygunluğunun 
karşılaştırılması [master’s thesis]. Gaziantep: 
Sanko Üniversitesi, Sağlık Bilimleri Enstitüsü; 
2018. 

21. Bozkırlı BO, Gündogdu RH, Ersoy PE, Akbaba S, 
Temel H, Sayın T. ERAS protokolü kolorektal 
cerrahi sonuçlarımızı etkiledi mi?. Turkish 
Journal of Surgery 2012;28(3):149-52.  

22. Herbert G, Sutton E, Burden S, Lewis S, Thomas 
S, Ness A, et al. Healthcare professionals’ views 
of the enhanced recovery after surgery  
programme: A qualitative investigation. BMC 
Health Serv Res 2017;17(1):617.  

23. Steenhagen E. Enhanced recovery after surgery: 
it's time to change practice! Nutrition in Clinical 
Practice 2016;31(1):18-29.  

260 



J Basic Clin Health Sci 2024; 8: 253-261   Yıldız K et al. Nurses’ ERAS Protocols Knowledge Levels 

  

24. Mendes DIA, Ferrito CRDAC, Gonçalves MIR. 
Nursing ınterventions in the enhanced recovery 
after surgery®: scoping review. Rev Bras Enferm 
2018;71(suppl 6):2824-32.  

25. Tezber K, Aviles C, Eller M, Cochran A, Iannitti D, 
Vrochides D, et al. Implementing enhanced 
recovery after surgery (ERAS) program on a 
specialty nursing unit. J Nurs Adm 
2018;48(6):303-9. 

26. Aksoy A, Vefikulucay Yılmaz D. A new approach 
to evidence based practices in gynecological 
surgery: ERAS protocol and nursing. Turkiye 
Klinikleri J Nurs Sci 2018;10(1):49-58.  

27. Gök F, Yavuz Van Giersbergen M. Ameliyat 
öncesi aç kalma: sistematik derleme. 
[Preoperative fasting: a systematic review]. 
Pamukkale Medical Journal 2018;11(2):183-94.  

28. Arslankılıç Ç, Erdem G, Çınaroğlu NS. Cerrahide 
hızlandırılmış iyileşme protokolü: Sistematik 
derleme. [Accelerated recovery protocol in 
surgery: Systematic review]. Cerrahi 
Ameliyathane Sterilizasyon Enfeksiyon Kontrol 
Hemşireliği Dergisi 2020;1(3):15-34. 

29. Kankılıc R, Tuna A. An investigation of 
preoperative and postoperative nutrition, pain 
and early mobilisation practices in TUR-P surgery 
in relation to the ERAS protocol. KSU Medical 
Journal 2019;14(2):69-74.  

30. Clifford T. Enhanced Recovery After Surgery. 
Journal of perianesthesia nursing: official journal 
of the American Society of PeriAnesthesia 
Nurses 2016;31(2):182-183.  

31. Gustafsson UO, Scott MJ, Schwenk W, 
Demartines N, Roulin D, Francis N, et al. 
Guidelines for perioperative care in elective 
colonic surgery: enhanced recovery after surgery 
(ERAS) society recommendations. World Journal 
of Surgery 2013;37(2):259-284.  

32. Ren L, Zhu D, Wei Y, Pan X, Liang L, Xu J. 
Enhanced Recovery After Surgery (ERAS) 
program attenuates stress and accelerates 
recovery in patients after radical resection for 
colorectal cancer: a prospective randomized 
controlled trial. World journal of surgery 
2012;36(2):407-414.  

33. Alcantara-Moral M, Serra-Aracil X, Gil-Egea MJ, 
Frasson M, Flor-Lorente B, Garcia-Granero E. 
Observational cross-sectional study of 
compliance with the fast track protocol in elective 
surgery for colon cancer in Spain. Int J Colorectal 
Dis 2014;29(4):477-83.  

261 



  

  

 
 

J Basic Clin Health Sci 2024; 8: 262-270 
                https://doi.org/10.30621/jbachs.1223385 

RESEARCH ARTICLE 

 
INVESTIGATION OF CREATINE LEVELS IN 
GLIAL TUMORS USING MR SPECTROSCOPY 
 
Nadir Moustafa1, Berrin Cavusoglu2, Serhat Erbayraktar3, Emel Ada4 
 

1 Era Radiology Imaging Center, Izmir, Turkey  
2 Dokuz Eylül University, Institute of Health Sciences, Department of Medical Physics, Izmir, Turkey  
3 Dokuz Eylül University, Faculty of Medicine, Department of Neurosurgery, Izmir, Turkey  
4 Dokuz Eylül University, Faculty of Medicine, Department of Radiology, Izmir, Turkey 

 
ORCID: N.M. 0000-0003-0432-7900; B.C. 0000-0003-1997-8861; S.E. 0000-0002-2938-578X; E.A. 0000-0002-0463-
0945 
 
Corresponding author: Berrin Cavusoglu, E-mail: berrncavusoglu@gmail.com 
Received: 14.01.2023; Accepted: 03.10.2023; Available Online Date: 31.05.2024 
©Copyright 2021 by Dokuz Eylül University, Institute of Health Sciences - Available online at https://dergipark.org.tr/en/pub/jbachs 
 
Cite this article as: Moustafa N, Cavusoglu B, Erbayraktar S, Ada E. Investigation of Creatine Levels in Glial Tumors 
Using MR Spectroscopy.J Basic Clin Health Sci 2024; 8: 262-270.

INTRODUCTION 
Glial tumors account for 30% of primary brain tumors 
and originate from glial cells, which are the support 
cells in the brain. A positive diagnosis is established 
by surgery or biopsy and is used to assess prognosis 
and guide treatment. Depending on the location and 
grade of the tumor, various treatments, including 
surgery, radiotherapy and chemotherapy may be 
administered alone or in combination (1).  
Since lesions may develop from regions with different 
malignancies, the approaches to the examination of 

heterogeneity in the lesion area are quite important in 
gliomas (2). Conventional magnetic resonance 
imaging (MRI) (T1, T2, and contrast-enhanced MRI) 
is a useful clinical tool for the identification of soft 
tissue contrast and morphological changes in glioma 
patients but remains insufficient in image-based 
tumor grading (2, 3). Besides, the diagnosis and 
grading of gliomas using conventional MRI may 
sometimes be unreliable due to the sensitivity of 55–
83% in glioma grading (4). As such, alternative MRI 
approaches are needed for the investigation of tumor 

ABSTRACT 
Purpose: The present study examines the efficacy of Creatine (Cr) levels in tumor identification on single-
voxel (SV) and multi-voxel (MV) magnetic resonance spectroscopy (MRS) in patients with glial tumors. 
Material and Methods: A retrospective review was made of 20 SV and 20 MV MRS PDF images of 
patients with a pathological diagnosis of glial tumor. Cr values and metabolite ratios were measured in the 
tumor and compared with those in the healthy symmetrical brain parenchyma of the contralateral 
hemisphere. 
Results: A significant difference was noted in the (Cho+Cr)/NAA and Cho/NAA ratios on SV MRS between 
the high-grade tumors and the healthy contralateral hemisphere. On MV MRS, Cho/NAA ratios within the 
minimum and maximum Cr(h) voxels (Cho/NAAmin-Cr(h), Cho/NAAmax-Cr(h), respectively) were higher in high-
grade tumors compared to healthy tissue. ROC analysis showed that the max-Cr(h) metabolite on MV 
MRS was successful in distinguishing low-grade tumors from high-grade tumors. 
Conclusion: Using the minimum and maximum values of Cr as a reference can improve the overall 
diagnostic accuracy in the diagnosis of glial tumors. Our findings showed that Cr tended to be low in high-
grade tumors and further that the max-Cr(h) metabolite may help in the differentiation of glial tumors on 
MV MRS. 
 
Keywords: Magnetic resonance imaging, spectroscopy, glial tumors, creatine 
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metabolisms and the determination of the tumor 
grade, and to guide treatment planning. 
Magnetic resonance spectroscopy (MRS) is an MRI 
approach that plays an essential role in determining 
the type and grade of most brain tumors. Developed 
for the chemical analysis of normal or pathological 
tissues at a molecular level, MRS can detect 
malignant transformations of tumor cells and 
metabolite concentration changes in their 
metabolism, thereby being useful in the prediction of 
tumor type and grade (5, 6). Glial tumors have some 
specific metabolites depending on their grade, and 
these metabolites vary in quantity as the tumor grade 
changes. 
Creatine (Cr) is synthesized primarily from amino 
acids, and mostly in the kidneys and liver. It is 
transported to the peripheral organs in the blood and 
is referred to as an energy metabolism marker. Cr is 
a relatively constant element in the cellular energy 
metabolism of the brain and is often used as a 
reference metabolite in the calculation of such 
metabolite ratios as Cho/Cr and NAA/Cr (7). 
Previous studies have identified the same Cr levels in 
both low-grade and high-grade gliomas (8, 9), while 
other studies have reported reduced Cr levels in brain 
tumors (10, 11). Furthermore, the amount of Cr may 
vary in different parts of the same tumor, with 
elevated Cr having been identified in hypometabolic 
areas and reduced Cr in hypermetabolic areas of the 
same tumor (12). The significance of Cr levels in the 
differentiation of high- and low-grade gliomas is 
unclear. If the Cr metabolite at the tumor site is used 
as an internal standard, differences in metabolite 
ratios may be difficult to identify, and so tumor-grade 

predictions may be erroneous. Cr, which provides 
information about the energy metabolism of glial 
tumor tissue on MRS, has been reported to vary 
according to the grade of the tumor in limited studies 
(7, 13), contradicting the general understanding that 
the Cr metabolite is stable. 
In the present study, we examine the efficacy of Cr 
levels for tumor identification in single-voxel (SV) and 
multi-voxel (MV) MRS examinations in patients with 
glial tumors. We hypothesized that the ratios of Cr 
metabolite and Cr-related metabolite ratios could 
differentiate glial tumors from normal tissue. 
 
MATERIAL AND METHODS 
Subjects 
MRS images of patients who were diagnosed 
pathologically with glial tumors were analyzed 
retrospectively. The subjects included 32 patients 
who had undergone MRS due to a pre-diagnosis of 
primary brain tumor, or in a follow-up examination 
following surgical treatment, who had undergone 
surgical resection, and who were diagnosed 
pathologically with glial tumors. An SV MRS 
examination of tumor tissue and healthy symmetrical 
brain parenchyma of the contralateral hemisphere 
was performed for comparison purposes in 20 
patients, and an MV MRS examination was 
performed on 20 patients. The eight common patients 
in the two patient groups underwent both SV and MV 
examinations. Demographic and clinical data of the 
patients are presented in Table 1. All subjects 
provided written informed consent and the study 
protocol was approved by the Dokuz Eylül University 

Table 1. Demographic and clinical characteristics of participants   
 

 SV MV 

Age (years / mean ± SD) 53.25 ± 14.61 54.40 ± 14.81 

Gender (F/M) 9/11 10/10 

Total  (n) 20 20 

     Preop (n) 15 12 

     Postop (n) 5 8 

Grade II 5 6 

Grade III 5 2 

Grade IV 10 12 

F: Female, M: Male, MV: Multi-voxel, SD: Standard deviation SV: Single-voxel  
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Non-invasive Research Ethical Committee (decision 
date: February 2, 2016, decision no: 2016/04-10).   
 
MR Imaging Acquisition 
MR imaging was performed using the 1.5 Tesla 
Achieva MR scanner (Philips Medical Systems, Best, 
The Netherlands) in the Radiology Department of 
Dokuz Eylül University. First, TSE T2-weighted 
images (TR: 6000 ms, TE: 120 ms) were acquired 
with a 5-mm section thickness in the axial-sagittal-
coronal planes for voxel localization. Then, SV (TE: 
144 ms) and 2-cm thick single-section MV (TE: 288 
ms) MRS scans were acquired using the PRESS 
sequence. For SV MRS, voxels with the smallest size 
of 2 cm3 and the largest size of 9 cm3 were positioned 
within the tumor tissue and the corresponding 
contralateral healthy brain tissue (Figure 1). On the 
other hand, the voxels were positioned to include the 
tumor and the contralateral hemisphere for MV MRS 
(Figure 2). 
 
MRS Analysis 
In the SV MRS examination the Cr height (h), Cr area 
(a), Cho/NAA, and (Cho+Cr)/NAA values, calculated 
automatically by the MR unit’s computer, were 
compared with the values in the healthy contralateral 
hemisphere. In the MV MRS examination, the voxels 

were examined in the central tumor tissue and the 
areas with infiltration of the surrounding tissue, and 
the two voxels, within which the minimum and 
maximum height of the Cr (Cr(h)) metabolite were 
measured, were compared with the reference “Cr(h)” 
values within the healthy contralateral parenchyma. 
Furthermore, the Cho/NAA ratios of the tumor tissue 
within the minimum and maximum Cr(h) voxels 
(Cho/NAAmin-Cr(h), Cho/NAAmax-Cr(h), respectively) were 
compared with the Cho/NAA ratios of the healthy 
contralateral side. 
 
Statistical Analysis 
The SPSS version 24.0 (Armonk, NY: IBM Corp.) was 
used for all statistical analyses. Non-parametric tests 
were used as the sample was small and the data were 
not normally distributed. The tumors were classified 
pathologically as low grade (DII) and high grade (DIII-
DIV). A Mann-Whitney U test or a Wilcoxon test with 
Bonferroni correction were used to assess the 
differences in metabolites and metabolite ratios 
between high-grade and low-grade tumors in both 
groups. The optimal cut-off values for the metabolite 
ratios and the area under the curve (AUC) (95% 
confidence interval (CI)) were calculated using a 
receiver-operating characteristic curve (ROC) 
analysis to assess the ability to identify the tumor 

Figure 1. A 52-year-old patient with a lesion located in the right frontoparietal region. Metabolite measurements from A) tumor 
tissue and B) symmetric, healthy brain parenchyma for comparison with tumor tissue in MV MRS examination. 
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grades. A p-value of <0.05 was considered 
statistically significant. 
 
RESULTS 
The SV MRS examination revealed no difference 
between low-grade and high-grade tumors in terms of 
Cr levels or metabolite ratios. For the low-grade 
tumors, the (Cho+Cr)/NAA (p=0.043) and Cho/NAA 
(p=0.080) ratios were slightly higher in the low-grade 
group than in the normal healthy contralateral 
hemisphere but these differences were not 
statistically significant after Bonferroni correction. 
Also, there was no difference between low-grade 
tumors and normal tissue in terms of Cr(a) and Cr(h). 
For high-grade tumors, the (Cho+Cr)/NAA (p=0.001) 
and Cho/NAA (p=0.001) ratios in the tumor tissue and 
normal tissue differed. Although Cr(a) was lower in 
the high-grade group than in the normal tissue, this 
difference was not statistically significant after 
Bonferroni correction (p=0.047). The comparison of 
high-grade and low-grade tumors in the SV MRS 
examination is presented in Table 2. 
The MV MRS examination revealed a difference only 
in max-Cr(h) (p=0.035) between low-grade and high-
grade tumors, but this did not survive the Bonferroni 
correction (Table 3). For low-grade tumors, no 
statistical difference was found in the measurements 

of the tumor and the healthy contralateral 
hemisphere. For high-grade tumors, the Cho/NAAmin-
Cr(h) (p=0.001) and Cho/NAAmax-Cr(h) (p=0.001) values 
between the tumor tissue and normal tissue were 
different (Table 4).  
To assess the ability of MRS to differentiate between 
tumor tissue and normal healthy tissue, cut-off values 
for metabolites/metabolite ratios were calculated with 
a ROC curve analysis. On MV MRS, Cho/NAAmin-Cr(h) 
ratio had the highest with an AUC value of 1.000 [95% 
CI: 1.000–1.000] and a cut-off value of 1.21 
(sensitivity = 100%, specificity = 100%) for 
differentiating tumor tissue from normal tissue in high-
grade tumors. The AUC, sensitivity, and specificity 
values of ROC curve analysis are presented in Table 
5.  
While the ROC curve analysis failed to differentiate 
between low-grade and high-grade tumors in the SV 
MRS examination, the MV MRS examination 
revealed that only max-Cr(h) had an AUC value of 
0.804 [95% CI: (0.600–1.000)] and a cut-off value of 
2212.5 (sensitivity = 83%, specificity = 64%). 
 
DISCUSSION 
In this study, we investigated the role of Cr metabolite 
in the differentiation of tumor tissue from normal 
tissue, and its ability to identify tumor grade in 

Figure 2. A 67-year-old patient with a lesion adjacent to the falx in the left frontal lobe. Metabolite measurements from 
A) tumor tissue and B) healthy contralateral frontal lobe for comparison with tumor tissue in SV MRS examination. 
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Table 2. Comparison of measurements made from tumor and normal parenchyma in cases with low and high-grade tumors in SV MRS examination 
 

Metabolites Localization 
Low Grade (grade II) High Grade (grade III-IV) 

Mann Whitney  
p-value 

Mean ± SD Range p-valuea Mean ± SD Range p-valuea 

Cr(a) 
Tumor 91.0 ± 68.9 55.0 – 214.0 

0.893 
100.3 ± 62.3 35.0 – 237.0 

0.047 
0.735 

Normal 88.6 ± 47.1 40.0 – 154.0 132.7 ± 70.9 56.0 – 283.0 0.168 

Cr(h) 
Tumor 1207.2 ± 1019.2 598.0 – 3022.0 

0.893 
1133.2 ± 661.2 355.0 – 2173.0 

0.281 
0.866 

Normal 1121.4 ± 644.3 407.0 – 1983.0 1274.3 ± 562.6 706.0 – 2839.0 0.672 

(Cho+Cr)/NAA 
Tumor 3.8 ± 2.0 1.7 – 6.0 

0.043 
6.5 ± 4.9 1.5 – 17.5 

0.001 
0.497 

Normal 1.2 ± 0.2 1.0 – 1.5 1.4 ± 0.5 0.7 – 2.5 0.395 

Cho/NAA 
Tumor 2.5 ± 1.6 0.6 – 4.5 

0.080 
4.8 ± 3.8 1.1 – 13.5 

0.001 
0.266 

Normal 0.7 ± 0.2 0.5 – 0.9 0.8 ± 0.3 0.3 – 1.4 0.445 

a: Area, Cho: Choline, Cr: Creatine, h: Height, NAA: N-acetyl aspartate 
A: Wilcoxon signed ranks test. 
Statistically significant results that survived Bonferroni correction for multiple comparisons (p≤0.0125) are highlighted in bold and italics. 
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Table 3. Comparison of measurements made from tumor and normal parenchyma in cases with low and high-grade tumors in MV MRS examination 
 

 Low Grade (grade II) High Grade (grade III-IV)  

 Mean ± SD Range Mean ± SD Range p-value 

Cr (N) 2020.7 ± 630.6 1010.0 – 2880.0 1516.2 ± 726.5 386.0 – 2530.0 0.216 

Cho/NAA (N) 0.2 ± 0.1 0.1 – 0.4 0.3 ± 0.2 0.1 – 0.9 0.385 

min-Cr(h) (T) 1793.5 ± 963.3 650.0 – 3062.0 1459.6 ± 649.9 260.0 – 2330.0 0.117 

Cho/NAAmin-Cr(h) (T) 2.0 ± 1.2 0.7 – 3.7 3.8 ± 2.7 1.6 – 9.9 0.099 

max-Cr(h) (T) 3277.0 ± 1065.9 2040.0 – 4742.0 2046.5 ± 909.8 674.0 – 4224.0 0.035 

Cho/NAAmax-Cr(h) (T) 1.5 ± 1.2 0.3 – 3.4 2.8 ± 2.2 0.3 – 7.4 0.248 

Cho: Choline, Cr: Creatine, h: height, NAA: N-acetyl aspartate, N: Measurements from normal healthy parenchyma tissue, T: Measurements from tumor tissue  
Statistically significant results that survived Bonferroni correction for multiple comparisons (p≤0.0125) are highlighted in bold and italics. 

 
 

Table 4. Comparison of measurements made from tumor and normal parenchyma in MV MRS examination 
 

 Low Grade High Grade 

 p-value p-value 

min-Cr(h) 0.600 0.198 

max-Cr(h) 0.028 0.084 

Cho/NAAmin-Cr(h) 0.028 0.001* 

Cho/NAAmax-Cr(h) 0.028 0.001* 

Cho: Choline, Cr: Creatine, h: height, NAA: N-acetyl aspartate. Statistically significant results that survived Bonferroni correction for multiple comparisons (p≤0.0125)  
are highlighted in bold and italics. 
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patients with glial tumors on SV and MV MRS. In the 
MRS examinations of the patients, measurements 
were made in the tumor and the corresponding 
symmetrical healthy brain parenchyma of the 
contralateral hemisphere to compare. The Cho/NAA 
and (Cho+Cr)/NAA ratios were significantly higher in 
the high-grade tumors than in the healthy 
contralateral hemisphere on SV MRS. On MV MRS, 
Cho/NAAmin-Cr(h) and Cho/NAAmax-Cr(h) ratios were 
higher in high-grade tumors compared to healthy 
tissue. ROC analysis showed that only the max-Cr(h) 
metabolite was successful in differentiating high-
grade tumors from low-grade tumors on MV MRS in 
accordance with our hypothesis. Moreover, the 
Cho/NAAmin-Cr(h) ratio has the highest diagnostic 
performance to differentiate tumors from healthy 
tissue in high-grade tumors. 
There is a lack of consensus in the literature on the 
level of Cr in glioma tumors. MRS studies found the 
amount of Cr metabolite to be low in high-grade glial 
tumors (14). The amount of Cr shows that its 
synthesis from astroglia increases as a reaction to the 
infiltrative growth of tumor cells (15). Xiaojuan et al. 
found that the Cr level changed in different areas of 
the same lesion, with a decrease in some areas of the 
tumor and an increase in others (16). Our study 
identified different amounts of Cr, which is used as a 
constant in ratios such as Cho/NAA and 
(Cho+Cr)/NAA, within different voxels on MV MRS in 
tumor tissue and healthy brain parenchyma. We 
found a trend for a lower Cr(h) in high-grade tumors 
on MV MRS. Moreover, the ROC analysis revealed 
the Cho/NAA ratio within the voxels containing 
maximum Cr(h) had higher diagnostic accuracy than 
those in high-grade tumors. Therefore, this finding 
suggests that using minimum and maximum Cr(h) as 

a reference may play an important role in diagnostic 
assessment. 
It is very important to identify tumor grade before 
planning effective treatment. Non-invasive glioma 
grading is still considered challenging, despite its 
important role in the prognosis and management of 
patients (8). MRS is being used increasingly as a non-
invasive method for the detection and grading of brain 
tumors, and the diagnostic accuracy in tumor grading 
can thus be further improved (8, 17). Previous studies 
have demonstrated the potential of MRS to 
differentiate between low-grade and high-grade 
gliomas, and have made frequent use of the 
Cho/NAA ratio to identify the glioma grade (3). This 
seems to be related to the elevated Cho, which is 
caused by an increase in cell membrane turnover due 
to tumor cell proliferation and reduced NAA values 
due to the tumor cells pushing and replacing the 
neuronal structures and damaging the neurons. Hsu 
et al. reported the (Cho+Cr)/NAA ratio to be the most 
significant predictive value for the differentiation of 
glial tumors of different grades when compared to 
other metabolites (18). Our study could not make any 
grade differentiation for Cho/NAA or (Cho+Cr)/NAA 
metabolite ratios, although the max-Cr(h) metabolite 
tended to be lower in high-grade glial tumors on MV 
MRS, but did not survive a Bonferroni correction. On 
the other hand, the ROC analysis revealed the max-
Cr(h) to be successful in differentiating between low-
grade and high-grade gliomas, with a sensitivity of 
83% and a specificity of 64%. These findings suggest 
that Cr is increased in tumor tissue before the 
Cho/NAA increase and the tumor grade increase. 
However, given the limited data further studies are 
needed to confirm the efficacy of the Cr metabolite. 
A potential limitation of our study is the small number 
of cases with low-grade tumors, thus, the results of 

Table 5. Sensitivity, specificity, and AUC values of metabolite ratios for differentiation tumor from normal parenchyma 
in high-grade tumors. 
 

  Cutoff Sensitivity % Specificity % AUC ± SE 

SV 
(Cho+Cr)/NAA 2.59 93 100 0.973 ± 0.028 

Cho/NAA 1.73 93 100 0.985 ± 0.017 

MV 
Cho/NAAmin-Cr(h) 1.21 100 100 1.000 ± 0.000 

Cho/NAAmax- Cr(h) 0.57 93 93 0.959 ± 0.035 

AUC: Area under the curve, Cho: Choline, Cr: Creatine, MV: Multi-voxel, NAA: N-acetyl aspartate, SV: Single-voxel 
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this study should be interpreted as preliminary. 
Therefore, the study findings could be improved upon 
with further studies involving larger patient groups. 
 
CONCLUSION 
In conclusion, in the present study, Cho/NAA 
metabolite ratio within the voxels containing the 
minimum Cr(h) on MV MRS was found to have high 
diagnostic performance in differentiating between 
tumor tissue and normal tissue in high-grade tumors. 
Moreover, the max-Cr(h) metabolite on MV MRS was 
shown to have good diagnostic performance in 
differentiating between high-grade and low-grade 
tumors. We, therefore, suggest that using minimum 
and maximum Cr(h) as a reference on MV MRS might 
improve the overall diagnostic accuracy in the 
diagnosis of glial tumors. 
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INTRODUCTION 
Sepsis is an infection that causes systemic 
inflammatory response syndrome. It can lead to 
septic shock, tissue damage, multiple organ 
dysfunction syndrome, acute respiratory distress 

syndrome, and acute lung injury (ALI). Even severe 
sepsis can result in death (1). In sepsis, lung 
dysfunction is the first sign of multi-organ failure. ALI 
and acute respiratory distress syndrome are common 
complications in the intensive care unit and are 

ABSTRACT 
Purpose: The most significant pathogen hypothesized to be causing the formation of Acute lung injury 
(ALI) in sepsis is thought to be lipopolysaccharide (LPS), a key endotoxin component of gram-negative 
bacteria. The main objective of this study is to determine possible anti-inflammatory effects of crocin (CRO) 
which has many biological properties such as anti-inflammatory, antioxidant, and anti-apoptotic in LPS-
induced ALI. 
Material and Methods: 40 Wistar albino rats were divided into four groups: Control (no treatment), CRO 
(given 50 mg/kg crocin for 9 days), LPS (given 30 mg/kg LPS at 9th day), LPS+CRO (given 50 mg/kg 
crocin for 9 days and 30 mg/kg LPS at 9th day). After experimental, rats were sacrificed and lungs were 
extracted. Histological examinations were performed in the lung tissue and the changes in the HMGB1 
and TLR4 expressions were determined via immunohistochemical staining. 
Results: Hemorrhage, HMGB1 and TLR4 expressions significantly increased in the LPS group. However, 
CRO administrations exerted a strong protective effect on the lungs in terms of these parameters in 
LPS+CRO group.  
Conclusion: According to our results, we suggest that CRO can be considered as a protective agent 
against LPS induced ALI via inhibition of HMGB1/TLR4 pathway-mediated inflammatory response. 
 
Keywords: Acute lung injury, crocin, inflammation, lipopolysaccharide 
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responsible for significant morbidity and mortality (2, 
3).  The main damage of ALI is the destruction of the 
pulmonary capillary endothelium and alveolar 
epithelium. This destruction occurs under the 
influence of numerous inflammatory mediators, 
including tumor necrosis factor-alpha (TNF-α), 
interleukins (ILs), and oxygen metabolites released 
by active neutrophils and macrophages (2). 
Lipopolysaccharide (LPS), a compound in the outer 
membrane of gram-negative bacteria, is a compound 
that impairs the immune function of many organs by 
triggering a biological inflammatory response (4). 
LPS-induced sepsis is a useful tool for studying the 
inflammatory process. Therefore, LPS is often 
applied to create an experimental model of 
inflammation (5, 6).  
High mobility group box 1 (HMGB1) has been 
identified as a mediator in endotoxemia and sepsis. 
HMGB1 is secreted actively by innate immune cells 
(macrophages, monocytes) and passively by necrotic 
cells as a critical inflammatory mediator in cases of 
sepsis, shock, autoimmune diseases, and chronic 
inflammation. After HMGB1 is released into the 
extracellular environment, it binds to receptors such 
as Receptor for advanced glycation end-products 
(RAGE) and Toll-like Receptors (TLR), activating 
inflammatory responses (1, 7, 8). The overexpression 
of HMGB1 suggests that it may be an important 
therapeutic target in fatal systemic inflammatory 
diseases such as severe sepsis. Various studies 
have shown that the inflammatory reaction in the lung 
is significantly reduced by blocking HMGB1 (9, 10). 
TLR family consists of 10 members (TLR1-TLR10) 
(11). TLR4, a member of the TLR family, is a key 
receptor for innate immunity and cytokine release that 
mediates HMGB1-induced macrophage activation 
(8). Stimulation of TLR4 can activate the nuclear 
factor kappa B (NF-𝜅B) protein. Activation of NF-𝜅B 
leads to the induction of genes encoding 
proinflammatory cytokines such as IL-6 and TNF-𝛼 
(12). LPS affects the TLR4/NF-𝜅B signaling pathway 
by binding to cell surface receptors and also 
increases inflammation by activating inflammatory 
cascades in ALI (13). Highly effective 
pharmacotherapy is urgently needed for the 
treatment of acute inflammatory diseases such as ALI 
caused by sepsis caused by LPS. 
Crosin (CRO), a bioactive natural product; It has anti-
hypertensive, anti-depressant, anti-atherosclerotic, 
anti-platelet aggregation and nephron-protective 
properties as well as anti-oxidant activities and anti-

inflammatory properties (14, 15). These properties of 
CRO make it interesting as a therapeutic agent. CRO 
is isolated from Gardenia Jasminoides Ellis and 
Crocus sativus (saffron). CRO, a water-soluble 
carotenoid, gives saffron its red color. (16). Saffron is 
grown in many parts of the world such as Iran, India, 
Greece, Spain, Turkey, Italy, Azerbaijan and China 
(17). The widespread cultivation of CRO shows that it 
can be easy to reach. 
Elimination of inflammation that develops by 
activating TLR4 and NF-𝜅B pathways by LPS or 
HMGB1 may lead to the prevention of possible ALI. 
For this purpose, reducing HMGB1 release from cells 
stimulated with LPS may prevent the activation of this 
pathway. Thus, TLR4 is not stimulated and the 
pathway does not become functional. Also, not 
activating NF-𝜅B does not induce genes encoding 
proinflammatory cytokines such as IL-6 and TNF-𝛼. 
Therefore, inflammation does not develop and the 
anti-inflammatory properties of CRO may inhibit the 
development of ALI. The aim of this study is to 
demonstrate the anti-inflammatory potential of CRO 
which has many biological properties on LPS-induced 
ALI’de. For this purpose, LPS-induced damage in the 
lung tissue were evaluated by histological methods 
and HMGB1 and TLR4 expressions were detected by 
immunohistochemical statining. 
 
MATERIAL AND METHODS 
Animals 
This study was conceived and carried out at Erciyes 
University's Drug Application and Research Center in 
Turkey. The Experimental Animal and Local Ethics 
Committee of Erciyes University approved the 
experimental procedure used in this investigation on 
02.06.2021 (Decision Number: 21/138) and 
08.12.2022 (Decision Number: 22/270). Hakan 
Cetinsaya Experimental and Clinic Research Center, 
Erciyes University, provided a total of 40 male Wistar 
albino rats (8 weeks old, weighing 200-250 g).  The 
rats were housed in cages in the typical order of the 
day, at 21°C and 12 hours of light/dark, with their 
water and nutrient needs met ad libitum.  
 
Chemicals 
Crocin (CRO) was purchased from Sigma-Aldrich 
(CAS: 42553-65-1). The purity of powdered CRO was 
approximately 90% according to the manufacturer's 
statement and it was dissolved in methanol and 
diluted in serum physiologic solution for the 
intraperitoneal injections to experimental animals 
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according to literatüre (18). LPS was also purchased 
from Sigma-Aldrich (L4130-100MG) and distilled 
water was used as a solvent to prepare LPS for 
administrations. 
 
Experimental protocol 
The sample size of this experimental study was 
calculated by power analysis using the G*Power v3.1 
software. There was a total of 40 rats in 4 groups, 
90.94% power expectation was found with 10 rats in 
each group. The count of animals in experimental 
groups was determined according to these results.  
The rats were put into four groups at random, each 
with ten rats. The following are the groups that were 
formed: 

1. Control group (n=10) : No treatment. 
2. LPS group (n=10) : 30 mg/kg 

lipopolysaccharide was intraperitoneally 
administered to rats six hours before 
sacrification (18). 

3. CRO group (n=10) : 50 mg/kg crocin 
was intraperitoneally administered to rats for 
9 days (19). 

4. LPS +CRO group (n=10): For 9 days, 50 
mg/kg crocin was injected to rats 
intraperitoneally and 30 mg/kg 

lipopolysaccharide was administered 30 
minutes after the last crocin administration. 

Six hours following LPS treatment, animals were 
sedated with Ketamine (70 mg/bw) and Xylazine (10 
mg/bw), and lung tissues were removed for 
histological and immunohistochemical analyses. 
Histological evaluation 
The lung tissues were histologically evaluated using 
standard histological techniques. For 24–48 hours, 
tissues were fixed in 10% formaldehyde, dehydrated 
with an alcohol series, cleared with xylene, and 
embedded in paraffin blocks. They were then cut into 
5μm thick sections. 
 
Hematoxylin-eosin (H&E) staining 
The histological alterations in the lung tissue were 
determined using hematoxylin and eosin (H&E) 
staining (20). Images were captured and processed 
using a light microscope (Leica DM IL LED; Leica 
Microsystems, Germany). The study group looked at 
the structure of the lung tissue. 
 
Immunohistochemistry 
The immunohistochemistry method was applied to 
determine the alterations in the expression levels of 
HMGB1 and TLR4 antibodies as described in earlier 
studies of our research team. The blocks of paraffin 

 
Figure 1. Light microscopy of lung tissue of experimental animals stained with H&E staining protocol. Hemorrhagic regions (red 

arrows). Scale bar = 50 μm 
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were cut into 5 m lengths. Xylene was used for the 
deparaffinization of the tissues, and they hydrated 
with an alcohol series. Sections were put in a sterile 
urine cups containing 0.01 M citrate buffer and heated 
in a microwave oven at 350 W for antigen retrieval. 
Phosphate-buffered saline (PBS) was used to wash 
the slices three times for five minutes each time. The 
slices were treated with 3 percent (w/v) H2O2 for 10 
minutes to reduce endogenous peroxidase activity. 
After being rewashed three times with PBS and 
stored in the incubation tank for five minutes, the 
sections were treated with Ultra V Block solution. 
HMGB1 (Anti HMGB1 antibody, E-AB-70044, 
Elabscience, USA) and TLR4 (Anti TLR4 antibody, 
bs-20594R, Bioss Antibodies, USA) antibodies 
diluted in a 1:75 ratio were then applied to the tissues 
overnight at 4°C. Slices were rewashed three times 
with PBS the next morning before being incubated 
with the secondary antibody for 10 minutes (TA-125-
HDX, Thermo Fisher Scientific, Waltham, MA, USA). 
The immunoreaction was amplified using 
streptavidin–avidin–peroxidase solution after 
rewashing with PBS, and the lung sections were seen 
with 3,3-p-diaminobenzidine tetrahydrochloride (TA-
060-HDX, Thermo Fisher Scientific, Waltham, MA, 
USA) (21). The photographs were taken with a light 
microscope. At least ten randomly chosen fields in 
each slide were scored at x20 magnification. Based 
on histological findings, the immunoreactivity was 

evaluated on a scale of 0 to 3, with 0 denoting no 
staining and 1, 2, and 3 denoting less staining, 
moderate staining, and high staining, respectively 
(22). 
 
Statistical analysis 
All quantitative data were statistically analyzed via 
using GraphPad Prism v9.0 for MacOS (GraphPad 
Software, La Jolla, California, USA). To determine the 
data's normal distribution, the D'Agostino Pearson 
omnibus test was performed. Comparison of the 
quantitative variables was determined using Kruskal-
Wallis and Tukey's post-hoc test. p<0.05 was used to 
determine statistically significant differences. 
 
RESULTS 
Histopathological findings 
Lung tissue sections of the control and CRO groups 
showed normal histological appearance. 
Hemorrhagic areas were observed in the lung tissue 
of the LPS group. Hemorrhagic areas were observed 
to be reduced in the LPS+CRO group. Histological 
images of all groups are shown in Figure 1.  
 
Immunohistochemical findings  
HMGB1 and TLR4 expressions were observed in the 
lung tissue. In the LPS group, HMGB1 expressions 
substantially raised compared to Control and CRO 
groups (p<0.0001). However, In the LPS+CRO 

 
Figure 2. A. Immunohistochemical staining of HMGB1 in lung sections. Black arrows show the immunohistochemically stained 
areas. Scale bar: 50 μm. B. Statistical analysis of the immunoreactivity score among experimental groups. *= p<0.05, **= p<0.01, 
***= p<0.001, ****= p<0.0001 
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group, HMGB1 expressions were statistically lower 
when compared with those in the LPS group 
(p<0.0001) and were similar to the expression levels 
in the Control and CRO groups. The differences in the 
expression levels of HMGB1 and the statistical 
analysis of immunoreactivity score of experimental 
groups are presented in the Figure 2 and Table 1. 
The expression levels of TLR4 are also significantly 
increased in the LPS group when compared with 
Control and CRO groups (p<0.0001). Similarly, CRO 
administrations were significantly preserved the lung 
tissue against increased TLR4 expressions in the 
LPS+CRO group compared to LPS group (p<0.0001). 
The differences in the expression levels of TLR4 and 
the statistical analysis of immunoreactivity score of 
experimental groups are presented in the Figure 3 
and Table 1. 
 
DISCUSSION 
Sepsis, one of the deadliest diseases worldwide, 
often leads to multi-organ failure due to an 
uncontrolled inflammatory response. Sepsis is often 
associated with organ dysfunction induced by 
dysregulation of the host defense against infection. 
The lung is the most critical and vulnerable organ to 
sepsis. ALI is a common inflammatory injury caused 
by sepsis (23). The fact that the oxygen taken by the 
lungs is used in many tissues and organs shows that 
other organs are also affected in ALI besides the lung. 
Therefore, this condition, in which all organs are 
affected, can result in death in severe sepsis. The 
rate of deaths due to sepsis shock is unsettling and 
studies on therapeutic methods are important. 
Herbal-derived agents are used in public health as 
therapeutic agents in lung injuries as well as in many 
diseases. CRO, one of the active compounds of 
saffron, has been shown in various studies to have 
antioxidant, anti-cancer, anti-depressant, analgesic, 
anti-atherosclerosis and anti-inflammatory properties 
(19, 24). When the literature was carefully examined, 
very few studies were found showing the protective 
effects of CRO on tissue damage caused by LPS (19, 
24-26). Therefore, in this study, we aimed to 
investigate the protective effect of CRO on LPS-

induced acute lung injury through its potential anti-
inflammatory effects. 
Many studies have reported that endotoxin-induced 
sepsis causes severe damage to the lung tissue of 
experimental animals. Some studies have shown that 
sepsis caused by LPS applications causes many 
histopathological changes such as decreased 
pulmonary alveolar number and alveolar wall 
thickness, cell infiltration and hemorrhagic areas in 
the lungs of experimental animals (4, 27, 28). In our 
study, LPS application caused histopathological 
changes in the lung tissue, similar to previous studies. 
Our histological evaluations showed that this damage 
was in the form of hemorrhagic areas. Our 
histopathological scoring also supports these 
evaluations significantly. In the lungs of the rats to 
which we applied CRO preventively before LPS 
application, these damages were reduced and 
histopathological scoring decreased significantly. To 
understand the inflammatory mechanism of this 
improvement, we also evaluated HMGB1 and TLR4 
immunoreactivities in lung tissue. The damage 
mechanism of inflammation includes binding to TLR2 
and TLR4, which mediates HMGB1-dependent 
activation of macrophage cytokine release. 
Extracellular HMGB1 mediates sterile inflammation. 
HMGB1 binds to the receptor for TLR4, causing cells 
to release inflammatory cytokines. Therefore, 
HMGB1 and TLR4 activation is an important marker 
in the inflammation pathway (19, 29). Several studies 
have reported significantly increased expressions of 
HMGB1 and TLR4 in lung tissue in models of LPS-
induced infection (30-32). 
Treatment of LPS-induced ALI showed inhibition of 
inflammatory reactions by suppression of the 
HMGB1-mediated TLR4/NF-𝜅B pathway (33). 
Previous studies have reported that CRO attenuates 
lipopolysaccharide-induced acute lung injury (25, 26). 
Also, results suggested that CRO can inhibit the NF-
𝜅B and HMGB1 inflammatory pathway activation in 
LPS-induced acute respiratory distress syndrome 
mice and LPS-stimulated human umbilical vein 
endothelial cells (26). In this study, unlike other 
studies, TLR4 expression was analysed. In our study, 

Table 1.  Scoring of experimental groups. 
 

Groups Control LPS CRO LPS+CRO p 
HMGB1 immunoreactivity 1 (0-2)a 3 (1-3)b 1 (0-3)a 1 (1-3)a 0.0001 
TLR4 immunoreactivity 0 (0-1)a 1 (0-2)b 0 (0-1)a 0 (0-1)q 0.0001 

Data are expressed as median (min-max). There is no significant difference between groups with the same letter.  p<0.0001 

 

275 



J Basic Clin Health Sci 2024; 8: 271-278   Tayfun C et al. Crocin prevents lung damage caused by LPS 
 

  

we measured HMGB1 and TLR4 immunoreactivities 
to understand the mechanism of histopathological 
changes in lung tissue. HMGB1 and TLR4 
immunoreactivities were found to be significantly 
higher in the lungs of animals to whom we had LPS 
applied. This significant value indicates that cellular 
damage is mediated by inflammation. It is reported 
that the pharmacological effects of conventional 
drugs and inflammatory inhibitors against HMGB1 will 
become new therapeutic approaches for lung 
diseases (34). Anti-inflammatory effects of CRO in 
various tissues and organs have been reported  (34, 
35). In our study, HMGB1 and TLR4 
immunoreactivities were significantly reduced in the 
lungs of rats to whom CRO was administered for 9 
days before LPS administration. The decrease in 
HMGB1 and TLR4 immunoreactivity is clear evidence 
that CRO has a protective effect against LPS-induced 
inflammation. 
 
CONCLUSION 
According to our histopathological analysis and 
immunohistochemical results, CRO exerted a 
protective effect at the dose of 50 mg/kg via 
attenuating histopathological changes and 
suppressing the inflammatory response in the lung 
tissue. CRO administrations can be considered as a 
protective treatment for the elimination of the negative 
effects of endotoxin-induced acute lung injury and it 

should not be ignored in the future clinical studies. In 
addition, in order to better understand the protective 
effect of CRO, whether it is associated with different 
cellular mechanisms may be a subject of research for 
future studies. 
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INTRODUCTION 
In individuals with lower extremity amputation, 
walking ability is affected due to the loss of part of the 
locomotor system. Prosthetic rehabilitation is 
required to restore mobility and functional restoration 
(1, 2). In the rehabilitation process, prosthesis 
satisfaction plays an important role in the functional 
use of the prosthesis. Socket features must be 
suitable for fit, which is one of the most important 
factors affecting prosthesis satisfaction (3). The 

socket is very important as it is the part of the 
prosthesis that comes into contact with the user. The 
socket is the part where the prosthesis comes into 
contact with the residual limb and body weight is 
transferred to the prosthesis through the socket (4).  
Transmission of movements in the residual limb to 
other prosthetic elements is also achieved through 
the socket (5). Socket fit is the most considerable 
factor affecting rehabilitation for both clinicians and 
amputees (6, 7). In individuals with lower extremity 

ABSTRACT 
Purpose: The aim of this study was to translate the Comprehensive Lower Limb Amputee Socket Survey 
(CLASS) into Turkish and examine its reliability and validity in lower limb amputees. 
Materials and Methods: This cross-sectional study included 97 lower limb amputees. Cronbach's alpha 
coefficient was used to evaluate internal consistency, and intraclass correlation coefficient was used to 
evaluate test-retest reliability. The retest of the CLASS was applied one week later. The satisfaction with 
the prosthesis subscale of the Trinity Amputation and Prosthesis Experience Scale (TAPES) was used to 
assess convergent validity. 
Results: The mean age of the participants was 46.78±15.04 years and 71.1 % were male. Internal 
consistency was found to be high for all domains of the Turkish CLASS (Cronbach's alpha ranged from 
0.81 to 0.90). Test-retest reliability was found to be high (intraclass correlation coefficient ranged from 
0.82-0.95). A significant relationship was found between all domains of the CLASS and TAPES prosthesis 
satisfaction subscale (r=0.553 for stability domain, r=0.509 for suspension domain, r=0.482 for comfort 
domain, r= 0.444 for appearance domain, p<0.001). 
Conclusion: The results of this study showed that the Turkish version of the CLASS is a reliable and valid 
tool for assessing user’s perception about socket fit in lower limb prosthesis users. 
 
Keywords: Prostheses, surveys, socket fit, amputee, reliability, validity 
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amputation, a safe and comfortable socket provides 
stable transfer of the load from the residual limb to the 
prosthesis, increasing functionality in daily living 
activities (8). If the socket is not a good fit, ulcers may 
occur on the residual limb due to localized pressure 
and shear stresses. These conditions complicate the 
use of prosthesis, and have a negative effect on 
mobility and daily activities (9). 
The design, manufacture, and implementation of the 
socket is a time-consuming process for both the user 
and the prosthetist, and may require multiple service 
visits for individuals with amputations (8, 10). Socket-
related evaluations are of great importance to ensure 
socket fit in the shortest time and most effectively. An 
initially well fitting socket can become incompatible 
over time due to volume changes in the residual limb, 
which can lead to skin-related discomfort and gait 
disturbances (11). Therefore, socket-related 
evaluations should be carried out at regular intervals. 
There are many techniques that for the 
biomechanical evaluation of socket fit (10, 12, 13). 
However, it is also necessary to evaluate the 
feedback of the prosthesis user about the socket. 
Patient-reported outcome measures are of great 
importance in ensuring patient-centred clinical 
management, evaluating the effectiveness of clinical 
interventions from the patient's perspective, and 
improving health care quality (14). 
Various socket designs and suspension systems are 
currently available for individuals with lower extremity 
amputation (5, 15-17). User experiences should be 
evaluated to make it easier for clinicians to make 
decisions about prosthetic parts (18). There are 
various scales evaluating prosthesis satisfaction in 
Turkey (19, 20). However, since the socket is in 
contact with the residual limb and is the most 
important part for the comfort of the prosthesis, it 
should be evaluated in detail. The pressure 
distribution between the residual limb and the socket 
may vary during stair climbing and walking activities 
(21). Therefore, querying the socket-related 
parameters during different activities provides more 
accurate results. The Comprehensive Lower Limb 
Amputee Socket Survey (CLASS) is an easy and 
quick patient reported outcome measurement for the 
evaluation of the stability, suspension, comfort and 
appearance of the prosthetic socket during different 
activities (22). The purpose of the current study was 
to examine the reliability and validity of the Turkish 
version of CLASS. 
 

MATERIAL AND METHODS 
Study Design and Ethical Approval 
This prospective cross-sectional screening study was 
conducted in a Prosthesis-Orthosis Service in Ankara 
between June 2021 and December 2022. The study 
was approved by Ethics Committee of Ankara 
Yıldırım Beyazıt University, in accordance with the 
Declaration of Helsinki (Decision Date: 14.06.2021, 
No: 68). 
 
Translation and cultural adaptation 
Translation was carried out in accordance with the 
Patient Reported Outcomes Measures principles of 
translation and cultural adaptation (23). Translation 
permission was received from the CLASS developers 
by the project manager in December 2020. After 
obtaining translation permission, the necessary 
Ethics Committee permission was obtained to start 
the study. Two forward translations were made by two 
native Turkish speaker translators living in Turkey 
who are experienced in translation in the field of 
health. The translators were informed about lower 
extremity prostheses, sockets and the purpose of the 
study. The forward translations were checked for 
inconsistencies, and discrepancies were resolved by 
consensus. Reconciliation decisions were reviewed 
by the project manager. Two back translations were 
then made by two native English speaker translators 
who are experienced in translation in the field of 
health. The back translations were compared with the 
original version and reviewed for inconsistencies, and 
again discrepancies were resolved by consensus. All 
the translations were compared with each other and 
with the original version. Conceptual equivalence 
between source and target language was achieved. 
In the original version of the CLASS, statements 
about stability, suspension, comfort, and appearance 
are written once, and the activities of sit, stand, walk, 
ascending and descending stairs are listed at the 
bottom (My socket is comfortable when I “…”). In the 
Turkish version, it was decided that it could not be 
understood because “…” is at the beginning of the 
sentence, and it was decided to repeat the phrase for 
each activity. (My socket is comfortable when I sit, My 
socket is comfortable when I stand etc.) The obtained 
translation was applied to 12 lower extremity 
prosthesis users who were Turkish native speakers 
and its comprehensibility was evaluated. All the 
prosthesis users stated that the questionnaire items 
were comprehensible and clear. The project manager  
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reviewed the results of the cognitive debriefing, and 
no changes were required at this stage. Proofreading 
was performed to correct minor errors before the 
translated questionnaire was used among the target 
population. 
 
Participants 
Criterion sampling method was used in the study. The 
study included individuals aged ≥18 years, who had 
unilateral lower extremity amputation, had been using 
their current prosthesis for at least 3 months, and 
were literate in Turkish.  The informed consent was 
obtained from volunteers.  After applying the Turkish 
version of CLASS, the retest was applied one week 
later to 37 randomly selected participants. 
 
Outcome measures 
The demographic and prosthesis-related information 
of the individuals was questioned and recorded. The 
CLASS and the satisfaction with the prosthesis 

subscale of the Trinity Amputation and Prosthetic 
Experience Scale (TAPES) were applied after 
questioning age, gender, level of amputation, reason 
for amputation, duration of prosthesis use, Medicare 
Functional Classification Level (24). 
CLASS is an easy and quick self-report questionnaire 
that assesses the stability, suspension, comfort, and 
appearance of the prosthetic socket in lower 
extremity prosthesis users. It includes a total of 15 
items; 12 items evaluating stability, suspension and 
comfort in sitting, standing, walking and stair climbing 
activities, and 3 items evaluating appearance during 
sitting, standing and wearing tight trousers. The 
questionnaire is scored using a 4-point Likert-type 
scale of 1= strongly disagree, 2= Disagree, 3= Agree, 
4= Strongly agree. The percentage system equivalent 
of each subscale score and the total score were 
calculated. A high score indicates high socket 
satisfaction (22). 
The TAPES satisfaction with the prosthesis subscale 
was used to assess criterion-based validity. This 
subscale includes 10 items scored with a 5-point 
Likert-type scale. A high score indicates high 
prosthesis satisfaction (20). The TAPES satisfaction 
with the prosthesis subscale was selected because 
prosthesis satisfaction is related to socket fit and this 
scale was previously used as a validation measure in 
the Persian version of CLASS (25).  
 
Statistical Analysis 
The obtained data were analyzed using IBM SPSS 
25.0 for Windows software (SPSS Inc., Chicago, IL, 
USA). Internal consistency for homogeneity and test-
retest reliability for reprodubility were analyzed. 
Internal consistency was assessed using the 
Cronbach's alpha coefficient, with values >0.80 
considered as high internal consistency (26). The 
intraclass correlation coefficient (ICC) was used for 
test-retest reliability, with values  >0.75 accepted as 
good reliability (27). Item-total correlation coefficient 
was used to evaluate the contribution of each item to 
the total subcale score (28). The item-total correlation 
coefficient is expected to be >0.25 (29). If more than 
15% of the participants obtained the minimum score, 
the floor effect was considered to be present, and if 
more than 15% of the participants obtained the 
maximum score, the ceiling effect was considered to 
be present (30). 
Convergent construct validity was evaluated by using 
the correlation between the TAPES satisfaction with 
the prosthesis subscale and the CLASS domains. 

 
Figure 1. Flow Chart of the study 
 

281 



J Basic Clin Health Sci 2024; 8: 279-286  Demirdel S et al. Turkish Comprehensive Lower Limb Amputee Socket Survey 

  

Spearman’s correlation coefficient (r) was calculated 
to determine convergent construct validity. The 
correlation coefficients were considered as strong 
(r>0.76), good (0.51<r<0.75), moderate 
(0.26<r<0.50) and poor (r<0.25) correlation (31). 
 
RESULTS 
Evaluation was made of 97 lower extremity 
amputees. Of the individuals with transtibial 
amputation, 69.1% used the vacuum system, 7.3% 
the suction system, 16.4% the pin and lock system, 
and 7.3% other suspension systems. Of the 
individuals with knee disarticulation, 33.3% used the 
vacuum system, 33.3% the suction system, and 
33.3% the soft insert mechanism. Of the individuals 
with transfemoral amputation, 19.4% used the 
vacuum system, 47.2% the suction system, and 
33.3% the pin and lock system. The demographic 
characteristics of the participants and information 
about the amputations are presented in Table 1. 
It was seen that the lowest score in the CLASS 
stability, suspension and comfort domains was 
obtained from the ascending or descending stairs 
item. In the Appearance domain, the lowest score 
was seen in the item related to wearing tight trousers. 
The item statistics are shown in Table 2. 

The lowest score among the CLASS subscales was 
obtained from the appearance subscale. Cronbach's 
alpha was  >0.80 in all the subscales, and the ICC 
was >0.80 in all the subscales. No floor effect was 
observed in any of the CLASS subscales, and the 
ceiling effect was observed only in the suspension 
subscale (Table 3). 
The TAPES satisfaction with the prosthesis subscale 
was completed by 96.9% of the study participants. 
The total score of the TAPES satisfaction with the 
prosthesis subscale was mean 37.87±6.35 points 
(minimum:20, maximum:50). A statistically 
significant, positive correlation was found between 
the satisfaction with the prosthesis subscale and the 
CLASS stability subcale (r=0.553, p<0.001), 
suspension subscale (r=0.509, p<0.001), comfort 
subscale (r=0.482, p<0.001), and appearance 
subscale (r=0.444, p<0.001). 
 
DISCUSSION 
The aim of the current study was to translate the 
CLASS into Turkish, to adapt it cross-culturally, and 
to examine its psychometric properties for individuals 
with unilateral lower extremity amputation. The 
results of the current study demonstrated that the 
internal consistency and test-retest reliability Turkish  

Table 1. Demographic and clinical features of the study population 
 

  Mean Standart deviation 
Age (years)  46.78 15.04 

Time since first prosthesis use (years)  17.25 15.06 

Daily prosthesis use time (hours)  12.7 3.74 

  n % 
Gender Female 28 28.9 

 Male 69 71.1 

Cause of amputation Trauma 63 64.9 
 Vascular 14 14.4 

 Congenital 6 6.2 

 Other reasons 14 14.4 

Amputation level Transtibial 55 56.7 

 Knee disarticulation 6 6.2 

 Transfemoral 36 37.1 

Activity level K2 29 29.9 
 K3 63 64.9 

 K4 5 5.2 
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version of CLASS was good. A moderate to good 
correlation was found between the Turkish CLASS 
domains and the TAPES satisfaction with the 
prosthesis subscale in the criterion-based validity 
analysis. 
This study included unilateral lower extremity 
amputees with different demographic characteristics 
and clinical features. This increases the 
generalizability of the results of the study and shows 
that the psychometric properties of the Turkish 
CLASS are suitable for use in individuals with 
unilateral lower extremity amputations with different 
characteristics. 
Various scales are used in Turkey to evaluate 
prosthesis satisfaction (19, 20). Although there are 
items related to socket fit in these scales, it is not 
possible to obtain a detailed assessment of the 
socket (3). Since the socket is the part where the 
prosthesis comes into contact with the user, it should 
be evaluated holistically during different activities. 
With the use of CLASS, the prosthesis users can 
better express their socket-related problems and it 
becomes easier for the prosthetist to resolve the 
problem. Since satisfaction with use is related to 

ambulation ability, and socket fit is an important factor 
affecting saticfaction with use, evaluation of socket fit 
is also important in terms of increasing functionality 
(3, 32).  
It was determined that the lowest score in the comfort, 
suspension and stability subscales was obtained from 
the item related to stairs. The ascent and descent of 
stairs is an activity where intra-socket pressure is 
increased compared to walking on a flat surface (21). 
Therefore, low CLASS scores for ascending and 
descending stairs is an expected result. However, it 
has been shown that different interface systems have 
different effects on  interface pressure when climbing 
and descending stairs (33). The evaluation of socket 
fit during different activities with CLASS can guide 
prosthesis prescribing. The score obtained from the 
Appearance subscale was found to be lower than the 
other subscale scores. In previous evaluations of 
prosthesis satisfaction in lower extremity amputees, 
the satisfaction scores regarding the appearance of 
the prosthesis have been reported to be low (3). The 
current study also showed that the satisfaction with 
socket appearance scores  were the lowest of the 
socket-related parameters. This issue should be 

Table 2. Item statistics of domains of the CLASS 

Items of the stability domain Mean Standart Deviation Item-total correlation 

Sit 3.11 0.71 0.656 

Stand 3.11 0.69 0.794 

Walk 3.03 0.68 0.782 
Ascend or descent stairs 2.91 0.70 0.780 

Items of the suspension domain    

Sit 3.20 0.67 0.661 
Stand 3.18 0.66 0.800 

Walk 3.07 0.73 0.859 

Ascend or descent stairs 2.94 0.74 0.793 

Items of the comfort domain    

Sit 3.03 0.74 0.575 

Stand 3.14 0.59 0.764 

Walk 3.06 0.65 0.779 
Ascend or descent stairs 2.88 0.64 0.646 

Items of the appearance domain    

Sit 2.75 0.82 0.731 

Stand 2.98 0.74 0.709 
Wear tight pants 2.45 0.90 0.578 
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considered in new socket and prosthesis designs in 
order to increase user satisfaction. 
The internal consistency of the CLASS subscales 
was found to be good. This result confirmed that the 
CLASS items were interrelated and consistent. The 
Cronbach's alpha coefficient ranged from 0.85 to 0.92 
in the original version and 0.86-0.92 for the Persian 
version of the CLASS (22, 25). The value obtained in 
the current study is close to these values. The item-
total score correlations show that the predictive utility 
of CLASS items is as  strong as those of the original 
version (22). The test-retest reliability of the Turkish 
version of CLASS was found to be higher than the 
Persian version of CLASS for the stability and 
suspension subscales. For the comfort and 
appearance subscales, the ICC values were lower 
than those of the Persian version (25). The ICC value 
>0.80 obtained in all the subscales indicates high 
reproducibility. 
No floor effect was found for any subscale in the 
Turkish version of CLASS, and the ceiling effect was 
seen only for the suspension subscale. Similarly in 
the Persian version of CLASS, there was no floor 
effect and the ceiling effect was found only in the 
suspension subscale (16.1%) (25). This could be 
attributed to the fact that the suspension systems 
used by the participants are up-to-date and advanced 
systems. 
A moderate to good correlation was found between 
the TAPES satisfaction with the prosthesis subscale, 
which is also used in the Persian version for 
convergent validity, and the CLASS Turkish version. 
This result is similar to the results of Rouhani et al. 
The TAPES satisfaction with the prosthesis subscale 
is a general measure of prosthesis satisfaction (25). 
It contains items that may be related to the socket fit, 
such as the fit and comfort of the prosthesis, but since 
it does not provide a direct assessment of the socket, 
the moderate to good correlation is an expected 
result. 

This study presents important results from 
examination of the reliability and validity of the 
Turkish CLASS. However, that the study was 
conducted in a single centre can be considered a 
limitation. The service where the study was 
conducted is located in the capital city of Turkey and 
is a preferred centre for prosthesis application by 
many individuals with lower extremity amputations 
residing in different cities. However, it is a private 
centre where high-tech prostheses are applied. It can 
be recommended that in future studies, the 
psychometric properties of the Turkish CLASS can be 
evaluated in amputees who apply to different centres. 
Additionally, it is a limitation that only certain 
psychometric properties were examined in the study. 
Further analyzes should be included in future studies. 
 
Study Limitation 
In this study, limitation that only certain psychometric 
properties were examined in the study. Further 
analyzes should be included in future studies.. 
 
CONCLUSION 
The Turkish CLASS is a reliable and valid survey 
that can be used to evaluate socket fit in individuals 
using unilateral lower extremity prosthesis. The use 
of the Turkish version of CLASS may be useful for 
both evaluating the socket, which is the prosthesis 
component that lower extremity amputees have the 
most problems with, and for measuring the 
effectiveness of interventions. 
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Table 3. Reliability indicators of domains of the CLASS  

Domains of 
the CLASS 

Mean (SD) Median Range Cronbach’s 
Alpha 

ICC (95% CI) % with 
floor 
effect 

% with 
ceiling 
effect 

Stability 76.09 (15.09) 75 25-100 0.886 0.951 (0.907-0.974) 1 14.4 

Suspension 77.57 (15.48) 75 25-100 0.900 0.871 (0.764-0.931) 1 18.6 

Comfort 75.77 (13.68) 75 25-100 0.846 0.832 (0.700-0.910) 1 11.3 

Appearance 68.29 (17.66) 66.66 25-100 0.815 0.825 (0.687-0.906) 4.1 8.2 
SD: Standart Deviation, ICC: Intraclass Correlation Coefficient, CI: Confidence Interval 
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INTRODUCTION 
Balance supports the development of the motor 
systems of children as it is a prerequisite to learn and 
control fundamental motor skills in daily life (1,2). 
Static balance is defined as the ability to provide body 
balance in a specific location or position, whereas 
dynamic balance exists during the movement or 
execution of the movement (3). Both sensory and 
motor regions of the brain should give correct 
information to muscles which are the main active 
elements of body. When muscles obtain correct 
information from brain, they should arrange amount 
of their contractions in an adequate time interval (1,2). 

Postural control which needs visual, vestibular and 
somatosensory (e.g., plantar cutaneous, 
proprioception) input plays a fundamental role in the 
maintenance of balance (3,4). Cognition has an 
important role to perceive and integrate these 
sensory inputs in order to maintain balance so 
cognition is like a bridge from sensory to motor 
behaviour (5).  
Both balance and some cognitive functions like 
attention are controlled by the same central region, 
the cerebellum (6). Thus, it may be stated that there 
is a relationship between balance and cognitive tasks 
and that many daily activities require a good balance 

ABSTRACT 
Purpose: This study aimed to assess the test-retest reliability and inter-rater reliability of a newly designed 
balance test named the Paediatric Tandem Balance (PTB) test. 
Material and Methods: 108 children (girls: 54, boys: 54) with a mean age of 4.08±0.78 were included in 
the study. Two raters measured the same children for inter-rater reliability, and the first rater retested the 
same children after two days for test-retest reliability. Time and sway numbers were recorded as the 
variables of the PTB test.  
Results: The inter-rater reliability was good in both parameters of PTB which were duration (r=0.836) and 
number of sways (r=0.840). The test-retest reliability was good in both duration (r=0.727) and number of 
sways (r=0.705). The PTB test is a reliable test to measure dynamic balance in 3-5 years old children.  
Conclusion: This test will bring a new point of view for tests of dynamic balance. 

Keywords: balance, balance test, dynamic balance, postural control 
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control with cognitive skills (7). In addition, an 
increase in balance may contribute to some cognitive 
skills such as memory and spatial cognition (8). Lima 
et al. (9) also stated that there is a positive association 
between the dynamic balance and academic 
performance of children. Shortly, balance skills may 
affect attention, memory, spatial performance, and 
learning skills for academic performance.  
Gallahue (1) states that babies detect their body parts 
and their movements with reflexes and rudimentary 
movements like crawling and walking during the first 
two years of life. The first form of rudimentary 
movements are immature, but babies get more 
experience with practices and start to develop 
postural reactions to keep in balance in these 
movements. Thus, until 2 years old, babies should 
gain balance in rudimentary movements. From 2 to 7 
years old, children start to develop fundamental motor 
skills which are important movements for sport 
activities like running, jumping and hopping (1). The 
practices and experiences of these movements 
develop better balance in these movements until 7 

years old. The late development of balance among 
children leads to the late and inadequate learning of 
complicated motor skills like running, jumping and 
climbing. This negatively affects the participation of 
children in athletics activities and causes more 

injuries (2). As a result, monitoring balance 
development and determining potential factors which 
may prevent this development is important in 
childhood (10).   
Dynamic balance develops in a complicated way as it 
needs the integration of sensory systems and 
experience in motor learning (3,11). There are many 
tests used in clinical practice to measure dynamic 
balance (10,12-15). For example, in two systematic 
reviews of dynamic balance tests in children, fourteen 
tests were investigated, and among them, three tests, 
the Timed-Up and Go (TUG) test, Pediatric Balance 
Reach test and Pediatric Balance Scale, showed 
good reliability in children (10,15). In both reviews by 
Verbecque et al. (10,15), it was stated that 
standardisation is needed in the criteria of balance 
tests for children as children need motivation to follow 
directions and speed. Although balance is affected by 
many environmental factors, and the floor where a 
test is conducted is one of the most important factors 
among these, none of the existing tests has focused 
on this parameter (16). Particularly, the effects of the 

floor should be measured in children as their balance 
develops during growth, and it is a prerequisite for 
many motor skills as mentioned before; so, when this 
factor is added to measurements, it will increase the 
strength of analyses carried out on balance in 

 
Figure 1. Flowchart of the reliability study 
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children (1,2,11). Moreover, in daily life, people need 
to improve balance reactions and protect their 
balance on many types of surfaces (such as snowy, 
wet, stony, hard, foam ground) (16).  
As the first five years of life plays a critical role in the 
development of motor skills, the use of accurate tests 
which reflect performance as much as possible is 
required to see the actual level and progression that 
are aimed to be measured (17). Compared to 
laboratory tests, field tests present better options for 
the examiner as they are cost-effective, easy to 
administer and usually portable with minimal 
equipment. Although dynamic balance is important to 
adapt the body on different floors in mobile 
conditions, there is no field test to measure this 
balance involving variations of floor materials. The 
Paediatric Tandem Balance (PTB) test was designed 
with this aim, and it was hypothesised that this test 
would demonstrate reliability to measure dynamic 
balance in children. 
 
MATERIAL AND METHODS 
Study Design and Participants 
Children living in Famagusta were included in this 
study. They were children registered to kindergartens 
of the city of Famagusta. According to the inclusion 
criteria, children who were 3-5 years old were 
included. H1 hypothesis = 0, H1 hypothesis = 0.3 and 
α = 0.05, β = 0.20 were calculated for the sample size, 
and 84 people were obtained. The initial value was 
increased by 20% for the second assessment, 
resulting in 100 healthy children aged 3-5. 
Children who had sensory loss which would prevent 
them from taking the test or understanding the 
explanations, had communication problems in 
understanding the test, orthopaedic, neurological, or 
mental problems were excluded from the study 
(Figure 1).  
Age, sex, height and weight were firstly recorded. 
Then, the PTB test was applied to the children. Two 
raters used a stopwatch (Catiga CG-503) to record 
time. The test was firstly explained with short 
sentences that were the same for all children and 
then the raters showed the test practically. The tests 
were conducted in barefoot condition. The PTB test is 
explained below in details. 
 
PTB Test  
This test was designed by considering the need of 
testing dynamic balance on different surfaces. The 
standardization of this field test was challenging. 

Tandem walking was chosen to standardize steps on 
the platform and the dimensions were arranged 
according to single foot. Then, the floors were chosen 
and connections were considered. In the end, 4 
different floors with 4 different hardness grades 
(wood, hard sponge, soft sponge, and fibre) were 
created using four 100-cm-long, 8-cm-high and 8-cm-
wide blocks (Figure 2, shapes 1-4). One piece was 
completely produced from wood material with 8 cm. 
Other three pieces have 4 cm wood bases and 4 cm 
different materials (as mentioned above sponge and 
fibre) on the wood base. All four long pieces of the 
PTB test platform were covered with same leather in 
the same color.  
The platform could be brought to different shapes as 
a line or a square (Attachment 1). There were seven 
connector parts. Four straight connecters (Figure 2, 
shapes 5-8) were used to make various shapes like a 
square or a line. The other three connectors (Figure 
2, shapes 9-11), which had a 60-degree angle, were 
used to make W and triangle shapes (Figure 2). Since 
we tried different shapes in the tests of some children 
before deciding the shape for testing and saw that the 
W shape had a clear start and end point, we decided 
to use the W shape (Figure 3). Moreover, this shape 
gave the message to the child that they were going to 
a new floor, so that planning about the floor could be 
done more easily, and the risk of falling was reduced 
in comparison to the use of other shapes. The ability 
to walk on this test platform was measured by time 
completion and sway numbers from platform.  The W 
platform was assembled from the difficulty level easy 

 
Figure 2. The pieces of the Paediatric Tandem Balance 
test platform. Numbers 1-4: Long pieces, Numbers 5-8: 
Straight connectors, Numbers 9-11: 60-degree angle 
connectors. 
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to the level of hard. Hence, the child was asked to 
make a tandem walk in the following order: on wood, 
hard sponge (density=28 DNS), soft sponge 
(density=22 DNS), and fibre. The raters used the 
same commands and similar instructions to children 
since these would affect results. At first, the raters 
explained to the children how they would be assessed 
on the platform. The children were permitted to do 
any kind of tandem walk (full tandem, semi-tandem) 
and walk on only long pieces without touching the 
connectors of the peak points of the W-shape. 
Standing with any region of the heel of one foot 
touching the big toe of the other foot in front is defined 
as semi-tandem position, while standing with the heel 
of one foot in front of the fingers of other foot is full 
tandem (18).  

For the starting position, the children were ready on 
the ground without any contact with the platform. 
Following the “START” command was given, they 
were asked to step onto the platform with their 
preferred leg and complete test platform carefully 
without swaying out of the platform. If they could not 
prevent to sway out, they would continue from the 
same point with stepping onto the platform back.  The 
platform did not allow running as its base of support 
was narrow for running. When they complete the W 
shape, they were asked to change direction by going 
down from the platform to the ground and walk again 
to the starting location from the most difficult floor to 
the easiest. Words for motivation were not permitted 
before, during or after test. 
First of all, the first walk was carried out as a practice 
for the children to learn the platform and understand 

Table 1. Descriptive characteristics recorded in the PTB test 
 

Variables N Range Minimum Maximum Mean 
Std. 

Deviation 

RATER 1 - TIME (PTB) (sec.) 108 81.77 17.32 99.09 38.22 15.17 

RATER 1 - SWAY NUMBER (PTB) 108 18 0 18 5.17 3.64 

RATER 2 - TIME (PTB) (sec.) 108 94.18 11.08 95.26 35.18 13.06 

RATER 2 - SWAY NUMBER (PTB) 108 18 0 18 5.08 3.49 

RATER 1 SECOND ASSESSMENT -

TIME (PTB) (sec.) 

100 73.15 14.16 87.31 37.56 14.25 

RATER 1 SECOND ASSESSMENT  

- SWAY NUMBER (PTB) 

100 17.00 0 17.00 5.29 3.35 

 

 
Figure 3. The Paediatric Tandem Balance Test and a child in the test. 
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what to do. In this first experience, the rater walked 
next to them to guide them and reassure them without 
any touching or holding (Figure 3). After this 
experience, the children were asked whether they 
understand the test and have any question about the 
test. Additionally, some children were curious about 
the platform, and the raters did not prevent them from 
touching the platform if they wanted to do so. Then, 
the next attempt was recorded for the test result. As 
soon as the children stepped onto the platform, timing 
was started, and when they returned to the point 
where they were standing before stepping on the 
platform, it was stopped. The duration was recorded 

in seconds. The numbers of sways of the children to 
the ground with any foot or both feet were counted 
without stopping the time recorded on the track. The 
durations and numbers of sways were recorded as 
the outcomes. After every child, the platform was 
cleaned as the covering material allowed easy 
hygiene. For the reliability of the PTB test, every 
included child was assessed three times. For inter-
rater reliability, two raters (the second and third 
authors) assessed the children two times with at one-
hour intervals on the same day. The order of the 
raters was randomly decided by tossing a coin and 
the raters were blind to each other’s results.  
The first rater (the second author) also assessed the 
same children after two days to measure test-retest 
reliability. The measurement results of the test were 
recorded as the first rater, the second rater and the 
second assessment of the first rater. 
 
Statistical Analysis 
The data were analysed using the IBM Statistical 
Package for the Social Sciences (SPSS) 22.0. The 
categorical data are presented as percentages (%). 
The continuous data are presented as means and 
standard deviations. Since all variables were normally 
distributed, Pearson’s correlation analysis was used 
(Table 1). The intraclass correlation coefficient (ICC) 
with two-way random effects was used to analyse 
test-retest and inter-rater reliability. Paired-samples t-
test and Pearson’s test were used to support the 
evidence about test-retest reliability. Bland-Altman 
plot analysis was used to evaluate the agreement 
between the values of the test and retest 
measurements. 
 
Ethical Consideration  
The study was approved by the Research and 
Publication Ethics Committee of Eastern 
Mediterranean University, in accordance with the 
Declaration of Helsinki (Decision Date: 24.05.2018, 
No: 2018/59-19). Informed consent, approved by the 
university’s ethics committee, was taken from the 
parents of all children after explaining the aim and 
procedures of the study in detail. This study was also 
registered on ClinicalTrials.gov (NCT03777995). 
 
RESULTS 
Participation flow of the children 
The parents of 245 children were invited to the study. 
The parents (n=110) who agreed for their children to 
participate in the study and their children (n=110), 

 
 
Figure 4. Distribution of the data for both raters with 
boxplot which indicates some points in terms of normality 
(Boxplot for inter-rater reliability) 
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including 55 girls and 55 boys, were assessed. One 
child (girl) had hearing loss, and one child (boy) had 
autism, so they were excluded. A total of 108 children 
were tested on the first assessment day. Twenty-
eight (25.9%) children were three years old, 43 
(39.8%) were 4 years old, and 37 (34.3%) were 5 
years old. Eight of the children did not attend the 
second assessment. So, the data of 100 children 
were used for the test-retest reliability analysis 
(Figure 1).  
 
Demographic characteristics of the sample 
The mean age of the children who were included in 
this study was 4.08±0.78 years. The mean height of 
the children was measured as 104.28±7.81 cm, and 
their mean weight was 18.35±3.44 kg. Their body 
mass index values were 16.77±1.75 kg/m2.  
 
Descriptive findings obtained by the raters  
Table 1 shows the descriptive statistics for the 
variables. A wide dispersion of the measurements 
was seen, which led to quite high standard deviation 
values especially for Rater 1-Time, Rater 2-Time, and 
rater 1 second assessment-Time as 15.17, 13.06, 
and 14.25, respectively.  In relation to how the data 
for both raters were distributed, it was considered that 

boxplots can clearly explore such distributions and 
describe normality. Both measurements from both  
raters were quite similar, and the plot definitely not 
showing concrete evidence to be perfectly normal 
(Figure 4). We also plotted the first rater’s score with 
the second assessment with respect to time and 
number of sways. This method was used to analyse 
test-retest reliability as well. The two assessments 
looked very much like each other as seen in Figure 5. 
Test-retest reliability of the PTB test 
An ICC model was established to analyse the 
intraclass correlation coefficient (ICC) calculations. 
Table 2 shows that there was a quite strong 
consistency level between the first and second 
assessments for the time measurements with a 
coefficient of 0.842 in a 95% CI (0.765 – 0.894). 
Additionally, there was high consistency between the 
first and second assessments of the sway numbers 
by the first rater with an ICC value of 0.826 in a 95% 
CI (0.742 – 0.883). The differences between 
repetitions and the relationship between differences 
and correlation values are shown in Table 3.  
Another useful test involves drawing Bland-Altman 
plots. If the points on the Bland–Altman plot are all 

 
Figure 5. Plotting the first rater’s first and second 
assessments to see the distribution in terms of time and 
sway numbers (plotting for test-retest reliability) 
 
 

 
Figure 6. Bland-Altman plot analysis to see the level of 
agreement for the first and second day assessments 
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over the place, above and below zero, it means that 
there is no consistent bias in favour of one strategy 
over the other. It can be seen on the plot that there 
was consistency between the rater’s first and second 
assessment measurements (Figure 6).  
 
Inter-rater reliability of the PTB test 
Inter-rater reliability of the measurements of both time 
and sway numbers was also analysed by determining 
the interclass correlation coefficient (ICC). The value 
of ICC in a 95% CI was 0.836 (0.760-0.888) for time, 
which indicated a strong agreement between the two 
raters. For the sway numbers, the ICC value in a 95% 
CI was recorded to be 0.840 (0.766 – 0.891). 
Accordingly, the method was determined to be 
reliable, and it could be used for overall assessments 
(Table 4). 
 
DISCUSSION 
tandem, full tandem) for balance. Thus, the PTB test 
included different somatosensory systems by 
reducing the base of support and visual input. As 
mentioned in the methods, all four pieces of the PTB 
test platform were covered with the same material 
and the same colour, so that the pieces would appear 

in the same from the outside, and the children needed 
more somatosensory feedback from the plantar 
region. The test limits the measurement in a variety 
of components of balance so it can be stated that this 
probably causes high reliability of the PTB test.   
Visual feedback is reduced in many balance tests to 
investigate whether other sensory systems (e.g., 
proprioceptive, vestibular) can be used and 
integrated for postural control and balance (19). 
Existing tests usually use “closed eyes” while 
reducing the degree of this feedback. Thus, this new 
platform brings a new testing model for dynamic 
balance in terms of lowering visual input and varying 
the floor material. Visual input is completely non-
existent when one’s eyes are closed, whereas it is 
diminished in the PTB test because children 
experience the platform before the test and learn that 
its pieces have different hardness levels. 
Nevertheless, it does not provide the same amount of 
visual input as walking on floors with different 
appearances, for example, pink wood and blue 
sponge.  
As the prevalence of measurement procedures of 
balance in children at the ages of 3-5 is low, the TUG 
test has been recommended more for this age group, 

Table 2. Test-retest reliability testing using ICC 
  Intraclass Correlation Coefficient 
  Intraclass 

Correlation 
95% Confidence Interval  

  Lower Bound Upper Bound  
First & Second 
Assessments (Time) 

 
0.842 

 
0.765 

 
0.894 

 
0.000 

First & Second 
Assessments (Sway number) 

 
0.826 

 
0.742 

 
0.883 

 
0.000 

 
Table 3. Differences between repetitions and the relationship between differences and correlation values 

 Mean ± 
SD 

Correlation with 
first assessment 

Sig Correlation with 
second assessment 

Sig 

Difference between first and 
second assessments (time) 

 
3.44±16.41 

 

 
0.430 

 
0.000 

 
0.375 

 
0.000 

Difference between first and 
second assessments  
(sway number) 

 
0.27±3.28 

 
0.489 

 
0.000 

 
0.330 

 
0.001 

 
 
Table 4. Inter-rater reliability testing for both time and sway numbers by the first and second raters 

  Intraclass Correlation Coefficient 
  Intraclass 

Correlation 
95% Confidence Interval F Test with True Value 0 

  Lower Bound Upper Bound Value df1 df2 Sig 
Time by first and second 
raters  0.836 0.760 0.888 6.108 107 107 0.000 

Sway number by first and 
second raters 

0.840 0.766 0.891 6.244 107 107 0.000 
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but there may be some variations in the turning points 
of the TUG test, where some children made wider 
turns around the chair, and others made narrower 
turns (20). The raters stated regarding the PTB test 
that it was easy to control the children’s route as it had 
a platform. Moreover, since the platform looked the 
same even though it was made of different materials, 
this mysterious structure caused motivation in the 
children according to the statements of the raters. 
Similarly, a recent paper proposed the use of a red 
Duplo brick for motivation in the TUG test (21). In 
general, according to our raters, the PTB test was 
easy to be understood by children. 
The children were asked to walk with one trial test and 
one real test. In many balance tests (10), three 
repetitions are allowed for children, and the best 
result is recorded. On the other hand, the learning 
effect, which is prominent at younger ages, was 
avoided in this study with fewer repetitions as this test 
had sensorial feedback, and it could have been very 
easy to learn in further repetitions. 
The main strength of this paper was the presentation 
of the psychometric analysis results of a newly 
designed dynamic balance test, the PTB test, with 
high test-retest and inter-rater reliability. These 
findings are likely to encourage the use of this field 
test to see the balance of pre-schoolers in the 
conditions of different somatosensory inputs to their 
feet.  
The PTB test offers a simple use with various 
advantages. First of all, this is the first dynamic 
balance test which includes different floor materials 
and creates an advantage to show progression this 
way. Many professions like physiotherapists, physical 
educators and occupational therapists can use a 
progressive procedure for the development of 
balance by changing the floor material. Thus, this test 
provides this opportunity. Secondly, since this is low-
tech field test, it is a much more inexpensive test than 
high-tech balance test devices, whereas it is also 
easy to use this test and make comments on results 
for users. Thirdly, in this study, there was no 
risk/injury about the test reported by the raters. Lastly, 
although the “test” shape was determined as W, the 
platform can be brought to different shapes like a 
triangle, a square and a straight line for working on 
balance (Attachment 1). 
 
Limitations 
A limitation of this paper was the need for a gold 
standard test for balance in preschool children as 

high-tech/digital devices are required to get more 
objective results to investigate the validity of the PTB 
test. Researchers who have training and adequate 
opportunities in terms of high-tech devices could 
conduct further studies to investigate the validity of 
the PTB test for more accurate results (22,23).. 
 
CONCLUSION 
In conclusion, the PTB test may be used as a reliable 
test in clinical practice for pre-school children. 
Although it is easy to manufacture this test platform, 
the practitioners who wonder to use this test are 
suggested to contact the authors to learn more 
details. Lastly, the psychometrics and clinical utility of 
the test may also be investigated in older children, or 
children with developmental delays and special 
needs in further papers. 
 
Acknowledgement: We would like to thank the administrators of 
the kindergartens “Gelişim Eğitim Merkezi”, “Kids Dream 
Education”, “Lucky Duck”, “Petit Baby Montessori School” and 
“Uçan Balon Kreş ve Anaokulu”. We also would like to thank Prof. 
İlker Etikan for the statistical analyses. 
Author contribution: ZGT: Planning, design of platform, 
interpretation of the results, writing, publication procedures. HH: 
Design of platform and data collection (rater 2). EÇ: Design of 
platform and data collection (rater 1). HT: Support to the 
management of study and writing. TO: Ethical approval and 
support in data collection. NŞ: Ethical approval and writing. LE: 
Power Analysis for sample size and support for ethical approval. 
Conflict of interests: The authors declare that there was no 
conflict of interest.  
Ethical approval: The study was approved by the Research and 
Publication Ethics Committee of Eastern Mediterranean University, 
in accordance with the Declaration of Helsinki (Decision Date: 
24.05.2018, No: 2018/59-19). 
Funding: None. 
Peer-review: Externally peer-reviewed. 
 
REFERENCES  
1. Gallahue D, Ozmun J, Goodway J. 

Understanding motor development: Infants, 
children, adolescents, adults. Boston, MA: 
Mcgraw-hill, New York, 2006. 

2. Jiang GP, Jiao XB, Wu SK, et al. Balance, 
proprioception, and gross motor development of 
chinese children aged 3 to 6 years. J Motor 
Behav 2018;50(3),343-352. 

3. Bozkurt S, Erkut O, Akkoç O. Relationships 
between Static and Dynamic Balance and 
Anticipation Time, Reaction Time in School 
Children at the Age of 10-12 Years. Univers J 
Educ Res 2017;5(6),927-931. 

4. Sharma K, Samuel AJ, Midha D, Aranha VP, 
Narkeesh K, Arumugam N. Multi-directional 

294 



J Basic Clin Health Sci 2024; 8: 287-295   Güçhan-Topcu Z et al. Reliability of a new balance test 

  

reach test in South Asian children: Normative 
reference scores from 5 year to 12 years old. 
Homo 2018;69(1-2),62-69. 

5. Martínez K, Martínez-García M, Marcos-Vidal L, 
Janssen J, Castellanos FX, Pretus C, Villarroya 
Ó, Pina-Camacho L, Díaz-Caneja CM, Parellada 
M, Arango C. Sensory-to-cognitive systems 
integration is associated with clinical severity in 
autism spectrum disorder. JAACAP 
2020;59(3):422-33.  

6. Goetz M, Schwabova JP, Hlavka Z, Ptacek R, 
Surman CB. Dynamic balance in children with 
attention-deficit hyperactivity disorder and its 
relationship with cognitive functions and 
cerebellum. Neuropsychiatr Dis Treat 
2017;13:873. 

7. Niederer D, Plaumann U, Seitz T, et al. How does 
a 4-week motor–cognitive training affect choice 
reaction, dynamic balance and cognitive 
performance ability? A randomized controlled 
trial in well-trained, young, healthy participants. 
SAGE Open Med 2019;7:2050312119870020. 

8. Rogge AK, Röder B, Zech A, Nagel V, Hollander 
K, Braumann KM, Hötting K. Balance training 
improves memory and spatial cognition in healthy 
adults. Scientific reports. 2017;18:7(1):5661.  

9. Lima RA, Stodden DF, Pfeiffer KA, et al. Dynamic 
Balance, but Not Precision Throw, Is Positively 
Associated with Academic Performance in 
Children. Int J Env Res Pub He 2020;17:2790.  

10. Verbecque E, Schepens K, Theré J, Schepens B, 
Klingels K, Hallemans A. The Timed Up and Go 
test in children: does protocol choice matter? A 
systematic review. Pediatr Phys Ther 
2019;31:22-31.  

11. Roberts D, Veneri D, Decker R, Gannotti M. 
Weight status and gross motor skill in 
kindergarten children. Pediatr Phys Ther 
2012;24:353-360.   

12. Brandsma R, Van Egmond ME, Tijssen MA, et al. 
Diagnostic approach to paediatric movement 
disorders. Dev Med Child Neurol 2021;63(3):252-
258. 

13. Dehnavi M, Sadeghi H, Taghva M. Reliability of 
Functional Balance Tests and Their Correlation 
With Selected Anthropometric Parameters in 
Children Aged 7-10 Years. J Sport Biomech 
2020;5:216-227.  

14. Tyson SF, Connell LA. How to measure balance 
in clinical practice. A systematic review of the 
psychometrics and clinical utility of measures of 

balance activity for neurological conditions. Clin 
Rehabil 2009;23:824-840.  

15. Verbecque E, Lobo Da Costa PH, Vereeck L, 
Hallemans A. Psychometric properties of 
functional balance tests in children: a literature 
review. Developmental Medicine & Child 
Neurology, 2015;57:521-529.  

16. Maïano C, Hue O, Lepage G, Morin AJ, Tracey 
D, Moullec G. Do exercise interventions improve 
balance for children and adolescents with Down 
syndrome? A systematic review. Phys Ther 
2019;99:507-518.  

17. Wood AP, Imai S, Mcmillan AG, Swift D, Dubose 
KD. (2020). Physical activity types and motor 
skills in 3-5-year old children: National Youth 
Fitness Survey. J Sci Med Sport 2020;23:390-5.  

18. Warmerdam E, Schumacher M, Beyer T, Nerdal 
PT, Schebesta L, Stürner KH, Zeuner KE, 
Hansen C, Maetzler W. Postural sway in 
Parkinson's disease and multiple sclerosis 
patients during tasks with different complexity. 
Front Neurol 2022;13:857406.  

19. Emery CA, Cassidy JD, Klassen TP, Rosychuk 
RJ, Rowe BH. Development of a clinical static 
and dynamic standing balance measurement tool 
appropriate for use in adolescents. Phys Ther 
2005;85:502-514.  

20. Lei Y, Lam CKY, Lams MHS, et al. Validity and 
Reliability of Timed Up and Go Test on Dynamic 
Balance in 3-5 Years Old Preschool Children. J 
Yoga Phys Ther 2017;7:1-5.  

21. Hallemans A, Klingels K, Van Criekinge T, 
Vereeck L, Verbecque E. Reliability and 
concurrent validity of a modified timed up and go 
test for healthy preschoolers. EJPEDT 
2020;179:1579-86.  

22. Hu SY, Hınojosa J, Chiang PY, Leu CS. Validity 
of the Sensory Balance Test to Screen Children 
for Sensory Processing Impairments. J Occup 
Ther Sch Early Interv 2010;3:139-153. 

23. Dewar RM, Tucker K, Claus AP, Van Den Hoorn 
W, Ware RS, Johnston LM. Evaluating validity of 
the Kids-Balance Evaluation Systems Test (Kids-
BESTest) Clinical Test of Sensory Integration of 
Balance (CTSIB) criteria to categorise stance 
postural control of ambulant children with CP. 
Disabil and Rehabil 2021;1-8. 

295 



  

  

 
 

J Basic Clin Health Sci 2024; 8: 296-307 
                https://doi.org/10.30621/jbachs.1256495 

RESEARCH ARTICLE 

 
SERUM CHEMERIN, VASPIN, OXIDATIVE 
STRESS AND INFLAMMATION MARKERS IN 
SUBCLINICAL HYPOTHYROIDISM/ 
HYPERTHYROIDISM 
 
Sümeyye Tamer1, Taylan Turan1, Tuba Taşkan1, Mehmet Ayhan Karakoç2, 
Emre Arslan2, Aymelek Gönenç1* 
 

1 Gazi University, Faculty of Pharmacy, Department of Biochemistry, Ankara, Turkey 
2 Gazi University, Faculty of Medicine, Department of Endocrinology and Metabolism, Ankara, Turkey 

 
ORCID: S.T. 0000-0003-4956-2015; T.T. 0000-0001-7335-1213; T.T. 0000-0003-1677-5356; M.A.K. 0000-0002-0601-
6893; E.A. 0000-0003-4460-8598; A.G. 0000-0001-9661-8291 

 
Corresponding author: Aymelek Gönenç, E-mail: aymelek@gazi.edu.tr 
Received: 27.02.2023; Accepted: 30.01.2024; Available Online Date: 31.05.2024 
©Copyright 2021 by Dokuz Eylül University, Institute of Health Sciences - Available online at https://dergipark.org.tr/en/pub/jbachs 
 
Cite this article as: Tamer S, Turan T, Taşkan T, Karakoç M A, Arslan E, Gönenç A. Serum Chemerin, Vaspin, 
Oxidative Stress and Inflammation Markers in Subclinical Hypothyroidism/Hyperthyroidism. J Basic Clin Health Sci 
2024; 8: 296-307.

INTRODUCTION 
Thyroid hormones have functions on metabolic rate, 
heat production, cell differentiation and development, 
response to other hormones, carbohydrate, protein, 
and lipid metabolism (1). Thyroid-stimulating 
hormone (TSH) directly provides the synthesis and 

secretion of adipokines. The positive relationship 
between TSH level and adiposity is biologically 
important. Clinical studies reveal changes in some 
adipokine levels accompanying thyroid diseases 
(2,3). The most recently discovered chemerin, vaspin 
are members of adipokines this group. Chemerin is 

ABSTRACT 

Purpose: Subclinical thyroid diseases constitute the first stage of clinical thyroid, so it is important to investigate 
underlying mechanisms. Clinical studies have revealed changes in some adipokines concerning thyroid disorders. 
Relationship chemerin and vaspin adipokines with thyroid hormones needs to crarify. So, it was aimed to evaluate 
chemerin, vaspin, oxidative stress, and inflammation markers in subclinical hypothyroidism/hyperthyroidism. 
Material and Methods: The study included 38 subclinical hyperthyroidism, 31 subclinical hypothyroidism, and 44 
healthy controls. Serum chemerin, vaspin, interleukin-10, C-reactive protein, and Oxidized LDL were measured with 
ELISA method, while total antioxidant status, and total oxidant status were spectrophotometric methods. 
Results: Serum chemerin levels were higher in the subclinical hypothyroidism group, whereas lower in the subclinical 
hyperthyroidism compared to the controls. Vaspin levels of subclinical thyroid patients were lower than the controls. 
Interleukin-10 levels of subclinical hyperthyroidism were lower, conversely C-reactive protein levels were higher in 
both patient groups than the control group. Total antioxidant status were higher in the subclinical hypothyroidism 
group; total oxidant status and oxidative stress index were lower in subclinical hyperthyroidism patients.   
Conclusion: Increased total antioxidant and C-reactive protein levels in the subclinical hypothyroidism group and 
decreased total oxidants, interleukin-10, and oxidative stress index in the subclinical hyperthyroidism group indicated 
that oxidant-antioxidant balance is impaired, suggesting that subclinical thyroid diseases may cause changes in 
inflammation and defense mechanism. The decreases in chemerin levels in the subclinical hyperthyroidism patients 
and vaspin levels in the both patient groups show that chemerin and vaspin may be candidates as biomarkers in 
subclinical thyroid diseases. 

Keywords: Chemerin, vaspin, oxidative stress markers, inflammation markers, subclinical 
hypothyroidism/hyperthyroidism 
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encoded by the G protein-coupled receptor 1 (GPR1) 
gene and, acts as an endogenous ligand for GPR and 
is known to have pro-inflammatory and insulin 
resistance inducing properties. It was found that 
physiological amounts of chemerin are secreted from 
adipose tissues in early adipocyte differentiation, and 
the level of secreted chemerin increases with the 
maturation of cells. Another adipokine synthesized in 
adipose tissue, vaspin is known for its insülin-
sensitizing effects and modulator role on glucose 
tolerance. There are limited studies in the literature 
investigating the role of serum levels of chemerin and 
vaspin in thyroid diseases. Serum chemerin levels 
were suggested to be significantly higher in patients 
with hyperthyroidism compared to controls (4). 
Vaspin mRNA levels were shown as significantly 
lower in rats with hyperthyroidism while higher in rats 
with hypothyroidism compared to rats with 
euthyroidism (5). 
Cytokines are pro-inflammatory mediators which play 
a central role in inflammatory and immune processes. 
Interleukin-10 (IL-10) is recognized as one of the 
most important anti-inflammatory immunomodulatory 
cytokines. It has been reported that IL-10 mRNA 
expression has an important role in thyroid 
autoimmune diseases (6). C-reactive protein (CRP) is 
involved in inflammatory processes in some thyroid 
disorders. Serum CRP values were shown as high in 
patients with subclinical hypothyroidism (SubHypo) 
compared to controls (7). Oxidized LDL (Ox-LDL) has 
vasoconstrictor, mitogenic, and proinflammatory 
properties. It has been reported that dysfunction of 
thyroid hormones may cause an increase in Ox-LDL 
levels (8). Therefore, it is essential to specify the 
possible risk factors for increased Ox-LDL. Recent 
studies have suggested that Ox-LDL may trigger 
endoplasmic reticulum stress in endothelial cells and 
macrophages (9), and this may have an effect on the 
secretion of some adipokines (10). Measurement of 
the Ankle Brachial Index (ABI) is the most used 
method in diagnosing peripheral artery disease 
(PAD). There are few studies in the literature to 
explain the relationship between thyroid dysfunction 
and PAD determined by ABI measurement (11). 
Metabolic changes accompanying thyroid 
dysfunction may cause changes in the antioxidant 
defense of the organism. Cebeci et al. found reduced 
antioxidant defense in SubHypo patients (12). 
Supportively, a decrease in serum antioxidant activity 
was observed due to the decrease in body antioxidant 
defense system capacity in patients with 

hyperthyroidism by Marcocci et al. (13). Total 
antioxidant status (TAS), total oxidant status (TOS) 
and Oxidative Stress Index (OSI) are among the 
critical parameters that can be used to assess the 
redox status. OSI is an indicator of the degree of 
oxidative damage. Several studies have indicated 
that OSI is responsible for the formation of endothelial 
dysfunction (14,15).  
In the light of these informations, it is crucial to 
investigate the roles of some new adipokines, 
proinflammatory, and oxidant/antioxidant indicators in 
the progression of subclinical thyroid to clinical thyroid 
diseases. So, it was aimed to measure chemerin, 
vaspin, IL-10, CRP, Ox-LDL, ABI, TAS, TOS, and OSI 
in subclinical hyperthyroidism (SubHyper) and 
SubHypo. 
 
MATERIAL AND METHODS 
Characteristics of Study Participants 
The study group consisted of 38 SubHyper, 31 
SubHypo patients, and 44 healthy individuals. The 
patient group consisted of applied to the Thyroid 
Clinic of Gazi University Medical Faculty Hospital, 
were over the age of 18, were newly diagnosed, and 
did not receive treatment. Patients were excluded 
from the study if they had a history of diabetes, 
chronic hyperlipidemia, Chronic Artery Disease 
(CAD), or PAD. The control group composed of 
healthy volunteers had never transmitted a systemic 
and/or thyroid disease. 
 
Ethical Consideration  
The study was approved by the Ethics Committee of 
Dr. Abdurrahman Yurtaslan Ankara Oncology 
Training and Research Hospital with decision number 
2017-03/06, and all participants or their relatives gave 
their informed consent before participating in the 
study. 
 
Anthropometric Measurements 
Body weight was measured with a TANITA weighing 
device while hungry in the morning and after 
defecation with less clothed, dry, and bare feet. The 
height of individuals was measured with a TANITA 
brand portable wall stadiometer with feet side by side 
and head on the Frankfort plane, with eye triangle and 
top of the auricle aligned. Body Mass Index (BMI) was 
calculated as weight (kg) divided by the square of 
height (m2). Waist circumference (WC) of individuals; 
with arms on both sides and feet together, the middle 
point of the area between the lowest rib and navel 
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was determined and measured on a flat surface. Hip 
circumference (HC) was measured with the arms of 
the individuals on their sides, their feet side by side 
and standing upright, individual's gaze was directed 
towards the front and parallel to the ground by a non-
stretch tape from the highest point. Blood pressure  
was measured two times intermittently with an Omron  
brand blood pressure device after all individuals had 
been in rest for at least 20 minutes in a sitting position 
and, the average of the two measurements was taken 
to determine the result. Limit values were determined 
according to NCEP ATP III diagnostic criteria. 
 
Biochemical Measurements 
5 ml of peripheral venous blood was taken from 
patient groups and the healthy controls into red-
capped flat serum tubes with the help of professional 
health personnel. The blood samples were 
immediately transported to the Gazi University 
Faculty of Pharmacy Biochemistry Department 
Laboratory under appropriate storage conditions and 
centrifuged at +4⁰C, 3000 rpm, for 15 minutes.  
Serums were kept in deep freeze at -80⁰C until to be 
analyzed. The biochemical parameters of fasting 
blood glucose (FBG), triglyceride (TG), total 
cholesterol (TC), LDL cholesterol (LDL-C), and HDL 
cholesterol (HDL-C) were analyzed in Gazi Hospital 

Biochemistry Laboratory from the residue part of 
blood samples. FBG was measured with the 
hexokinase method and BeckmanCoulter kit, 
AU5800 analyzer (Beckman Coulter, CA, USA). TG, 
TC, LDL-C, and HDL-C analyses were performed by 
using the spectrophotometric method with the same 
device. TSH, free triiodothyronine (fT3), and free 
thyroxine (fT4) were measured by using a Beckman 
Coulter kit with the CLIA method (Abbott Architecht 
I200 autoanalyzer, USA).  
 
Serum Chemerin/Vaspin/IL-10/CRP/Ox-LDL 
Concentrations 
Human serum chemerin levels were measured 
spectrophotometrically using a commercial ELISA kit 
(Elabscience Biotechnology Co. Ltd, USA, E-EL-
H0698) according to the manufacturer’s instructions. 
The sensitivity of the chemerin ELISA assay is 0.10 
ng/mL, and the detection range is 0.16-10 ng/mL. The 
intra-assay CV is <4.8%, and inter-assay precision is 
<5.3%. 
Using a sandwich-ELISA (Elabscience Biotechnology 
Co. Ltd, USA, E-EL-H1762), vaspin levels in serum 
were measured. The detection range is 62.50-4000 
pg/mL, and the sensitivity of the vaspin sandwich-
ELISA assay is 37.50 pg/mL. The intra-assay CV is 
<5.3%, and inter-assay precision is <4.7%. 

Table 1. Characteristic features and biochemical measurements of the study group 
Parameter SubHyper 

(N=38) 
SubHypo  

(N=31) 
Control  
(N=44) 

Age (X±SD) 46.37±2.28 44.39±2.55 45.41±1.95 
Gender (F/M) 31/7 25/6 12/32 
BMI (kg/m2) 26.52±0.78 27.77±0.68 26.14±0.78 

WC (cm) 79.94±1.98 92.16±2.49§ 86.11±1.93 
WC/HC (X±SD) 0.82±0.01 0.88±0.27 0.84±0.02 
SBP (mmHg) 112.68±0.56 116.03±4.67*,§ 113.77±0.59 
DBP (mmHg) 77.24±0.80* 68.55±0.44*,§ 72.95±0.89 
FBG (mg/dL) 99.78±2.62* 93.47±1.80 91.95±1.98 
TC (mg/dL) 146.07±7.29 168.71±7.29 162.77±6.16 

HDL-C (mg/dL) 45.62±1.02 47.11±1.64 44.93±1.15 
LDL-C (mg/dL) 110.24±4.53 111.73±6.01 104.40±4.64 

TG (mg/dL) 148.91±10.04 127.73±8.99 140.12±11.73 
fT3 (pg/mL) 3.46±0.07** 3.26±0.05** 2.87±0.06 
fT4 (ng/dL) 0.93±0.02** 0.84±0.28** 1.18±0.04 

TSH (mIU/mL) 0.20±0.02** 7.68±0.64**,§§ 1.93±0.13 
*Significant difference from control, p<0.05, **significant difference from control, p<0.01,  
§Significant difference from SubHyper, p<0.05, §§significant difference from SubHyper, p<0.01. SubHyper (Subclinical 
Hyperthyroidism), SubHypo (Subclinical Hypothyroidism), BMI (Body Mass Index), WC (Waist circumference), HC (Hip 
circumference), SBP (Systolic Blood Pressure), DBP (Diastolic Blood Pressure), FBG (Fasting Blood Glucose), TC 
(Total Cholesterol), HDL-C (HDL cholesterol), LDL-C (LDL cholesterol), TG (Triglycerides), fT3 (Free Triiodothyronine), 
fT4 (Free Thyroxine) TSH (Thyroid-stimulating hormone) 
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Detection of human IL-10 levels in serum was 
performed with an ELISA kit (Elabscience 
Biotechnology Co. Ltd, USA, E-EL-H0103). Kit 
sensitivity for IL-10 is 4.69 pg/mL, and the detection 
range is between 7.81 and 500 pg/mL. Intra-assay 
CV is <5.4%, and inter-assay precision is <4.7%. 
Serum CRP concentrations were determined with a 
commercially available ELISA (Elabscience 
Biotechnology Co. Ltd, USA, E-EL-H0043) according 
to the manufacturer’s instructions. Human CRP 
ELISA kit has 0.23 ng/mL sensitivity with a detection 
range of 0.39-25 ng/mL. Intra-assay CV is <3.9%, and 
inter-assay precision is <6.1%. 
Commercial ELISA kits (Elabscience Biotechnology 
Co. Ltd, USA, E-EL-H0124) were used for the 
quantification of serum levels of Ox-LDL. All the tests 
were performed according to the manufacturer’s 
instructions. Intra-assay CV is <5.3%, and inter-assay 
precision is <5.0%. 
 
Measurements of ABI Value 
The ABI value of participants was inflated to 220 
mmHg by tying cuff to the left upper arm or 20-30 
mmHg above expected Systolic Blood Pressure 
(SBP). Air of cuff was decreased 10 mmHg in 5 
seconds by placing a Doppler device on the brachial 
artery, and SBP was recorded. Later, it was inflated 
to 220 mmHg by tying cuff under the left knee cap or 
20-30 mmHg above the expected SBP. Doppler 
device was placed on the dorsalis pedis, and air of 
cuff was evacuated in 5 seconds with a decrease of 
10 mmHg. Pulsed SBP was noted when a pulse was 
taken on a Doppler device. Two SBPs are divided 
with pressure in the arm at the top. The figure 
obtained has been noted as ABI (11). ABI 
Value=Ankle Systolic Pressure(max)/Brachial Systolic 
Pressure(max). 
 
Serum TAS/TOS/OSI Concentrations 
TAS measurement in serum was performed 
according to the decolorization method of 2,2′-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) 
(ABTS) cation radical modified by Re et al. (16). In the 
total antioxidant measurement method, suppression 
of the generated radical by antioxidants in serum was 
determined using a spectrophotometer. Absorbance 
measurements were done at 734 nm in 6th minute. 
The phosphate buffer solution was used in 
measurements as a blank solution. 
10 μL of serum was added to 1 ml of ABTS radical 
solution whose absorbance was adjusted to be 

0.70(±0.02), and absorbance was read at 6th minute. 
Based on the results, %Inhibition was calculated by 
the formula: %Inhibition=100–
[(Abssample/AbsABTS)x100] 
TOS measurement in serum was made according to 
the fully automatic colorimetric method developed by 
Erel et al. (17). Oxidants present in the sample 
oxidize ferrous ion-o-dianisidine complex to ferric ion. 
Glycerol in the environment accelerates this reaction 
approximately three times. Ferric ions form a colorful 
complex with xylenol orange in an acidic 
environment. The intensity of the color associated 
with the amount of oxidants in the sample is 
measured spectrophotometrically. By calibrating the 
measurement with hydrogen peroxide, results are 
expressed in micromolar hydrogen peroxide 
equivalent per liter (μmol H2O2 Equivalent/L) (17). 
OSI value was calculated as the ratio of TOS to TAS 
level. Specifically, OSI (arbitrary unit)=TOS (μmol 
H2O2 Eq/L)/TAS (μmol Trolox Eq/L). 
 
Statistical Analysis  
Statistical analysis of data was performed using the 
SPSS statistical package program (version 22 
software, SPSS Inc. Chicago, Illinois, USA). The 
normality of the data was tested by Kolmogorov-
Smirnov. Differences among the three groups were 
evaluated using one-way analysis of variance 
ANOVA followed by Post Hoc and Tukey test for 
multiple comparisons between groups. To evaluate 
the correlation between parametric and 
nonparametric variables, Pearson and Spearman 
correlation tests were used, respectively. Results 
were considered statistically significant at p<0.05 at 
95% confidence interval. 
 
RESULTS 
The clinical characteristics and some biochemical 
parameters of the study group were given in Table. 
Statistical differences were found between SubHyper 
and control groups in Diastolic Blood Pressure (DBP), 
FBG, fT3, fT4, and TSH levels. DBP, FBG, and fT3 
levels were significantly higher (p<0.05, p<0.05, 
p<0.01, respectively), while fT4, and TSH were lower 
in SubHyper when compared to control (p<0.01, 
p<0.01, respectively). Similarly, significant 
differences were found between SubHypo and control 
groups in SBP, DBP, fT3, fT4 and TSH levels. SBP, 
fT3, and TSH levels were higher (p<0.05, p<0.01, 
p<0.01, respectively), while DBP and fT4 were lower 
in SubHypo than control (p<0.05, p<0.01). SBP, WC, 
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and TSH levels were higher (p<0.05, p<0.05, p<0.01, 
respectively), whereas DBP was lower in SubHypo 
compared to SubHyper (p<0.05). No significant 
differences were found between groups in age, BMI, 
WC/HC, TC, HDL-C, LDL-C, and TG levels (p>0.05). 
Serum chemerin levels of SubHyper, SubHypo, and 
control groups are given in Figure 1. In the study, 
serum chemerin levels were found 2.58±0.14 ng/mL 
in SubHypo, 1.42±0.19 ng/mL in SubHyper, and 

2.22±0.16 ng/mL in the control group. Serum 
chemerin levels were significantly lower in the 
SubHyper group compared to the control group 
(p<0.01). Chemerin levels in patients with SubHypo 
were found to be higher than patients with SubHyper 
(p<0.01). No significant difference was found 
between SubHypo, and the healthy control group in 
terms of serum chemerin levels (p>0.05). Figure 2 

 

 
Figure 3. Comparison of serum IL-10 levels in study 
groups. Boxes represent the means of the serum IL-10 
levels and error bars indicate±standart deviation. 
Significant difference from control group was shown 
with an asterisk. The value of p<0.05 was considered as 
statistically significant, in all statistical analyses. 
*Significant difference from control group, p<0.01, IL-10 
(Interleukin-10). 
 
 

 
Figure 4. Comparison of serum CRP levels in study 
groups. Boxes represent the means of the serum CRP 
levels and error bars indicate±standart deviation. 
Significant difference from control group was shown 
with an asterisk. The value of p<0.05 was considered as 
statistically significant, in all statistical analyses. 
*Significant difference from control group, p<0.01, CRP 
(C-reactive protein). 
 
 
 

 
Figure 1. Comparison of serum chemerin levels in 
study groups. Boxes represent the means of the serum 
Chemerin levels and error bars indicate±standart 
deviation. Significant difference from control group and 
from SubHyper group were shown with an asterisk and 
double asterisks, respectively. The value of p<0.05 was 
considered as statistically significant, in all statistical 
analyses. *Significant difference from control group, 
p<0.01. **Significant difference from SubHyper, 
p<0.01. 

 
Figure 2. Comparison of serum vaspin levels in study 
groups. Boxes represent the means of the serum 
vaspin levels and error bars indicate±standart 
deviation. Significant difference from control group was 
shown with an asterisk. The value of p<0.05 was 
considered as statistically significant, in all statistical 
analyses. *Significant difference from control group, 
p<0.01. 
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shows serum vaspin levels in SubHyper, SubHypo 
and healthy control groups. Serum vaspin levels were 
found as 0.44±0.12 ng/mL in patients with SubHypo, 
0.53±0.14 ng/mL in patients with SubHyper and, 
1.05±0.8 ng/mL in the control group. Serum vaspin 
levels were found to be statistically lower in both 
patients with SubHypo and SubHyper as compared to 
control (p<0.01). There was no significant difference 
in serum vaspin levels between SubHyper and 
SubHypo (p>0.05). 
In Figure 3, serum IL-10 levels of SubHyper, 
SubHypo, and control groups are given. Serum IL-10 
levels were found to be 34.28±4.96 pg/mL in 
SubHypo patients, 25.27±2.87 pg/mL in SubHyper 
patients, and 38.52±3.85 pg/mL in controls, 
respectively. Serum IL-10 levels were found lower in 
SubHyper patients compared to the control group. 
There was no significant difference in serum IL-10 
levels between SubHypo and healthy control 
(p>0.05), SubHyper and SubHypo (p>0.05). Serum 
CRP levels in SubHyper, SubHypo, and control 
groups are given in Figure 4. In our study, serum CRP 
levels were found as 627.35±19.83 ng/mL in 
SubHypo, 619.04±16.38 ng/mL in SubHyper, and 
195.76±18.94 ng/mL in the control group. Serum 
CRP levels were found to be importantly higher in 
patients with SubHypo and SubHyper compared to 
controls (p<0.01). 
In Figure 5, serum Ox-LDL levels are given in study 
groups. Serum Ox-LDL levels were found to be 
8.33±0.11 ng/mL in patients with SubHypo, 8.27±0.66 
ng/mL in patients with SubHyper, and 8.34±0.13 
ng/mL in the control group, respectively. There was 
no difference between all groups in serum Ox-LDL 
levels (p>0.05).  
Figure 6 shows the ABI values in SubHyper, 
SubHypo, and healthy control groups. ABI values 
were found 1.055±0.02 in SubHypo, 1.020±0.02 in 
SubHyper, and 1.040±0.02 in the control group, in our 
study. No statistically significant difference was 
observed between the groups in terms of ABI values 
(p>0.05). 
Figure 7 demonstrates serum TAS levels in study 
groups. Serum TAS levels were 2.27±0.26 mmol/L in 
SubHypo, 2.20±0.58 mmol/L in SubHyper, and 
2.07±0.57 mmol/L in the control group, respectively. 
Serum TAS levels were significantly higher in patients 
with SubHypo compared to control (p<0.01). 
Although TAS levels of patients with SubHyper were 
higher than the control group, were not significant 
(p>0.05). The comparison of TOS levels in SubHyper, 

SubHypo, and healthy controls were given in Figure 
8. TOS levels were found 10.43±0.63 µmol/L in 
patients with SubHypo, 4.44±0.31 µmol/L in patients 
with SubHyper, and 9.90±0.52 µmol/L in the control 
group, respectively. Serum TOS levels were found to 
be significantly lower in patients with SubHyper 
compared to the control group (p<0.01). There was 
no statistically significant difference between 
SubHypo and healthy control groups in terms of 
serum TOS levels (p>0.05). Figure 9 shows the 
serum OSI values in SubHyper, SubHypo, and 
healthy control groups. Serum OSI values were 
calculated as 4.58±0.26 in patients with SubHypo, 
2.00±0.15 in patients with SubHyper, and 5.06±0.36 
in the control group, respectively. Serum OSI values 
were significantly lower in patients with SubHyper 
compared to controls (p<0.01). No statistically 
significant difference was obtained between 
SubHypo and healthy control groups in terms of 
serum OSI values (p>0.05). 
Using bivariate correlation analysis among measured 
parameters in patients with SubHyper, a positive 
correlation was found between TOS and OSI 
(r=0.887, p<0.01), and a negative correlation was 
found between IL-10 and TOS (r=-0.318, p<0.05). 
Positive correlation was found between TOS and OSI 
(r=0.978, p<0.01), and negative correlations were 
found between IL-10 and Ox-LDL (r=-0.470, p<0.01) 
in patients with SubHypo. In healthy controls, positive 
correlations were found between vaspin and TOS 
(r=0.303, p<0.05), Ox-LDL and TOS (r=0.344, 
p<0.05), TOS and OSI (r=0.479, p<0.01), and 
negative correlations were found between IL-10 and 
Ox-LDL (r=-0.439, p<0.01), IL-10 and TOS (r=-0.395, 
p<0.01), TAS and OSI (r=-0.685, p<0.01).  
 
DISCUSSION 
There is a tight interaction between thyroid hormones 
and adipokines (3). Clinical studies have revealed 
changes in apelin, adiponectin, and leptin adipokines 
accompanying thyroid disorders (2,3,18). The 
pathophysiological role of thyroid hormones 
regulating chemerin and vaspin in subclinical thyroid 
diseases has not been clarified yet. Thus, we mainly 
aimed to demonstrate the clinical significance of 
chemerin and vaspin adipokines in SubHyper and 
SubHypo. Additionally, serum levels of IL-10, CRP, 
Ox-LDL, TAS, and TOS were measured to show the 
changes in inflammation and oxidative stress in 
subclinic thyroid disorders.    
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Many inflammatory molecules circulating in the blood 
are might be a potential markers. In many studies 
conducted in recent years, it has been shown that 
human plasma chemerin levels have a significant 
relationship with BMI, inflammation, and metabolic 
syndrome (19,20). Nevertheless, there are limited 
studies in the literature investigating the role of serum 
levels of chemerin and vaspin in thyroid diseases. 
Berta et al. evaluated serum chemerin levels in 
patients with Hashimoto's Thyroiditis (HT) and found 
no differences between patients and controls. It was 

also reported by the authors that no correlation was 
observed between chemerin and TSH, fT3, and fT4 

levels (21). On the other hand, Alshaikh et al. stated 
that serum chemerin levels were higher in patients 
with hyperthyroidism compared to controls. 
Moreover, serum chemerin concentrations were 
positively correlated with total triiodothyronine (TT3), 
total thyroxine (TT4), and fT3 and negatively 
correlated with TSH and fT4 (4). In a study conducted 
on rats with experimentally induced thyroid 
dysfunction, a significant increase in chemerin was 

 
Figure 5. Comparison of serum Ox-LDL levels in study 
groups, Ox-LDL (Oxidized LDL). Boxes represent the 
means of the serum Ox-LDL levels and error bars 
indicate±standart deviation. The value of p<0.05 was 
considered as statistically significant, in all statistical 
analyses. 
 
 
 

 
Figure 6. Comparison of serum ABI levels in study 
groups, ABI (Ankle Brachial Index). Boxes represent the 
means of the serum ABI levels and error bars 
indicate±standart deviation. The value of p<0.05 was 
considered as statistically significant, in all statistical 
analyses. 
 
 
 

 
Figure 7. Comparison of serum TAS levels in study 
groups. Boxes represent the means of the serum TAS 
levels and error bars indicate±standart deviation. 
Significant difference from control group was shown 
with an asterisk. The value of p<0.05 was considered 
as statistically significant, in all statistical analyses. 
*Significant difference from control group, p<0.01, TAS 
(Total Antioxidant Status) 
 

 
Figure 8. Comparison of serum TOS levels in study 
groups. Boxes represent the means of the serum TOS 
levels and error bars indicate±standart deviation. 
Significant difference from control group was shown 
with an asterisk. The value of p<0.05 was considered 
as statistically significant, in all statistical analyses. 
*Significant difference from control group, p<0.01, TOS 
(Total Oxidant Status). 
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observed in clinical hypothyroidism, while a decrease 
in hyperthyroidism. Additionally, a positive correlation 
was found between chemerin and TSH in 
hyperthyroidism, hypothyroidism, and healthy control 
groups. They indicated that chemerin may be a 
marker in thyroid hormone disorders since 
experimentally induced thyroid dysfunction affects 
chemerin (22). Similarly, higher serum chemerin 
levels were found in three groups of SubHypo rats 
administered increasing doses of methimazole 
compared to euthyroid rats. Additionally, it has been 
reported that there is a positive relationship between 
chemerin levels and TSH in study groups (23). In 
another study with different doses of methimazole, 
gene expression of chemerin and serum levels were 
measured. Compatible results with the previous 
studies in terms of serum chemerin levels and 
expressions were obtained (24). Considering the 
literature, there are very few clinical studies 
examining the relationship between chemerin and 
thyroid diseases. Our study was the first to investigate 
chemerin levels in SubHyper and SubHypo cases. In 
the study, serum chemerin levels were significantly 
higher in patients with SubHypo compared to patients 
with SubHyper. Serum chemerin was significantly 
lower in patients with SubHyper compared to healthy 
controls. Although there were higher chemerin levels 
in SubHypo patients compared to healthy controls, no 
significant difference was found.  

Higher/lower serum vaspin levels were obtained in 
hypothyroidism/hyperthyroidism compared to the 
control group in the study of Jowari et al.. They 
thought that these changes in vaspin levels may be 
due to the effect of thyroid hormone disorder (25). 
Çınar et al. analyzed serum vaspin in clinical 
hypothyroidism, SubHypo patients, and euthyroid 
healthy controls. They found higher serum vaspin 
levels in SubHypo and clinical hypothyroidism 
compared to controls, but there were no significant 
differences between groups. Also, there was no 
correlation between vaspin levels and TSH (26). 
Salam et al. examined the effects of experimentally 
induced hyperthyroidism and hypothyroidism on 
vaspin, adiponectin, and visfatin levels in rats. They 
reported increased/decreased vaspin levels in 
hypothyroidism/hyperthyroidism compared to 
controls. In addition, serum vaspin levels were found 
negatively correlated with T3 and T4 levels and 
positively correlated with TSH levels in all study 
groups. They concluded that the decrease in vaspin 
production in hyperthyroid rats might be due to the 
dominant effect of T3 on adipocytes (27). Likewise, 
Gonzalez et al. stated that vaspin mRNA levels were 
significantly decreased in rats with hyperthyroidism 
compared to rats with euthyroidism and increased 
significantly in rats with hypothyroidism although 
there was no change in glucose and insulin levels, 
and this was explained as thyroid dysfunction may 
affect vaspin expression (5). In our study, serum 
vaspin levels were found to be significantly lower in 
patients with SubHypo and SubHyper compared to 
the control group. While the data obtained from our 
study are consistent with the results obtained by 
Salam et al., Jowari et al., and Gonzalez et al. in 
terms of decreasing vaspin levels in the hyperthyroid 
model, decreasing serum vaspin levels in patients 
with SubHypo were first shown. 
IL-10 is a mediator that regulates the systemic 
inflammatory response. It has an important role in 
autoimmune thyroid diseases and regulates the 
growth and development of both normal and 
neoplastic thyroid cells (28). CRP, which is a 
nonspecific marker of inflammation, is synthesized by 
the liver. The changes in serum CRP levels have not 
been routinely used to monitor thyroid disease, 
whereas inflammation occurs in many thyroid 
diseases. In a study conducted by Marchiori et al., 
serum CRP and IL-10 levels were measured at the 
end of 6 and 12 months to examine the changes in 
some inflammatory markers in hypothyroid patients 

 
Figure 9. Comparison of serum OSI values in study 
groups. Boxes represent the means of the serum OSI 
levels and error bars indicate±standart deviation. 
Significant difference from control group was shown with 
an asterisk. The value of p<0.05 was considered as 
statistically significant, in all statistical analyses. 
*Significant difference from control group, p<0.01, OSI 
(Oxidative Stress Index). 
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receiving levothyroxine treatment. Researchers 
found an increase in serum IL-10 levels in 
measurements after 6 and 12 months of 
levothyroxine treatment, but no significant difference 
was observed in CRP over time. They postulated that 
the changes in cytokine levels may be due to thyroid 
hormones (29). The serum concentration of IL-10 
levels was measured in patients with extreme obesity 
in a study performed by Gómez-Zamudio et al. (30). 
For analyzing the effect of the presence of 
hypothyroidism on IL-10, patients with 
hyperthyroidism were excluded from the study, and 
euthyroid and hypothyroidism patients were 
compared. They reported that serum IL-10 levels did 
not differ in patients with hypothyroidism compared to 
euthyroid individuals (30). Tuzcu et al. aimed to 
determine CRP concentrations in SubHypo. It was 
shown that serum CRP values were higher in patients 
with SubHypo compared to the control group (7). 
According to the study of Kvetny et al. SubHypo was 
associated with higher concentrations of CRP (31). In 
our study, significantly decreased serum IL-10 levels 
were obtained in patients with SubHyper compared to 
the control group. This decline in IL-10 levels may be 
related to the increased antioxidant defense 
mechanism in patients with SubHypo. Serum CRP 
levels were found as statistically high in patients with 
both SubHypo and SubHyper compared to controls. 
Serum CRP results observed in SubHypo from our 
study are consistent with studies of Tuzcu et al. and 
Kvetny et al. We think that the increased serum CRP 
levels in the study are due to the increased 
inflammation in both subclinical groups. 
Many studies to date have demonstrated that high 
oxidative stress supports oxidative modification of 
LDL levels. There are studies showing that excessive 
secretion of thyroid hormones may cause an increase 
in Ox-LDL levels (8,32). Itterman et al. measured the 
Ox-LDL levels of participants to determine the 
relationship between serum TSH and Ox-LDL levels 
and noted a positive relationship between them. They 
also suggested that Ox-LDL levels elevated with the 
increase in serum TSH levels, especially in the range 
of subclinical thyroid disease (33). Uçan et al. 
measured serum Ox-LDL before and after thyroid 
hormone therapy in HT patients and controls. They 
found no difference in serum Ox-LDL levels between 
patient and control groups (34). In another study, 
plasma Ox-LDL levels were evaluated in SubHypo, 
clinical hypothyroidism, and healthy individuals. It 
was reported that plasma Ox-LDL levels were 

significantly higher in clinical hypothyroid patients 
compared to the control group. They also found that 
plasma Ox-LDL was higher in SubHypo patients 
compared to controls but not significant. It was 
suggested that thyroid hormone deficiency affects 
Ox-LDL levels (35). In our study, there was no 
significant difference in serum Ox-LDL levels among 
individuals with SubHyper, SubHypo, and control. 
Our results are consistent with data obtained from the 
study of Uçan et al. and Duntas et al.  
There are few studies in the literature investigating 
the relationship among thyroid dysfunction, ABI 
measurement, and PAD. In a study by Ittermannet al., 
ABI values were measured, and no significant 
relationship was found between TSH concentrations 
and ABI values (11). Compatible with this study, no 
significant difference was found between the groups 
in terms of ABI values in our study. 
In thyroid diseases, TAS plays an essential role in 
protecting the organism from damage caused by 
oxidative stress and is an important parameter that 
can be used to assess redox status with TOS and 
OSI. In a study involving SubHypo and healthy 
individuals, TAS, TOS, and OSI were determined. 
TAS and OSI were found higher in SubHypo patients 
compared to controls. They reported that OSI showed 
a strong positive correlation with TSH levels in both 
groups (12). In another study, Cheserek et al. 
examined oxidative stress status in SubHypo and 
euthyroid individuals. Although studies detected 
higher serum levels of TAS in SubHypo patients 
compared to the control group, they did not find a 
significant difference between the groups (36). Ateş 
et al. studied the association between HT and 
oxidative stress parameters in euthyroid, subclinical, 
and overt hypothyroid stages. It was noted that TOS 
and OSI levels were higher, while TAS levels were 
lower in the overt hypothyroid group, whereas it was 
similar in control, euthyroid, and SubHypo groups. 
Also, it was shown that TOS and OSI were higher in 
SubHypo compared to controls, while TAS levels 
were similar in these groups (37). Aslan et al. 
evaluated the oxidative status of patients with 
hyperthyroidism and healthy controls. Serum TAS 
levels were found significantly lower in the 
hyperthyroidism group than controls, while serum 
TOS and OSI levels were significantly higher (38). In 
our study, serum TAS levels were found significantly 
higher in the SubHypo group compared to controls. 
While our results are compatible with the results of 
Cebeci et al. (12), there is a study with opposing-view 
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by reporting that there is no significant difference 
between groups (36). Changes in serum TAS levels 
in SubHypo may have occurred due to increased 
oxidative stress in SubHypo. We found that TOS and 
OSI were found to be significantly lower in SubHyper 
patients as compared to healthy controls. These 
controversial results in the study obtained by Aslan et 
al. may be due to increased oxidative stress.  
 
Limitations 
There is no doubt that the limitations of the original 
research were insufficient sample size, so these 
findings should be confirmed with further studies, 
especially with a larger population. 
 
CONCLUSION 
In conclusion, our study is the first in the literature to 
investigate the levels of serum chemerin and vaspin 
adipokines in subclinical thyroid diseases in humans. 
Although the conditions that affect the parameters 
evaluated in the study were excluded in the selection 
of the patient group, decreases were observed in 
Subhyper in serum chemerin levels and in both 
Subhyper and Subhypo in vaspin levels. CRP levels 
increased in both groups in subclinical thyroid 
patients as expected due to inflammation, while IL-10 
levels decreased only in the Subhyper group. High 
TAS levels in the subhypo group and low TOS and 
OSI levels in the subhyper group indicate that the 
oxidative balance is impaired in subclinical thyroid 
diseases. 
It is thought that new studies to be conducted with 
more patients in which serum chemerin and vaspin 
levels are investigated will contribute to evaluating the 
diagnosis and prognosis of thyroid diseases in which 
many factors participate in the etiology. 
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INTRODUCTION 
Today, one of the most important causes of 
environmental pollution is the increase in the amount 
of waste. Hospitals are open 365 days, 7 days a 
week, twenty-four hours a day, because they offer 
hotel services, restaurants, and office services as well 
as clinical services and there are too many 
employees, they are also among the places where 
intensive waste production as well as energy and 
water consumption (1, 2). Sterile procedures, 
surgeries, patient hygiene, and numerous other 
services require a wide range of materials that are 
contaminated or disposable, even if they are opened 

and not used (3). Particularly among the nursing care 
activities, many wastes that can be recycled and non-
recyclable are produced during drug treatment/drug 
procedures (4). Given that nurses often represent the 
majority of employees in a hospital and participate 
directly in patient care, the fact that they are an 
important source of consumer and waste producer is 
emerging (5-7).  
Nurses have professional responsibilities for waste 
management (2). Studies show that nurses have low 
levels of knowledge/practice on environmental 
protection, rational use of resources and waste 
management practices (8, 9). In particular, there is 

ABSTRACT 
Purpose: To evaluate the effect of the Hospital Recycling Program conducted for the wastes generated 
during the practice of nurses on the recycling behavior and waste amounts of the nurses. 
Material and Methods: A quasi-experimental study with a pre-test and post-test control group was 
conducted with 64 nurses. Data were collected by the Nurse Descriptive Characteristics Form, Recycling 
Scale for Sustainable Hospital, and Unit Waste Registration Form. The Hospital Recycling Program based 
on the Theory of Planned Behaviour was applied to the intervention group. 
Results: The Hospital Recycling Program had a positive effect on attitudes/behavior intention, and 
recycling behavior scores of nurses in the intervention group; the amount of recyclable waste was 
significantly increased compared to the control group (p<0.05). It was found that perceived behavioral 
controls of all nurses affected the intention to recycle and the Hospital Recycling Program had a significant 
effect on the attitudes of the nurses in the intervention group (p<0.05). 
Conclusion: The Hospital Recycling Program based on the Theory of Planned Behaviour has a positive 
effect on the recycling behaviors of the nurses and the amount of recyclable waste. 

Keywords: attitude, hospitals, intention, nurse, recycling. 
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evidence that there are problems with effective 
recycling practices and the separation of waste at the 
source (7,10). To reduce the risk of disease 
transmission, nurses dispose of some of the waste in 
domestic waste and recycling and unnecessarily 
waste them into medical waste bags. The inclusion of 
recyclable wastes in domestic waste and medical 
wastes brings economic and environmental burdens, 
so the separation of wastes at the source is important 
(9-11). However, it is stated that nurses are generally 
unaware of waste and energy costs (12). However, 
nurses need to be an active part of cost-effective 
efforts (13). 
 Nurses should be involved in waste management 
practices to improve environmental sustainability in 
health care (5, 6).  Since environmental problems 
cannot be solved only by technology and laws, 
individual behavior changes are required. There 
should also be a change in knowledge and attitude 
for behavior change. Developing a positive attitude 
towards the environment is possible with 
environmental education (14). Environmental 
education aims to increase the awareness of the 
individual about environmental problems (15). 
Theory-based studies need to be conducted and 
tested to understand the mechanism responsible for 
recycling behavior. In this context, in many studies, 

the Theory of Planned Behavior (TPB) has been 
successfully applied to understand the behavior of 
recycling (16-18). In our country, it is determined that 
studies on recycling behavior are concentrated in 
educational sciences and there is no study on nursing 
(19-21). For a sustainable future, it is important to 
explain the recycling behavior of nurses based on the 
model (16). Supporting nurses with a professional 
and motivating approach is thought to positively affect 
their recycling behavior. It is thought that nurses who 
are role models in hospitals will improve their 
recycling behaviors and contribute to gaining these 
behaviors in student nurses. This study aimed to 
evaluate the effect of the Hospital Recycling Program 
prepared by the researcher on the recycling behavior 
of the nurses and their waste amounts. 
 
MATERIAL AND METHODS 
Design  
The study was conducted as a quasi-experimental 
study with a pre-test, and post-test control group.The 
research hypotheses were: 
-H1: The Hospital Recycling Program affects the 
recycling behaviors of nurses. 
-H1: The Hospital Recycling Program affects the 
amount of recyclable waste in the clinic. 
 

 
Figure 1. Data Collection Stages 
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; Step 1: The amount of waste produced by the clinics (domestic, medical, cutter-piercing 
waste, recyclable waste) was measured by using digital hand scales (maximum 40 kg 

weighing, 10 gram measurement accuracy) for seven days in cooperation with the waste 
managers in the clinics and the data were recorded on the unit waste record form.

Step 2: Immediately after the end of the first waste measurement, “NDCF and RSSH" were 
applied as a pre-test by face-to-face interview technique according to the shifts of the 

nurses (intervention and control group) in both groups.

Step 3: Hospital Recycling Program was applied to the nurses in the intervention group.

Step 4: The final waste measurement was carried out in both clinics for seven days (after 
15 days after the training under the Hospital Recycling Program for the intervention group 

and one month after the end of the pre-test questionnaire for the control group).

Step 5: Immediately after the end of the waste measurement, “RSSH” was applied as a 
post-test according to the shifts of the study of the nurses (intervention and control group) in 

both groups.
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Place and Time of Study 
The study was conducted between June 2017 and 
February 2018 at a University Medical Faculty 
Hospital General Surgery and Cardiovascular 
Surgery Clinics (service, intensive care, and 
operating room). 
 
Sample  
The sample of the intervention group consisted of 
nurses at the Cardiovascular Surgery Clinic and the 
control group at the General Surgery Clinic. Because 
of the high number of recyclable medical products in 
these clinics, nurses working in these units were 
sampled and randomly determined. The most 
intensive clinics of the hospital in terms of patient 
circulation and working nurse were selected. The 
nurses here were chosen because they would 

support the researcher in data collection.The study 
sample was composed of 64 nurses based on a 
confidence interval of 95%, moderate effect size 
(d=0.50), and a statistical power of 80%. The study 
was started with 72 nurses and was completed with 
64 nurses (intervention = 32, control = 32) due to 
health problems and unit change. Power analysis 
(G*Power v3.1.7) made at the end of the study 
showed a statistical power of 81% based on a 
confidence interval of 95%. 
Inclusion criteria. Voluntary nurses working in 
cardiovascular and general surgery clinics who 
accepted to participate in the study were included in 
the study. 
Exclusion criteria. Nurses who were leaving work, on 
sick leave, on annual/unpaid leave were excluded 
from the study.  

Table 1. Distribution of Nurses in the Intervention and Control Group by Descriptive Characteristics 

Characteristics  Intervention  
(n = 32) 

Control  
(n = 32) 

Total 
(n = 64) 

Test value 
p 

Age (year) Min-Max 
(Median) 

23-49 (33.5) 23-58 (35) 23-58 (34) t=-0.473 

x̄±SD 33.97±6.74 34.88±8.48 34.42±7.62 ap =0.638 
Gender Female 31  31  62  χ2=0.001 

Male 1  1  2  bp =1.000 
Marital status Married 14  20  34  χ2=2.259 

Single 18  12  30  cp= 0.133 
Education University 25  30  55  χ2=3.232 

Graduate 7  2  9  bp =0.148 
Professional working time (year) Min-Max 

(Median) 
1-30 (10) 1-36 (12) 1-36 (10) t=-0.624 

x̄±SD 11.17±7.49 12.44±8.70 11.80±8.08 ap =0.535 
Department Clinic 13  12  25  χ2=2.127 

Intensive 
care 

9  14  23  cp =0.345 

Operating 
room 

10  6  16   

Professional position Clinic nurse 18  21  39  χ2=1.363 
Supervisor 
nurse 

1  2  3 ap =0.562 

Other 13  9  22  
Membership in the environmental 
group 

Yes 
No 

1  
31 

2 
30 

3  
61 

χ2=0.350 
bp =1.000 

Thinking that nurses should take an 
active role in protecting environmental 
health 

Yes 
No 

27  
5 

28  
4 

55  
9 

χ2=0.129 
bp =1.000 

Evaluation of hospital recycling 
activities 

Min-Max 
(Median) 
x̄±SD 

1-7 (3) 
3.09±1.61 

1-7 (4) 
4.03±1.71 

1-7(4) 
3.56±1.72 

Z=-2.158 
ep =0.031* 

aStudent t Test. bFisher’s Exact Test. cPearson Chi-Square Test. dFisher Freeman Halton Test. eMann Whitney U Test    
*p<0.05 
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Table 2. Evaluation of Recycling Scale for Sustainable Hospital Sub-Dimension and Scale Scores By Groups 
 
Sub-dimensions 

Intervention  
(n = 32) 

Control  
(n = 32) 

 
Test value    p 
 Median/ x̄±SD Median/x̄±SD 

 
1. Attitude 

Pretest 6.1 6.4  
 
Z=-3.213 ep =0.001** Posttest 

Point 
difference 

6.7 
0.73±0.63 

6.6 
0.25±0.57 

2. Behavior results 

Pretest 7 7  
 
Z=-0.195    ep=0.846 Posttest 

Point 
difference 

7 
0.20±0.50 

7 
0.17±0.45 

3. The importance of the results of 
behavior 

Pretest 7 7  
 
Z=-0.904    ep=0.366 Posttest 

Point 
difference 

7 
0.18±0.46 

7 
0.07±0.31 

4. Subjective norm 

Pretest 5.5 6.5  
 
Z=-1.296    ep=0.195 Posttest 

Point 
difference 

6 
0.73±1.45 

7 
0.41±0.93 

5. Perceived expectations 

Pretest 5.4 5.6  
 
Z=-0.949    ep=0.343 Posttest 

Point 
difference 

6.2 
0.63±1.34 

6.1 
0.29±0.95 

6. The importance of expectations 

Pretest 6.1 6  
 
Z=-0.189    ep=0.850 Posttest 

Point 
difference 

6.7 
0.62±1.57 

6.8 
0.46±1.30 

7. Perceived behavior control 

Pretest 4.88±1.02 5.19±1.19  
Posttest 
Point 
difference 

5.70±1.10 
0.81±1.26 

5.24±1.11 
0.05±1.18 

 
t=2.479    ap= 0.016* 

8. Perceived conditions/situations 

Pretest 4.55±1.02 5.16±0.89    
   
    t=4.101   ap=0.001** 

Posttest 
Point 
difference 

5.59±0.52 
1.04±1.01 

5.21±0.91 
0.05±0.91 

9. Facilitating conditions/ situations 

Pretest 6.3 6.3    
    
    Z=-1.926   ep=0.054 

Posttest 
Point 
difference 

6.3 
0.28±0.66 

6.3 
-0.01±0.42 

10. Behavior intention  
 

Pretest 6 6    
 
    Z=-2.053  ep=0.040* 

Posttest 
Point 
difference 

7 
0.96±1.15 

7 
0.40±0.88 

11. Recycling behavior 

Pretest 5 5.8  
Posttest 
Point 
difference 

6.2 
1.25±1.72 

6 
0.29±1.11 

 
Z=-2.184  ep=0.029* 

Scale Total 

Pretest 5.64±0.50 5.93±0.49  
 
 t=3.947   ap=0.001** 

Posttest 
Point 
difference 

6.32±0.27 
0.68±0.52 

6.15±0.44 
0.22±0.39 

aStudent t Test. eMann Whitney U Test. *p<0.05. **p<0.01 
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Data Collection Tools 
Nurse Descriptive Characteristics Form (NDCF): 
The form consisted of 10 questions that were 
developed in light of the relevant literature (20, 22). 
Recycling Scale for Sustainable Hospital (RSSH): 
Tekkaya et al. (2011), the 7-point Likert-type scale, 
created according to TPB, is intended to determine 
the recycling behavior of university students on 
campus and consists of 11 sub-dimensions and 90 
questions (20). The average score for the scale sub-
dimensions was obtained by summing all the items in 
the sub-dimension and dividing by the total number of 
items. The mean score for the whole scale was 
obtained by summing all items in the scale and 
dividing it by the total number of items. Negative 
expressions (4 items) were reverse coded. Some 
expressions in the Perceived Expectations and 
Importance of Expectations sub-dimensions were 
changed with the permission of the scale owner as 
the study was conducted in the hospital environment: 
university management=hospital management, 
faculty members=nursing, services directorate, 
responsible nurses, campus=hospital. The Recycle 
Behavior sub-dimension included a blue wrap, glass 
vial, IV bag, medical packaging, and oxygen mask 
(Cronbach's Alpha coefficient = 0.83). Cronbach's 
Alpha coefficient values of each sub-dimension were 
calculated in the original scale, and no calculation 
was made for the scale total. In this study, Cronbach’s 
Alpha coefficient of the scale was calculated as 0.92 
in the pre-test.Cronbach's Alpha coefficient values 
are as follows: the attitude (original:0.87, this study: 
0.89), behavior results (original:0.93, this study: 
0.94), the importance of the results of the behavior 
(original:0.95, this study: 0.96), subjective norm 
(original: 0.67, this study: 0.75), perceived 
expectations (original:0.89, this study: 0.86), the 
importance of expectations (original:0.92, this 
study:0.96), perceived behavior control (original:0.72, 
this study: 0.77), perceived conditions/conditions 
(original: 0.76, this study: 0.75), facilitating 
conditions/situations (original: 0.92, this study: 0.83), 
behavior intention (original: 0.93, this study: 
0.94),recycling behavior (original:0.90, this study: 
0.80) (20).  
Unit Waste Registration Form: The form was 
developed considering the relevant literature (23). It 
is a form in which seven-day measurements of the 
unit name, collector and waste types (domestic, 
medical, sharp-drilling, recyclable) are written. 
 

Data Collection 
Figure 1 presents data collection stages. 
 
Implementation of Hospital Recycling Program 
The content of the program consists of seven 
interference packages; 
1. Recycling Training for Nurses: The training 
(individual or group) was conducted with 8 different 
groups interactively with 45 minutes PowerPoint 
presentation, video demonstration and 15 minutes 
discussion on the subject (a total of one hour, one 
time). Nurses were allowed to express their concerns 
and ask questions. In the presentation of 51 slides 
prepared by scanning the literature; waste 
management, legal responsibilities in waste 
management, the definition of recycling, benefits of 
recycling, recyclable medical materials, examples of 
recycling practices in hospitals around the world, 
nurses' responsibilities in recycling practices are 
included (7, 9, 10-12, 23-25). 
 2. 'Support recycling you too' Video: It was taken by 
the researcher with the technical support of a 
University Information and Communication 
Technologies Application and Research Center to 
emphasize the professional responsibilities of nurses 
and to realize the institutional impact on subjective 
norms. In this video, a member of the Department of 
Cardiovascular Surgery, head nurse and nurse 
responsible for intensive care unit, an environmental 
engineer working in the hospital environmental 
management unit, director of Environmental 
Problems Application and Research Center of our 
university, dean of nursing faculty, thesis supervisor 
and thesis student were included and the messages 
which were determined in line with the literature and 
thought to increase the sensitivity to recycling in 
hospitals were included. The video duration was 4.36 
seconds. Watching the video during the training 
nurses were encouraged to recycle. 
3.  Recycling Board, Posters, and Brochures: The 
board was formed from recyclable medical materials 
(blue wrap, oxygen mask, intravenous bag, medical 
packaging material, glass vial) for use in training. It 
was aimed that the nurses could identify the 
recyclable materials and examine the recycling 
codes. Nurses were given a plastic code list with 
recycling numbers (23). Posters obtained from 
environmental non-governmental organizations were 
hung in the treatment and restrooms of the nurses for 
reminding and warning. 
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4. The slogan of the Hospital Recycling Program: 
Inspired by literature, the following slogan created by 
the researcher was used in the video and on cloth 
bags (26). The slogan was “Economically 
sustainability, Ecologically sensitive, Socially 
sensitive for Nursing Applications Support Recycling 
You Too”. 
5. Recycling Reminder Badge: It was prepared by the 
investigator collecting the vial caps from the 
cardiovascular surgery clinic. 
6. Supply and Increasing the Number of Recycle 
Bins: As it was found out that there were no recycle 
bins in the operating room, 7 recycle bins were placed 
in the operating room and an additional one was 
placed in the service and intensive care units. Also, 
waste battery boxes obtained from an environmental 
non-governmental organization were placed in the 
common room used by the operating room and 
intensive care nurses. 
7. Encouragement of behavior: A stimulating 
environment was created for the nurses by using 
educational materials (posters, brochures, recyclable 
medical equipment board, plastic recycling code list) 
that contain information parallel to the content of the 
program. At the end of the training, nurses, brochures 
obtained from environmental non-governmental 
organizations, pencils (larch seed, obtained from 
recycling), a notepad, a reminder name badge, a 
cloth bag with the slogan of the program, booklet 
created in 2015 by a University Environmental 
Problems Application and Research Center 
distributed for motivation purposes. 
While the program was applied to the intervention 
group, no intervention was applied to the control 
group. Routine hospital operation continued. 
 
Statistical analysis 
SPSS 20.0 software, LISREL 8.8 software for path 
analysis, and G-Power software for power analysis 

were used for data analysis. Numbers, percentages, 
mean, median, minimum, maximum, and standard 
deviation values were used to evaluate descriptive 
characteristics. The suitability of the data for normal 
distribution was determined by Shapiro-Wilk’s test. 
Data were evaluated by Student t-Test, Mann 
Whitney U test, Wilcoxon Signed Ranks, Pearson 
Chi-Square test, Fisher-Freeman-Halton (post hoc 
Bonferroni method) test, and Fisher's Exact test. 
Confirmatory factor analysis was performed to assess 
the compatibility of the model, p<0.05 was considered 
significant. 
 
Ethical considerations 
Ethical approval was obtained from the Clinical 
Research Ethical Committee of a University Medical 
School Research and Training Hospital (Dated 
30.05.2017 and No:17-5.2/20). Written permission 
was obtained for conducting the study in the same 
hospital (dated 29.06.2017 and No:69631334-
302.99) and from the researchers who developed the 
scale used in the study. Verbal and written informed 
consent were obtained from nurses included in the 
study. The research conforms to the provisions of the 
Declaration of Helsinki (as revised in Brazil 2013). 
 
RESULTS 
Activities for the Environment and Personal 
Information of Intervention and Control Group 
Nurses 
It was found that nurses in the intervention and 
control groups were similar in terms of personal 
information and environmental activity characteristics 
(p>0.05). It was found that nurses in the intervention 
group found the recycling activities in the hospital less 
adequate (p<0.05) (Table 1). 
 
Recycling Behavior of Nurses in the Intervention 
and Control Group 

Table 3. Model Fit Indexes and Interpretation 
 

Compliance 
index 

Evaluation criteria Values of the model in this 
study 

Conformity in this study 

χ2 
p value 

0≤χ2 ≤2df 
0.05≤p≤1.00 

8.78 
0.19 (p >0.05) 

Good 

χ2 /df 0≤χ2 /df≤2 8.78/6 (1.46) Good 
RMSEA 0.05≤RMSEA≤0.10 

(Acceptable) 
0.086 Acceptable  

CFI 0.95≤CFI≤0.97 (Acceptable) 0.93 - 
GFI 0.95≤GFI≤1.00 (Good) 0.96 Good 

RMSEA: Root Mean Square Error of Approximation, CFI: Comparative Fit Index, GFI: Goodness of Fit Index 
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As seen in Table 2, the attitude, perceived behavior 
control, perceived conditions/conditions, behavior 
intention, recycling behavior dimensions and total 
scale scores of the intervention group were 
significantly higher than the control group after the 
Hospital Recycling Program (p<0.05). Behavior 
results, the importance of the results of the behavior, 
subjective norm, perceived expectations, the 
importance of expectations, and facilitating 
conditions/situations subscale scores were not 
significantly different in the intervention and control 
groups (p>0.05). 
 
Comparison of Recycling Behavior of Nurses in 
Intervention and Control Groups with Path 
Analysis 
In order to evaluate the effectiveness of the TPB-
based Hospital Recycling Program, a model was 
established by Path Analysis by taking the RSSH 
post-test scores of all nurses in the intervention and 
control groups and the model was found to be in good 
agreement (Table 3). 

In Model 1, the direct impact of the Hospital Recycling 
Program on attitude, subjective norm, perceived 
behavioral control, intention, and behavior; the direct 
effect of attitude, subjective norm, perceived 
behavioral control on intention; the direct effect of 
perceived behavioral control on behavior and the 
direct effect of intention on behavior were evaluated 
together. It was found that Hospital Recycling 
Program (β=2.14, S.E= 5.57) had a significant effect 
on attitude (p<0.05), but it did not directly affect 
subjective norm (β=-1.71, S.E.=5.57), perceived 
behavioral control (β=1.64, S.E.=5.57), intention (β 
=0.96, S.E.=7.87) and behavior (β=0.75, S.E.=5.57) 
(p>0.05). It was determined that perceived behavioral 
control (β=0.94, S.E.=5.57) and intention (β=1.92, 
S.E.=5.57) did not affect behavior (p>0.05). 
Subjective norms (β=-0.08, S.E.= 7.87) and attitudes 
(β=1.10, S.E.=7.87) did not have a direct effect on 
intention (p>0.05), and perceived behavioral control 
(β=2.57, S.E.=7.87) had a significant effect on 
intention (p<0.05). 16% of the total change in the 
intent variable is explained by perceived behavioral 
control (INTENTION=0.31* PERCEIVED 

Table 4. Distribution of Waste Amount of the Intervention and Control Group (kg) 
 
 
Waste Types 

Intervention Group (n=32) Control Group 
(n=32) 

Between Groups 
Test value  

x̄±SD x̄±SD  
Domestic waste Pretest Posttest 

 
In-group 
 
First-Last  
waste difference 

23.49±16.56 33.23±27.89 Z=-0.616. ep = 0.538 
Z =-0.968 ep = 0.333 
 
 
 
Z =-0.013   ep =0.990 

22.80±17.12 
 

gp = 0.543 
 
-0.69±8.47 

31.24±26.80 
 

gp = 0.476 
 
-1.99±8.23 

Medical waste Pretest Posttest 
 
In-group 
 
First-Last  
waste difference 

115.09±74.03 112.27±41.74 Z=-0.541    ep =0.589 
Z=-4.138   ep =0.001** 
 
 
 
Z=-2.956   ep =0.003** 

57.33±27.37 
 
gp = 0.001** 
 
-57.76±53.07 

100.85±23.07 
 
gp = 0.244 
 
-11.42±35.31 

Sharp waste Pretest Posttest 
 
In-group 
 
First-Last  
waste difference 

9.83±7.64 8.62±5.08 Z=-0.050   ep =0.960 
Z=-0.176   ep = 0.860 
 
 
 
Z=-0.138   ep = 0.890 

12.12±3.87 
 
gp =0.224 
 
2.29±7.19 

12.81±7.25 
 
gp = 0.012* 
 
4.19±7.01 

Recyclable waste Pretest Posttest 
 
In-group 
 
First-Last  
waste difference 

2.14±1.77 2.26±0.65 Z=-1.287  ep =0.198 
Z= -3.400  ep =0.001** 
 
 
 
Z=-3.446    ep = 0.001** 

6.45±3.97 
 
gp =0.002** 
 
4.30±3.73 

2.30±0.79 
 
gp =0.730 
 
0.04±0.92 

eMann Whitney U Test. gWilcoxon Signed Ranks. *p<0.05. **p<0.01 
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BEHAVIORAL CONTROL -0.0095* SUBJECTIVE 
NORM +0.14*ATTITUDE+0.12*GROUP, 
Errorvar.=0.87, R²=0.16). 7% of the total change in 
attitude variable is explained by the Hospital 
Recycling Program (ATTITUDE=0.25*GROUP, 
Errorvar.=0.87, R²=0.069) (Model 1). 
 
Intervention and Control Group Average of the 
amount of waste belonging to the units where 
nurses work 
The distribution of domestic, medical, sharp, and 
recyclable waste amounts (kg) belonging to the 
intervention and control groups was shown in Table 
4. It was observed that the amount of waste in the 
pretest was similar. In line with these results, there 
was no statistically significant difference between the 
intervention and control groups in terms of domestic 
and sharp waste amounts after the Hospital 
Recycling Program (p>0.05), and there was a 
statistically significant difference between the 
intervention and control groups in terms of the 
amount of recyclable and medical waste (p<0.05). 
 
DISCUSSION 
Recycling Behavior of Nurses 
It was stated in the literature that nurses had very 
important roles in waste management in hospitals 
and that the positive attitude of nurses increases the 
success of separation practices at the source (27). 
Nevertheless, some studies show that nurses have 
negative attitudes towards waste management (28, 
29). At this point, the importance of education is 
emphasized for proper separation of wastes in 
hospitals. In a study of 255 health workers in Pakistan 
with a pre-test-post-test-control group design 
conducted for 3 months; the intervention group 
received training on medical waste management. At 
the end of the training, there was a significant 
difference in the attitudes of the intervention group 
(30). Six months after the training on hazardous 
waste to 69 healthcare workers in Egypt, positive 
attitudes of participants were found to increase (31). 
In this study, it was determined that the Hospital 
Recycling Program applied to the intervention group 
had a positive effect on the attitudes of nurses, in 
accordance with the literature. 
Knowing how wastes should be separated and which 
wastes are recyclable, the presence of recycling bins 
in the immediate environment contributes to the 
individual's perception of recycling behavior as easy 
(28, 32, 33). When the resources and opportunities of 

the individual increase or the barriers decrease, the 
perception of control over the behavior increases 
(34). In a study conducted with anesthesiologists 
working in private and public hospitals in Australia, 
New Zealand, and the UK, the greatest obstacle to 
recycling waste was the inadequacy of recycling bins 
(28). The reason for the high amount of waste in a 
medical center in Nigeria has been attributed to waste 
bins in unsuitable places and a lack of information on 
medical waste (33). In a study conducted with 164 
healthcare workers in America, the rate of discard of 
glass vials in recycling bins increased from 33% to 
58% after the training initiative (32). In this study, in 
the scope of Hospital Recycling Program, supplying 
and increasing the number of recycling bins, showing 
which medical equipment is recyclable by plastic 
recycling code list, and explaining the hospital 
samples from the world, it was ensured that nurses in 
the intervention group scored high on perceived 
behavior control and perceived conditions/situations. 
 
Investigation of Nurse’s Recycling Behavior by 
Path Analysis 
One of the most common models used to predict and 
explain recycling behavior is TPB (20). In a study 
conducted with 163 health personnel working in a 
hospital in Uganda, perceived behavioral control was 
found to affect intent (16). In this study, in accordance 
with the literature, it was found that perceived 
behavioral control affected intent (17, 18). However, 
although this study did not show the effect of attitude 
on intention, the fact that the study was conducted 
experimentally shows that the effect of the initiative 
on attitude was achieved through the “Hospital 
Recycling Program”. It is thought that this positive 
attitude will turn into behavior in the long run.  
 
Waste Amount of Units 
Considering the high amount of waste produced daily 
by the surgical units in hospitals, it is stated that the 
initiatives to be carried out regarding waste 
management will have a positive impact on the 
environment as well as reduce the waste disposal 
costs and contribute to the saving of hospitals (32). 
The studies propose the use of initiatives to reduce 
the amount of waste in hospitals (training, 
number/availability of waste bins, availability of 
hospital procedures, institutional support) (25). 
Through these initiatives, it was observed that the 
attitudes and behaviors of the personnel were 
changed the amount of medical waste was reduced, 
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and recycling was increased (32, 35, 36). It has been 
shown that the systematic separation of wastes 
identified as having a recycling sign in a hospital 
operating room in Korea can lead to a reduction in 
medical waste production and an increase in 
recyclable waste rates (36). Waste measurement was 
carried out for two weeks following the training 
initiative with the Recycling in the Operating Room 
Project carried out in 16 operating theaters of 
Harborview Medical Center in the USA. As a result, 
medical waste decreased by 59%, and recyclable 
waste increased by 19% (32). After a one-month 
online waste management training program 
conducted by the Association of Perioperative 
Registered Nurses with 66 perioperative employees 
(nurses, anesthesiologists, technicians), there was a 
40.68% reduction in the amount of medical waste 
measured on any day (35). In this study, nurses' 
awareness of recycling was increased, recycling 
behaviors were improved and the amount of 
recyclable waste was increased by conducting 
research-specific initiatives (such as reminder 
badges, video) in addition to similar initiatives in the 
literature. Following the Hospital Recycling Program, 
the amount of recyclable waste increased, and the 
amount of medical waste decreased. It was 
concluded that the Hospital Recycling Program was 
effective in creating behavior change in nurses. 
 
Limitations 
Only the recycling step in the waste management 
hierarchy and the fact that it only includes nurses 
among health professionals constituted the limitation 
of the research. 
 
CONCLUSION 
The Hospital Recycling Program developed 
according to the Theory of Planned Behavior, has 
affected the attitudes of nurses, has significantly 
improved recycling behavior, increased the amount of 
recyclable waste, and reduced the amount of medical 
waste. However, it was a good example of how 
nurses could lead in project development aiming at 
reducing waste in the hospital.  In this respect, 
hospitals may prefer to use this program in waste 
management practices. It has also enabled raising 
awareness about the appropriate waste segregation 
that provides environmental and economic benefits.   
This study not only emphasizes the importance and 
feasibility of the implementation of an appropriate 
waste separation program in the surgical units in the 

hospital, but it is also important in terms of minimizing 
the cost of institutional disposal and showing what 
should be done to reduce the carbon footprint created 
by the health sector. For future research, it may be 
suggested to conduct research (qualitative and 
quantitative) to identify conditions that prevent nurses 
from recycling behavior, to investigate the amount of 
waste in internal clinics as well as surgical units, and 
to investigate the determinants of recycling behaviors 
of all healthcare workers in larger sample groups. 
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INTRODUCTION 
Since the completion of the Human Genome Project, 
there has been research examining the relationship 
between athletic performance and genetics; and 

those led sports scientists to consider many factors 
that affect athletic performance, including 
physiological and environmental factors (1). In 
addition, the effects of genetic factors that determine 

ABSTRACT 
Purpose: The purpose of this research was to investigate the occurrence of ACE InDel and ACTN3 rs1815739 in 
sub-elite fitness athletes and to determine which gene is distinctive by comparing genotype and allele frequencies 
with sedentary individuals. 
Material and Methods: Forty-one sub-elite fitness athletes and the same number of the sedentary volunteers 
participated in the study. Genetic analyzes of the athletes were determined using molecular-based methods such as 
DNA isolation from peripheral blood samples by using a commercial kit and genotyping with real-time polymerase 
chain reaction (Real-Time PCR), and conventional polymerase chain reaction (PCR). The Chi-Square test was used 
to compare the genotype distribution and I, D, C, and T allele frequencies of ACE InDel and ACTN3 rs1815739 
polymorphisms for statistical significance. 
Results: No statistical difference was found for ACE I/D polymorphism in terms of both genotype distribution 
(p=0.4438). A comparison of sub-elite fitness athletes and control groups showed that the ACTN3 rs1815739 
polymorphism had a statistically significant difference in terms of genotype distribution (p=0.0313). 
Conclusion: In conclusion, we suggest that the ACTN3 rs1815739 polymorphism is more effective than the ACE 
InDel polymorphism in fitness athletes. 
 
Keywords: ACE, ACTN3, fitness, gene, polymorphism, power 
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oxygen consumption, glucose/lipid metabolism, and 
fast and slow twitch fibers on athletic performance 
have been reported in studies. These studies formed 
the basis of sports genetics. The aim of sports 
genetics studies is the determination of the candidate 
genes affecting athletic performance, comparing the 
determined gene regions in successful athletes and 
sedentary individuals to assess the genetic effects. 
To have those, it is usually aimed to develop athletes 
or sedentary individuals in their optimal form by 
establishing an association between athletic 
performance and genetic endowments (2, 3).  
Environmental and genetic factors influence muscle 
function and reveal large differences in physical 
performance phenotypes between individuals. It is 
known that only a small part of the effect of genetic 
variants (polymorphism) affecting athletic 
performance on phenotype can be explained. Various 
methodological techniques were used to identify 
correlations between genetic variations and the 
performance of athletes. Case-control association 
studies are based on the assumption that candidate 
gene alleles are more or less common in a group of 
elite athletes (cases) than in the general population 
(controls). Cross-sectional association studies 
examine whether athletes with specific 
genotypes/alleles exhibit different levels of 
phenotypic traits compared to other athletes (4, 5).  
Along with genetic and environmental factors 
involved in muscle function and performance 
metabolism, phenotypic differences arise between 
individuals. These phenotypic differences reveal the 
predisposition of individuals regarding athletic 
performance. To better explain these predispositions, 

 
 
 

 
 
 
 

 
Figure 1. Quantitative PCR amplification of the ACTN3 
rs1815739 polymorphism. FAM indicates the C allele 
(blue curve), whereas VIC (green curve) indicates the T 
allele). (A) The single blue curve indicates the 
homozygous genotype of RR (CC), whereas (B) the blue 
and green curves indicate the heterozygous genotype of 
RX (CT); (C) the green curve for homozygous genotype 
of TT (XX). 

A
 

B
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Figure 2. Representative image amplification products of 
the ACE InDel polymorphisms on agarose gel. The band 
490 bp in length is the I allele, with a 287 bp insert. The 
190 bp band is the D allele. 
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case-control studies were conducted between 
candidate genes and athletic performance. These 
studies are based on the assumption that the 
distribution of the candidate gene's allele in the 
athlete group and control group is correlated and 
statistically significant (6). 
Angiotensin-converting enzyme gene 
insertion/deletion (ACE InDel) and alpha-actinin-3 
(ACTN3) rs1815739 polymorphisms are two of the 
most widely analyzed genes to explain the 
relationship between superior athletic performance 
and the genetics of strength training (7, 8, 9, 10, 11). 
Therefore, we focused on the two most studied 
genes, ACE and ACTN3, to explain the relationship 
between sportive performance and genes in athletes.  
The ACE gene is situated on chromosome 17q23 and 
its encoded protein forms a major part of the renin-
angiotensin system (RAS) (11). The RAS is 
responsible for controlling physiological blood 
pressure. Renin, an enzyme, is released into the 
bloodstream by particular cells which line the 
arterioles at the glomerulus, the filtering unit in the 
kidney. It facilitates the transformation of 
angiotensinogen, a plasma protein, into angiotensin I, 
a decapeptide. Following the action of the 
angiotensin-converting enzyme (ACE) in the blood, 
angiotensin Ⅰ is converted to an octapeptide, leading 
to the formation of angiotensin II (9). The hormone 
Angiotensin II interacts with receptors in the adrenal 
gland to cause the release of aldosterone, which 
prompts the kidneys to take up salt and water, 
narrows the arterioles, and raises blood pressure 
(13). Effects of ACE InDel polymorphisms are 
reported in various studies and populations (11, 14, 
15). The ACE I allele leads to low ACE enzyme levels 
and is thought to be linked to better endurance 
performance. Research has demonstrated that 
people with the ACE D allele tend to exhibit greater 
amounts of strength and muscle mass, as well as a 
higher proportion of fast-twitch fibers. The ACE D 

allele has also been linked to athletes who are elite-
strength (14).   
The ACTN3 gene is located at 11q13.1 and is 
responsible for producing the α-actinin-3 protein. This 
protein, which is expressed in fast-twitch and type II 
fibers, is a sarcomere protein and is essential for 
producing forceful and intense muscle contractions. 
ACTN3 rs1815739 polymorphism is the result of 
cytosine-to-thymine exchange in exon 16 of the gene. 
A stop (X) codon is created in place of the arginine 
(R) codon, which was previously encoding amino acid 
577 of the protein (16). This polymorphism causes 
ACTN3 deficiency in an individual. ACTN3 rs1815739 
polymorphism is a strong candidate for impacting the 
performance of elite athletes performance (11, 17). 
The severity of α-actinin-3 deficiency (TT genotype) 
decreases muscle mass and diameter of fast-twitch 
fibers and increases the proportion of slow-twitch 
fibers (15). 
In literature, there are some information about the 
effect of the given polymorphisms on different sports 
types; most of which have controversial results (19). 
In addition, the genomic profiles of the fitness athletes 
are restricted in this term. This report will be the first 
to have an association with the given polymorphisms 
and Turkish-based fitness athletes. We hypothesized 
the link between the given polymorphisms and the 
power/strength ability of the fitness athletes. 
Therefore the current study aimed to identify the 
distribution of ACE InDel and ACTN3 rs1815739 
polymorphisms among sub-elite fitness athletes’ and 
compare the results with sedentary people's genetic 
polymorphisms. 
 
MATERIAL AND METHODS 
Study Group and Ethical Consideration 
Forty-one sub-elite male fitness athletes and the 
same number of sedentary males (as controls) were 
included in the study. The main inclusion criteria were 
the average training sessions of 4-5 days/week and 

Table 1. Genotype distribution and allele frequency of ACE InDel polymorphism in sub-elite fitness athletes. 
 Genotype p 

Value Allelic Frequency p 
Value 

 II ID DD  I D  
Athletes (n=41) 11 16 14 

0,4438 

38 44 

0,1596 
Percentage 26,8% 39,0% 34,2% 46,3% 53,7% 
Control Group (n=41) 16 15 10 47 35 
Percentage 39,0% 36,6% 24,4% 57,3% 42,7% 

* The results were considered statistically significant if the p<0.05. The χ2 test was utilized to compare the results with 
the control group.   
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the ones who regularly train within the past 2 years. 
Eskişehir Osmangazi University, Clinical Research 
Ethics Committee approved the study protocol 
(Decision Date: 08.02.2016, No: 01) and the research 
was performed in line with the Declaration of Helsinki 
II. All participants signed a written consent form 
detailing the objectives and procedures of the study. 
This work was supported by the Scientific Research 
Organization of Bilecik Şeyh Edebali University 
(2015-02.BSEÜ.13-01). 
 
Genotyping 
DNA samples were isolated from peripheral blood 
samples using a commercial DNA isolation kit 
(Invitrogen, Van Allen Way, Carlsbad, CA, USA). 
Conventional A260/A280 ratio spectrophotometer 
values were used to determine the purity of the 
isolated DNAs. All the isolates had the results 
between 1.6- 2.0 and all were accepted to have the 
required purity for the genotyping process. DNA 
samples have been saved at −20 °C till used for 
genotyping. The ACTN3 rs1815739 polymorphism 
was determined using a Real-time PCR (Applied 
Biosystems StepOne™ Real-Time PCR, Foster City, 
CA, USA) method using isolated DNA material and 
the Taqman genotyping assays genotyping kit 
(Thermo Fisher Scientific Inc., Waltham, 
Massachusetts, USA). The commercially available 
primers for the amplification were as previously 
described (8). Genotyping was performed using 5 μL 
master mix, 3.50 μL H2O, 0.50 μL assay, and 1 μL 
(10 ng) DNA for a total of 10. The T (X) allele was 
determined with FAM primers and the C (R) allele was 
determined with VIC primers (Figure 1).   
The polymerase chain reaction (PCR) was used to 
genotype the ACE InDel polymorphism from the 
isolated DNA sample. Briefly, the genotyping reaction 
was performed in a total volume of 50μL using dNTP 
concentration 0.5 mM, primer concentration 10 pmol, 
total DNA amount 100ng, 2U Taq DNA polymerase 

(Fermentas, Vilnius, Lithuania). The PCR process 
requires a preliminary denaturation at 95°C for 3 
minutes, followed by 35 cycles that consist of 30 
seconds at 95°C, 45 seconds at 53°, 1 minute at 
72°C, and 10 minutes at 72°C after the last cycle 
applied as final elongation. The primers for the 
amplification were as previously described (20). 
Amplicons were examined using agarose gel 
electrophoresis with ethidium bromide (0.2g/mL) 
staining and then visualized under Ultraviolet (UV) 
light. A genotyping procedure was carried out 
involving a 490-bp band (representing the II 
genotype), a 190-bp band (indicative of the DD 
genotype), or a combination of both bands (indicative 
of the I/D genotype) (Figure 2). 
 
Statistical Analysis 
The SPSS software package 22 (SPSS Inc., Chicago, 
IL, USA) was used in the data analysis. The statistical 
significance of ACE and ACTN3 genes genotype 
distribution and I, D, C, and T allele frequencies were 
compared with the Chi-Square test, and the 
significance was tested at the p<0.05 level at 95% 
confidence interval. 
 
RESULTS 
In sub-elite fitness athletes (n=41), the numbers and 
percentages of ACE Indel polymorphism II, ID, and 
DD genotypes were 11 (26.8%), 16 (39.0%,) and 14 
(34.2%), respectively. The D allele (53.7%) was 
counted with a higher percentage than the I allele 
(46.3%). The number and percentages of II, ID, and 
DD genotypes for the control group (n=41) were 16 
(39.0%), 15 (36.6%,) and 10 (24.4%), respectively. In 
the control group, the I allele (57.3%) was counted 
with a higher percentage than the D allele (42.7%). In 
the statistical analysis between sub-elite fitness 
athletes and control groups, no statistical difference 
was found for ACE I/D polymorphism in terms of both 
genotype distribution (p=0.4438) and allelic 

Table 2. Genotype distribution and allele frequency of ACTN3 rs1815739 polymorphism in sub-elite fitness athletes 
 Genotype p 

Value Allelic Frequency p 
Value 

 CC CT TT  C T  
Athletes (n=41) 14 24 3 

0,0313 

52 30 

0,0187 
Percentage 34,2% 58,5% 7,3% 63,4% 36,6% 
Control Group (n=41) 7 23 11 37 45 
Percentage 17,1% 56,1% 26,8% 45,1% 54,9% 

* The results were considered statistically significant if the p<0.05. The χ2 test was utilized to compare the results with 
the control group.   
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frequency (p=0.1596). ACE InDel polymorphism 
results are listed in Table 1. 
In sub-elite fitness athletes (n=41), the numbers and 
percentages of ACTN3 rs1815739 polymorphism CC, 
CT, and TT genotypes were 14 (34.2%), 24 (58.5%), 
and 3 (7.3%), respectively. The C allele (63.4%) was 
counted with a higher percentage than the T allele 
(36.6%). The number and percentages of CC, CT, 
and TT genotypes for the control group (n=41) were 
7 (17.1%), 23 (56.1%), and 11 (26.8%), respectively. 
In the control group, the T allele (54.9%) was counted 
with a higher percentage than the C allele (45.1%). A 
comparison of sub-elite fitness athletes and control 
groups showed that the ACTN3 rs1815739 
polymorphism had a statistically significant difference 
in terms of genotype distribution (p=0.0313) and 
allelic frequency (p=0.0187). The outcomes of the 
ACTN3 rs1815739 variation are shown in Table 2. 
 
DISCUSSION 
Human strength and power are multifactorial 
concepts that are influenced by both multiple genes 
and environmental factors (9, 10). Resistance 
exercise is an effective way to build up skeletal 
muscle mass because it stimulates muscle protein 
synthesis (21). The link between individual genome 
on athletic ability is currently a subject of worldwide 
investigation. The amount of research on how the 
ACE and ACTN3 genes associate with the success 
of power athletes is still limited (4). The current 
research is a genetic case-control study conducted 
on Turkish fitness athletes. The novelty of the present 
study was the evaluation of the ACE InDel and 
ACTN3 rs1815739 polymorphisms on sub-elite 
fitness athletes. 
ACE InDel polymorphism ID genotype and the 
ACTN3 rs1815739 CT genotypes are probably the 
preferred genotypes for Turkish fitness athletes 
(39.0%; 58.6%, respectively). To date, ACE and 
ACTN3 polymorphisms had been associated with 
power, strength, and endurance in determining 

athletic performance. Those findings suggest that the 
ACE I allele was linked to endurance, while the D 
allele was associated with sprinting and 
power/strength performance. Additionally, ACTN3 
CC and CT genotypes were found to be connected to 
elite power/strength athletes (22, 23). In the present 
study, we detected no statistically significant 
difference in the ACE InDel polymorphism (Table 1) 
between sub-elite fitness athletes and sedentary 
people (p=0.4438). However, we detected a 
statistically significant difference in the ACTN3 
rs1815739 polymorphism (p=0.0313). Therefore, our 
results do not support the hypothesis that the ACE 
InDel polymorphism is related to power/strength 
ability. However, when the literature is examined, it 
was that the relationship between ACE and ACTN3 
genes and sportive performance is not clear and 
more studies are needed. 
Polat et al. (24) analyzed the same polymorphisms in 
11 Turkish bodybuilders. They reported that CT 
(54%) genotype was higher than the CC (45%) 
genotype in ACTN3 polymorphism, and the TT 
genotype was not detected in their cohort. For the 
ACE I/D polymorphism, 73% of bodybuilders had ID, 
18% had II, and 9% had DD genotypes. They 
highlighted the significance of ACE and ACTN3 
polymorphisms associated with stamina in 
bodybuilders. These findings were in agreement with 
our findings in the terms of genotype percentage, 
suggesting the importance of ethnicity in selected 
polymorphisms. 
Muhan et al. (25) investigated the determination of 
ACTN3 rs1815739 polymorphism in football players 
and the relationship between the genotypes of 
football players and their positions. The TT genotype 
(55.0%) and T allele (72.5%) were found to be higher 
in football players, while the CT genotype (53.9%) 
and T allele (53.3%) was higher in the control group. 
It was determined that midfielders who require 
endurance are mostly in the TT genotype, while the 
sprinter strikers are in the CC genotype. Due to the 

Table 3. Combined distribution of ACE InDel and ACTN3 rs1815739 polymorphisms in sub-elite fitness athletes. 
 

ACE I/D ACTN3 rs1815739 
Polymorphisms, n (%) CC CT TT 
DD 6 (14,63%) 8 (19,51%) - 
ID 5 (12,20%) 9 (21,95%) 2 (4,88%) 
II 3 (7,32%) 7 (17,07%) 1 (2,44%) 
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same ethnicity, nonsimilar results of ACE InDel 
polymorphism with the current findings may indicate 
the advantageous the genetic variations in different 
sports.  
Kim et al. (26), reported that they found more DD 
genotype and D allele in ACE I/D polymorphism in 
elite strength athletes compared to the control group. 
Papadimitriou et al., (27), 200 and 400 m. in their 
study with elite male sprinters compared the sprint 
times of the athletes with their genotypes. It was 
revealed that athletes who had the ACE DD genotype 
in 200 m events had shorter individual running times 
than those who had the ACE II genotype. Unlike our 
results, which showed the superiority of the ID 
genotype, the results of the study supported most of 
the previous findings. 
In another cohort, Scott et al. (11) found that the ACE 
I/D polymorphism does not have a significant effect 
on the performance of 114 Jamaican and 113 
American sprinter athletes in their study. In a study of 
32 female non-elite Turkish athletes, Çam et al. (28) 
examined the relationship between athletes sprinting 
and middle-distance running and ACE I/D 
polymorphism. They found that there were no major 
variations between genotypes of the ACE I/D 
polymorphisms in connection to either sprint or 
middle-distance performance. Similar findings 
Shahmoradi et al. (29) and Wang et al., (30) both 
reported that short-distance swimmers have a greater 
abundance of ACE I alleles compared to the control 
group.   
Studies have revealed the relationship between 
athletic performance and factors such as ability 
selection and training response between the ACTN3 
gene (31, 32). Some research has indicated that 
strength athletes have a higher prevalence of the 
ACTN3 gene CC genotype and a lower prevalence of 
the ACTN3 TT genotype than the control group (17, 
22, 23). Elite wrestlers and competitive bodybuilders 
had more CC genotypes compared to the control 
group (33). Yang et al. (23) reported that sprinters 
had more CC (50%, 30%) and less CT (45%, 52%) 
and TT (6%, 18%) genotypes than controls. Elite 
athletes who focused on power-based sports had a 
higher frequency of the C allele than the control group 
(34). Some studies did not support the relationship 
between ACTN3 rs1815739 polymorphism TT 
genotype and endurance performance in elite 
strength athletes (29, 30). On the other hand, there 
are also studies reporting a relationship between 
ACTN3 rs1815739 polymorphism and power 

performance in athletes (31,32). Our findings showed 
the high frequency of CT genotype in fitness athletes, 
which does not support the previous studies.  
There are some previous studies that suggest the 
unsufficient role of ACTN3 rs1815739 polymorphism 
on exercise performance. Norman and colleagues 
(2009) reported that there was no relationship 
between the ACTN3 gene and power output, fatigue, 
or power features. They contended that alpha actors 
have little to no influence on deciding muscle fiber 
type (31). Contrary to studies reporting that ACTN3 is 
the "speed gene" in the literature, Lucia et al. (39), 
discovered that a Spanish long jumper who had 
participated in the Olympics twice had the TT 
genotype for the ACTN3 rs1815739 polymorphism. In 
a similar finding, Druzhevskaya and his friends 
reported that the world-recorded Russian hammer 
shooter had TT genotype in ACTN3 rs1815739 
polymorphism in a study in 2008. 
 
Strengths and Limitations 
The previous studies were mostly conducted on 
athletes like sprinters- marathons, and football 
players; there is not enough information about fitness 
athletes in terms of genetic research. In the present 
study, ACE ID and ACTN3 CT genotypes were 
associated with an advantage for fitness. But our 
cohort did not reveal any explanation in terms of 
alleles. The low athletes' number and the lack of 
biochemical or physical parameters are the main 
limitations of the present study. 
 
CONCLUSION 
In conclusion, to have a more predictable evaluation 
of the effect of the given polymorphisms and athletic 
performance, more studies are needed. In addition, 
we believe that this first report will help to further 
investigate the relationship between ACE and ACTN3 
genes and physical fitness in athletes. 
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INTRODUCTION 
Neck pain is a significant public health problem (1). 
Approximately 48.5% of people experience neck pain  

 
at some point in lifespan (2). Cervical disc pathologies 
are the most common factor triggering neck pain (3). 
Therefore, patients with neck pain should be handled 

ABSTRACT 
Purpose: The effects of Instrument Assisted Soft Tissue Mobilization (IASTM) on cervical disc herniation 
(CDH) have not been extensively studied. The study aimed to investigate the effect of the IASTM technique 
on pain, functionality and psychology in CDH. 
Methods: A two-armed randomized controlled trial was carried out with 24 patients with CDH. Participants 
were randomized into two groups: conventional physiotherapy (n=12) and IASTM plus conventional 
physiotherapy (n=12). A conventional rehabilitation consists of a hot pack, electrotherapy, and exercises 
five days a week for four weeks. IASTM technique has been used for two sessions per week for four 
weeks. Patients were assessed with Visual Analogue Scale (VAS), Neck Disability Index (NDI), 
Copenhagen Neck Functional Disability Scale (CNFDS), Hospital Anxiety and Depression Scale (HADS). 
Results: Both groups had improvements in VAS scores (p<0.05). IASTM group yielded more reduction in 
resting and activity pains (presting=0.001, pactivity=0.001). Disability scores of both groups improved (p<0.05). 
However, no difference was encountered between the groups regarding function and disability (p>0.05). 
Both the intervention and control groups showed a decrease in anxiety and depression symptoms 
(p<0.05). The anxiety and depression score of the intervention group yielded better results than the control 
group (p<0.05).  
Conclusion: IASTM improved patients' rest and activity pain, anxiety and depression symptoms. On the 
other hand, IASTM provided advancement on function and disability scores simply as effective as 
conventional physiotherapy. 
 
Keywords: Anxiety, cervical pain, disability, instrument-assisted soft tissue mobilization 
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in terms of biomechanical features of the anatomical 
region (4). The cervical region has less stability and 
greater mobility than other spinal cord segments. This 
specific condition causes an increase in both 
compression and rotational forces on the 
intervertebral discs. Increased compression and 
rotational forces protrude the nucleus pulposus to the 
contralateral side, promoting degeneration (5, 6). In 
addition, external mechanical factors such as overuse 
of spinal cord segments, posture disorders, and 
repetitive traumas directly affect disc mechanics and 
cause disc degeneration (7). Cadaver studies 
determined the existence of free nerve endings in the 
annular part of degenerated discs. This anatomical 
finding helps to further understand the mechanism of 
pain formation due to cervical disc degeneration (8).  
There is a direct relationship between chronic pain 
and the functional status of individuals with cervical 
disc herniation (9). Long-term neck pain causes 
inhibition in deep flexor and extensor muscle groups, 
resulting in decreased functional capacity (10). 
Depending on the decreased function, basic and 
instrumental activities of daily living of individuals 
might be affected (11). Correspondingly, possible 
secondary psychosocial disorders, including anxiety 
and depression, could entail more ominous actual 
clinical results (12). 
Various treatment modalities, including medication, 
invasive techniques, and conventional physiotherapy, 
are commonly applied to heal these frequent 
symptoms in patients with cervical disc herniation (13, 
14). In recent years, “Instrument-Assisted Soft Tissue 
Mobilization (IASTM)” has become a trending 
technique with a positive effect on soft tissue 
pathologies (15). Recent studies have been 
demonstrated the effect of IASTM on cervical 
symptoms, including cervicogenic pain, pain 
threshold, disability muscle tone (16-18). IASTM is a 
highly applicable and cost-effective technique in low 
back and neck pain (15, 19). However, studies on the 
effect of the IASTM in neck pathologies are limited. 
The physical and psychosocial effects of IASTM on 
cervical disc herniation have not been extensively 
studied. A holistic consideration of the psychological 
state with the basic physical clinical parameters (e.g., 
pain, function) would provide essential clinical 
practical output. The aim of the study was to 
investigate the effectiveness of the IASTM technique 
on pain, functionality and psychosocial status in 
patients with cervical disc herniation. 
  

METHODS 
Study Design 
A randomized controlled trial was conducted in 
“blinded for peer review”. The study was reported 
regarding the “Consolidated Standards of Reporting 
Trials (CONSORT) stages and SPIRIT (Statement of 
Recommendations for Interventional Trials)” 
guidelines (20). The study protocol was approved by 
the Marmara University Faculty of Medicine Clinical 
Research Ethics Committee (Decision Date: 
03.05.2019, No: 09.2019.491). The study was carried 
out in accordance with the ethical principles and the 
Helsinki Declaration. This research was also 
registered to the “clinicaltrials.gov” (Registration No: 
NCT04803669) 
 
Participants 
Twenty-eight patients who applied to the physical 
therapy outpatient clinic with cervical disc herniation 
diagnosis were enrolled in the study. Inclusion criteria 
of the study were; (1) a radiological diagnosis of 
bulging or protrusion, (2) pain score >2 regarding the 
visual analog scale, and (3) neck pain >3 months. The 
exclusion criteria of the study were; (1) a history of 
neck-shoulder surgery/injury, (2) cortisone usage, (3) 
extrude/sequestered disc, (4) a history of 
fibromyalgia. After the eligibility procedure, 24 
patients were randomized into two groups: 
conventional physiotherapy (n=12) and conventional 
physiotherapy plus IASTM group (n=12). All included 
patients completed the follow-up process and 
enrolled in the statistical analysis stage. The 
CONSORT flow chart of the study is given in Figure 
1. 
 
Recruitment process 
The steps of the recruitment procedure are as follows: 
All individuals are informed about the objectives of the 
program (e.g., intervention, duration, assessments, 
potential risks). Documented, and a verbal statement 
was given. After the consent was obtained from the 
individuals, the voluntary consent form was signed. 
The study started after diagnosing individuals with 
cervical disc herniation via radiological evaluations by 
a specialist physician. The patients were directed to a 
physiotherapist from the physical therapy outpatient 
clinic. 
 
Randomization and blinding 
A simple randomization method was used in this trial.  
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Participants were randomized using the sealed 
envelope method and divided into two groups. The 
blinding of the therapist was not possible due to the 
essence of the study. On the other hand, evaluator 
blinding was not possible due to the existing facilities 
of the setting.  
 
Sample size 
G-Power 3 was used to calculate the required 
minimum sample size of the study (21). Regarding 
the visual analog scale based difference values of the 
mean and standard deviation score of the referenced 
similar study (17), the effect size was determined as 
1.09. Consequently, a total of 24 patients (minimum 
12 individuals in each group) were calculated with a 
power of 0.80 and a confidence interval of 0.05. 
 
Interventions 
Conventional physiotherapy group (control group): 
“The conventional treatment program consisted of a 
hot pack, electrotherapy agents, and an exercise 
program (22). The heat application was applied to the 
neck and upper back area by wrapping hot water 
bags and a towel for 25 minutes. The electrotherapy 
program consisted of transcutaneous electrical 
stimulation (TENS) and ultrasound (US). 

Conventional TENS (Acu Tens, 100 Hz, 200 ms, 1-
100 mA) was applied for 25 minutes with two 
channels and four electrodes on the neck and upper 
trapezius muscle. The current intensity was adjusted 
not to cause disturbance in the patient. The US 
technique was applied (1-2.5 W/cm2, 1 MHz) for 5 
minutes. The exercise program was applied after 
every electrotherapy session for 25 minutes under the 
supervision of a physiotherapist. This exercise 
program consisted of deep flexor and extensor 
strengthening, posture, stretching, and mobilization 
exercises with iso-flex bands.” 
Conventional physiotherapy plus IASTM group 
(intervention group): 
“The identical conventional physiotherapy protocol 
was applied to the intervention group. IASTM was 
performed with a stainless-steel instrument (PTR 
medical, Turkey) using the brushing technique (short 
brushing made at an angle of 30°) to the superficial 
and deep fascia and muscle fibers between the C1-
T1 neck-shoulder segments (23). A water-based gel 
was used to prevent the adverse effects that may 
occur due to friction in the tissue. This technique was 
applied in two weekly sessions and 5 minutes each 
for four weeks, totaling eight sessions (16).” 
 

 
Figure 1. CONSORT FLOW CHART OF THE TRIAL 
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Assessments 
“All patients were evaluated at baseline and four 
weeks after the intervention. Sociodemographic data 
form was used to record the patient's gender, age, 
body mass index, onset of pain, and herniation types. 
Visual Analog Scale (VAS): VAS is a practical and 
reliable assessment used to determine patients' pain 
severity. Scoring is accomplished between 0-10 
points. “0” represents the absence of pain, and “10” 
represents the maximum pain. The time of neck pain 
onset, resting, and activity pain was questioned using 
the VAS (24). 
Neck Disability Index (NDI): NDI has been prepared 
in 10 main sections as pain intensity, self-care, lifting, 
reading, headache, attention, working, driving, 
sleeping and recreation. The patients included in the 
study are asked to give a score between 0 (no 
disability) and 5 (disability) for each item. The total 
score varies between 0 (no disability) and 50 
(disability). Telci-Aslan et al. Turkish validity and 
reliability was performed by (25). 

Copenhagen Neck Functional Disability Scale 
(CNFDS): CNFDS evaluates the disability of patients 
due to neck pain (26). The scale consists of 15 items. 
Items are answered as “Yes, No, Sometimes” and 
scored between 0 to 2 points. Those who answer 
“Yes” to the first five questions of the scale receive 
“0”, those who answer “sometimes” get “1 point,” and 
those who answer “no” get “2 points”. For the other 
ten questions, scoring is done in reverse. The total 
score is between 0 and 30 points. If the total score is 
“0”, it means “no neck pain and disability,” and “30” 
means “maximum neck pain and disability” (27). 
Hospital Anxiety and Depression Scale (HADS): 
HADS includes anxiety and depression subscales. 
The scale consists of 14 items in total. Even-
numbered items assess depression, and odd-
numbered items assess anxiety. The answers are in 
a four-point Likert format and are scored between 0 
to 3. The cut-off point for the anxiety subscale of the 
scale is 10, and 7 points for the depression subscale 
(28).” 
 
Statistical Analysis 
In classifying the data obtained in the study, 
qualitative and quantitative statistical methods were 
evaluated with the “Statistical Package for the Social 
Sciences (SPSS) 11.0 statistical program”, and 
significance was assessed at p<0.05 level. The 
normality distributions of the data were analyzed with 
the “Kolmogorov-Smirnov test”. “The Mann-Whitney 
U” test was used because the data between groups 
did not show normal distribution. The “Wilcoxon 
Signed Rank Test” was used for in-group 
comparison. “Fisher’s exact chi-square test” was 
used to analyses non-quantitative data. 
Whether the results were clinically significant or not 
was determined according to Cohen's effect size 
calculation. The effect size for each variable was 
calculated based on the average changes in the 
results obtained before and after treatment. This 
calculation suggests the effect size as small 0.2, 
medium 0.5, and large 0.8. 
 
RESULTS 
The median age of the individuals in the control and 
intervention groups were 34.50 and 40 years, 
respectively. Body Mass Index (BMI), gender, pain 

 
Figure 2. IASTM intervention illustration: the application 

material and technique 
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onset and clinical features of herniation are presented 
in Table 1. There was no difference between groups 
regarding baseline characteristics (p>0.05), except 
BMI (p=0.028). 
 
Resting and activity pain decreased in both groups at 
the end of the intervention (p<0.05). Also, the pain 
score of the intervention group improved better than 
the control group (prest=0.001, pactivity=0.001). The 
change occurring during both rest pain and activity 
pain was clinically in favor of the IASTM group 
(Cohen's dresting: 2.12; Cohen's dactivity: 1.86). Disability 
scores of both groups improved (p<0.05). However, 
no difference was encountered between the groups 
regarding function and disability (p>0.05). Both the 
intervention and control groups showed a decrease in 
anxiety and depression symptoms (p<0.05). The 
anxiety and depression score of the intervention 
group yielded better results than the control group 
(p=0.015) and effect sizes were shown at Table 2. 
  
DISCUSSION 
The present study examined the effects of IASTM in 
patients with cervical disc herniation on pain, 
disability, anxiety, and depression. The literature 
suggests that IASTM improves pain severity and 
disability levels in patients with musculoskeletal 
disorders (29,31). The physical effect of IASTM has 
been widely demonstrated (15, 29-31). However, its 
effect on cervical disc herniation-related pain and 
function is not well-studied. In addition, our study is 
unique in terms of evaluating the psychosocial effect 
of IASTM on cervical disc herniation. According to the 
present study results, IASTM thoroughly improved 

patients' rest and activity pain, depression and 
anxiety symptoms. On the other hand, IASTM provide 
advancement on function and disability scores simply 
as effective as conventional physiotherapy. 
First, the improvement in resting and activity pain in 
the 4-week follow-up brought along the expectation of 
also on the functional status. However, the additional 
pain-related gains of IASTM did not improve 
functional status and disability. This outcome might 
be due to our trial's short to medium-term evaluation 
period. Longer-term monitoring and intervention may 
be required to observe the intervention's effect on 
daily living activities. On the other hand, the additional 
advantage of IASTM was observed in terms of 
depression and anxiety score. However, more 
comprehensive psychological screening tests and 
more detailed analyzes for the evaluation of 
psychological state can provide precise clinical 
outcomes (32). 
IASTM applications are widely used as an alternative 
method in musculoskeletal disorders (15-17, 29-31, 
33). Lauche et al. and Abdelhamid et al. emphasized 
the effect of IASTM therapy on pain in individuals with 
chronic neck pain (29, 34). On the other hand, 
Mylonas et al. reported the significant positive effect 
of IASTM on posture and function in patients with 
neck pain (31). These results provide the further 
benefits of IASTM on pain, posture and function. 
However, our study only proved the clinical 
effectiveness of IASTM in terms of pain and 
depression. The disability and postural status of 
Mylonas and colleagues may also have resulted in 
greater clinical output by performing combined 
IASTM and neuromuscular exercises. Examining the 
psychological state in our study provides a unique 
advantage. In particular, the decrease in pain 
intensity may have led to improvements in depression 
and anxiety (35). 
Crothers et al. and El-Hafez et al. emphasized no 
additional advantage of IASTM on pain and disability 
in individuals with thoracic spinal pain and myofascial 
pain syndrome, respectively (15, 16). Emshi et al. 
focused on the positive effect of IASTM on clinical 
symptoms such as pain severity, range of motion and 
disability (36). On the other hand, Erden et al. also 
applied IASTM to the trapezius muscle of patients 
with myofascial pain syndrome and noted a decrease 
in trigger point pain (37). This inflammatory process 
causes the blood supply of the zone and increases 
fibroblastic activity. Thus, collagen synthesis and 
maturation in the soft tissue are facilitated, and the 

Table 1. Baseline characteristics of the patients 

 Control 

group 

(n=12) 

Intervention 

(n=12) 

p 

Age 

(median) 

34.50 40.00 0.285 

BMI 

(median) 

25.34 28.51 0.028 

Pain Onset 

(median) 

5.50 18.00 0.087 

Gender (n, 

%) 

   

Female 5 (41.70) 6 (50.00) 0.500 
Male 7 (58.30)  6 (50.00) 

Herniation 

Type (n, %)  

   

Bulging 2 (16.66) 1 (8.33) 0.381 
Protrusion 10 (83.33) 11 (91.66) 

n: number of individuals, BMI: body mass index 
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healing process is supported (38-40). This 
physiological effect may have resulted in positive 
gains. The application method of the IASTM 
technique, in which different results were observed in 
studies on the neck and its circumference, is another 
issue that should be addressed in clinical 
effectiveness. The positive effect of the brushing 
technique we used in our study, especially on pain, 
should also be considered. 
Studies have reported a strong correlation between 
neck pain and disability (41). Pain intensity is a 
dimension of disability (42). This technique reduces 
pain and disability by acting on the active myofascial 
trigger points of the upper trapezius muscle (36). As 
a result of our study, it was observed that the disability 
levels of the patients decreased. The decrease in 
pain after treatment may have affected disability 
levels.  
IASTM was reported to effectively reduce pain, 
especially in patients with nonspecific low back pain 
(43). Zlatkov et al. also emphasized the effectiveness 
of IASTM on pain and disability in low back pain 
patients (33). It is noticed that similar results with the 

neck region are also observed in low back pain. 
However, there is a lack of results related to 
evaluating psychological status in chronic low back 
pain. In this respect, our study is essential in terms of 
revealing the effect of IASTM on psychosocial status, 
including diverse spinal conditions. 
Chronic pain negatively affects the workforce, social 
isolation, quality of life, and psychological health (44). 
Different physiotherapy modalities used in pain 
treatment aim to improve quality of life, regulate pain, 
and reduce anxiety and depression complaints (45). 
In our study, conventional methods and the IASTM 
protocol, in addition to these methods, caused a 
decrease in anxiety and depression scores. However, 
it is proposed that it would be more appropriate to 
evaluate anxiety and depression with more 
comprehensive assessment methods in individuals 
with chronic neck pain in future studies.  
 
Limitations 
The limitations of the study should be handled. In this 
study, the evaluation of the joint range of motion of 
the cervical region might be appropriate to support 

Table 2. Comparison of the results between the groups (median values) 

  Control (n=12) IASTM (n=12) pa d 

VAS-at rest  
Baseline 6.50 8.00 0.746 

2.12 6. week 6.00 3.00 0.001 
pb 0.003 0.002 - 

VAS-at activity 
Baseline 7.50 7.50 0.500 

1.86 6. week 6.00 3.50 0.001 
pb 0.002 0.003 - 

CNFDS 
Baseline 14.00 18.50 0.046 

- 6. week 8.00 6.00 0.384 

pb 0.002 0.002 - 
NDI Baseline 17.50 21.00 0.418 

-  6. week 10.50 7.00 0.258 

 pb 0.002 0.002 - 

HADS-Anxiety 
Baseline 10.00 11.00 0.601 

0.44 6. week 7.00 7.00 0.044 

pb 0.003 0.002 - 

HADS-
Depression 

Baseline 10.50 9.00 0.595 

0.30 6. week 8.00 4.50 0.015 

pb 0.003 0.002 - 
a: Wilcoxon Signed-Rank Test, b: Mann-Whitney U Test, d: Cohen’s effect size, IASTM: Instrument-assisted soft tissue mobilization, 
CNFDS: Copenhagen Neck Functional Disability Scale, NDI: Neck Disability Index, HADS: Hospital Anxiety and Depression Scale, 
VAS: Visual Analog Scale. 
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the changes in pain and disability parameters. Also, 
the HADS scale we used for anxiety and depression 
included questions about the patient's psychological 
complaints, preventing the evaluation of physical 
factors' effects on anxiety and depression. Another 
limitation concerns the long-term effects of the study. 
The long-term effects of the IASTM technique on 
parameters such as pain intensity and disability are 
unknown. In our study, we evaluated the short-term 
effectiveness of the technique. Evaluation of the 
technique's long-term effect will help reveal the actual 
effect. Long-term follow-up studies can also be a 
reference for cost-effectiveness analysis studies of 
treatment. On the other hand, some methodological 
limitations should be acknowledged. The lack of 
blinding in the study may suggest measurement-
based bias problems. On the other hand, in terms of 
baseline characteristics, there is a possibility that a 
significant difference between the groups in BMIs 
may disrupt the homogeneity. However, we can 
express that our results provide critical clinical 
outcomes since BMI does not primarily affect clinical 
status in cervical disc herniation.  
 
CONCLUSION 
According to the results of our study, the IASTM 
protocol was found to be effective on pain severity 
and depression in patients with cervical disc hernia. 
However, the same positive effects were not 
observed on function and anxiety. It would be 
beneficial for physiotherapists to add the method to 
conventional physiotherapy programs as an 
alternative method since it is low cost, accessible, 
practical, easily tolerated by the patient, and has high 
clinical benefits. 
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ABSTRACT 

Purpose: Vitamin D level is emphasized as an important biomarker in determining risk factors for different diseases. 
Vitamin D is an important vitamin for human health and its deficiency is associated with serious health problems. 
Therefore, it is of great importance to detect vitamin D deficiency, which can be easily prevented and treated. The 
possible relationship between vitamin D deficiency and musculoskeletal pain, osteoporosis, diabetes mellitus, 
hypertension is frequently discussed in researches. Enhanced availability of health data and decreased data 
processing expenses facilitate the extraction of valuable patterns related to vitamin D from extensive datasets. To 
illustrate, decision trees are commonly used for explainability and explainable AI (XAI) purposes. In this research, it is 
aimed to analyze the factors in determining the vitamin D level and the decision rules related to it. 
Materials and Methods: A descriptive framework based on one of the machine learning techniques, that is decision 
tree is followed. The data used to create the decision rules were obtained from volunteers between the ages of 18-85 
who applied to Izmir Katip Çelebi University Atatürk Training and Research Hospital Infectious Diseases and Family 
Medicine Polyclinics and agreed to participate in the study between 01.03.2017 and 01.09.2017. The sample size was 
calculated as 172 with 80% power, 5% error margin using NCSS and PASS software. The following parameters were 
examined: AST, ALT, ALP, BUN, creatine, total protein, albumin 25 (OH) D, PTH, TSH, Ca, Mg, phosphate, uric acid 
and VDR gene polymorphism. An investigator-designed socio-demographic data questionnaire was administered in- 
person interviews with 172 participants as a consequence of the research conducted with that total number of 
individuals.The validity of the models were assessed according to “accuracy scores” for each model. 
Results: It was observed that age, gender and laboratory test values are strong predictors for vitamin D level. As a 
result of two CART (Classification and Regression Trees) models, %90.47 and %95 predictive accuracy were 
observed respectively. In the first model, uric acid, age and creatine; in the second model TSH, ALP and smoking(yes) 
were the most important three biomarkers affecting vitamin D level. 
Conclusion: The collected features give a comprehensive list of variables that influence vitamin D in the dataset 
under consideration. Important findings of the study include not only the identification of these variables, but also the 
effective categorization determination procedures. Final decision tree models were constructed using two distinct 
feature sets. The initial model was created with 12 features (Age, ALP, TSH, URICACID, PHOSPHATE, AST, 
Cigarette Consumption, CA, CREATIN, TOTALPROTEIN, MG, BUN) that had over 4% importance, resulting in a 
classification accuracy rate of 92.7%. The second model was built using all features in the dataset and achieved a 
classification accuracy rate of 88.37%. In contrast to previous research, the Age variable is the most influential factor 
within the scope of this dataset, which includes demographic information on patients and their existing disorders. 

Keywords: Machine learning, decision trees, decision rules, vitamin D. 
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INTRODUCTION 

Big data in healthcare is crucial for processing and 

analyzing vast volumes of data. Artificial intelligence 

advancements contribute to clinical decision support 

systems, revealing valuable patterns from health 

data. Electronic health records and clinical analytics 

enable the analysis of large-quantitative data for new 

insights. As a result of this, reducing cost in 

healthcare domain has been inevitable in United 

States and other countries (1). Machine learning 

methods are transforming healthcare by identifying 

biomarkers in laboratory tests, with Vitamin D being a 

crucial biomarker for various healthcare situations. 

Vitamin D deficiency is currently on increasing 

incidence globally, with a systematic review finding a 

prevalence of serum 25(OH)D < 30 nmol/L at 15.7% 

from 2000 to 2022. Vitamin D insufficiency is 

prevalent in Turkey as a consequence of restricted 

sunshine exposure and dietary effects. In Turkey, 

Vitamin D deficiency are quite common due to limited 

sunlight exposure and dietary factors (2). The primary 

factor contributing to the widespread occurrence of 

vitamin D deficiency is the failure to recognize that 

sun exposure has been and remains the primary 

source of vitamin D for the majority of adults and 

children [33–35]. Very few substances contain 

vitamin D naturally. These consist of cod liver oil, 

mushrooms that have been sun-dried or subjected to 

sunlight, and oily fish such as herring, mackerel, and 

salmon [1, 25, 34]. Meat, such as beef and pork, may 

contain an amount of vitamin D in the form of 

25(OH)D, which can be significant at times [36, 37]. 

An increasing quantity of muscle 25(OH)D3 is being 

produced by numerous poultry, pigs, and cows as a 

result of the incorporation of 25(OH)D3 into diverse 

animal feeds. In addition to consuming polar bear 

liver and oily salmon, civilizations residing in the far 

Northern and Southern latitudes also obtain vitamin D 

from seal and whale blubber and polar bear liver.(3) 

The possible  relationship  between vitamin D 

deficiency and musculoskeletal pain, osteoporosis, 

diabetes   mellitus,  hypertension, cardiovascular 

diseases, autoimmune diseases, sleep disorders, 

cancer and  increased mortality  is  frequently 

discussed in researches. However, there are limited 

number of researches about the factors related to 

Vitamin  D level  from  the machine  learning 

perspective. 

In the literature various studies focused on identifying 

risk factors and associations related to vitamin D 

deficiency in different populations. Several studies 

found that factors like black race, female gender, 

winter season, and hypoalbuminemia were strong 

predictors of vitamin D deficiency in dialysis patients 

using decision tree-based algorithms (4-5-6-7-8-9). It 

was also indicated that vitamin D deficiency in the 

cities of Mashhad and Sabzevar in the northeast of 

Iran using the decision tree method based on 14 

characteristics. 70% of the participants that is 618 

cases were used as a random training dataset to form 

the decision tree, while the remaining 30% that is 285 

cases were used as a test dataset to evaluate the 

performance of decision making. Using the test 

dataset, sensitivity, specificity, accuracy and AUC 

values were obtained as 79.3%, 64%, 77.8% and 

72%, respectively. A study consisting of 31540 data 

presented a framework based on rules in the Apriori 

algorithm. A total of 22 association rules were 

generated with an 80% confidence level using WEKA 

software. The rule with the highest confidence level 

(98%) highlighted that among 1199 female patients 

aged 18 to 35 with vitamin D deficiency. (4-5-6). In 

addition, logistic regression and the XGBoost 

algorithm also used for detecting factors related to 

vitamin D level. The XGBoost algorithm identified 

stroke severity, age, and 25-hydroxyvitamin D level 

as important predictors (ROC/AUC of 0.805 versus 

0.746). (7). A study conducted in Birjand, Iran, 

analyzing a healthy population to identify risk factors 

for vitamin D3 deficiency among chronic hepatitis B 

(CHB) patients. The study included 292 CHB patients 

and 330 vaccinated individuals, with serum 

biochemical characteristics measured. Data mining 

techniques were used, with 60% of the data used for 

training using the decision tree method. The model's 

performance was evaluated using the Receiver 

Operating Characteristics (ROC) curve, which yielded 

a 78% accuracy rate. The prevalence of vitamin D3 

deficiency was found to be 63% among CHB patients 

and 32.9% among healthy individuals. The study 

concluded that serum zinc levels are predictive 

variables for vitamin D3 deficiency and emphasized 

the high accuracy in predicting the risk of vitamin D3 

deficiency (8). It was also stated that Vitamin D was 

highlighted as a factor that reduces the risk of COVID- 

19. Countries were categorized into low or high

COVID-19 cases, deaths, or case fatality rates based

on the 40th and 60th percentiles (9).

The framework presented is identical as mentioned in

previous studies but more focused on rule-based

approach. In this context, a descriptive study is

conducted. One of the purposes of the research is
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analyzing the factors in determining the vitamin D 

level and decision rules behind them. The second is 

benefiting from the advantage of decision trees in 

terms of explainability and explainable AI (XAI). In 

order to do this, the remaining of article will 

emphasize the materials and methods in detail and 

discuss the results. Suggestions for further studies at 

the end of the research, could shed light on various 

researches. 

MATERIALS AND METHODS 

Dataset 

The data used within the scope of the research were 

composed of volunteers between the ages of 18-85 

who applied to the Infectious Diseases and Family 

Medicine Outpatient Clinics of İzmir Katip Çelebi 

University Atatürk Training and Research Hospital 

between 01.03.2017 and 01.09.2017 and agreed to 

participate in the research. Ethical approval obtained 

by İzmir Kâtip Çelebi University, Non-interventional 

Clinical Research Ethics Committee (Decision Date: 

18.11.2021, Number: 0470). As a result of the 

research conducted with 172 people in total, a socio- 

demographic data questionnaire prepared by the 

researchers using the face-to-face interview 

technique was carried out. Exclusion criteria for study 

included: autoimmune disease, metabolic bone 

disease, chronic kidney disease, chronic liver 

disease, thyroid-- parathyroid disease, diabetes 

mellitus, malignancy, alcoholism, 

immunosuppression, liver transplantation, pregnancy 

or breastfeeding, psychiatric disease that disrupts the 

ability to answer questions, using medication that 

vitamin D, calcium, hormone therapy, 

glucocorticosteroid, antituberculosis, antiepileptic the 

last six months. In addition, as seen in detail in Table 

1, it has been obtained from various biochemical 

data. The sample size used in this study was 

determined based on model tests performed as each 

new observation was added. Data collection was 

discontinued after a certain model performance was 

partially (approximately 90%) achieved. 

Important factor considered within the scope of the 

purpose of the research is to discover the factors that 

affect the vitamin D level, so the dataset used in the 

research has a wide variable set consisting of 46 

independent and 1 dependent variable. During the 

data preparation process, 25 (OH) D continuous 

variable was determined as one class and those with 

lower than 10 ng / ml as determining the vitamin D 

level, which is primarily used as an independent 

variable, while those higher than this threshold value 

were determined as another class. According to 

Turkey Endocrinology and Metabolism Association 

(TEMD) Osteoporosis and Metabolic Bone Diseases 

Working Group, a 25(OH)D level of at least 20 ng/ml 

(50 nmol/L) is accepted as sufficient for maintaining 

bone health. For non-bone effects, a level ranging 

from 30 to 50 ng/ml (75 to 125 nmol/L) is called 

adequate. A level between 10 and 20 ng/ml (25 to 50 

nmol/L) indicates vitamin D insufficiency, while a 

value below 10 ng/ml (25 nmol/L) indicates vitamin D 

deficiency (10) Thus, the value “10 ng/ml” was 

chosen as threshold. The dependent variable, which 

is a continuous variable, has been transformed into a 

binary variable for the purpose of the research. In 

addition, variables in categorical form are organized 

as binary variables. 

As stated in Table 1, the ages of the participants vary 

between 19-85 with an average age of 41.5 ± 13.6 

years, consisting of 80 men and 92 women. In line 

with the information obtained from the participants, 

while 0 was determined for those who do not smoke, 

the number of daily use of cigarettes was used for 

smokers. Individuals were assigned with alcohol use 

habits, while 0 was assigned for individuals who did 

not consume alcohol. 

In addition, all variables used in the dataset for the 

participants' existing diseases were determined as 

binary variables and a value of 1 was assigned in the 

presence of disease, while the opposite was indicated 

as 0. According to the test results obtained in the 

biochemical data, it was included in the dataset as a 

continuous variable in the relevant variable range as 

shown in Table 1. In addition, the DVit variable, which 

is used as the target variable within the scope of this 

research, is a binary variable and 84 of the 

participants are below the specified threshold value 

and represented by 0 value, while 88 of them are 

above the threshold value and represented with a 

value of 1. 

Feature Selection 

In machine learning problems, the representation of 

data often uses many features and only a few of them 

represent the target variable (11). Feature selection 

reflects the process of discovering a subset of related 

features or attributes as dependent variables in a 

predictive model, thereby helping to reduce the 

overfitting of the model and increase the prediction 

accuracy (12). Especially, as it is within the scope of 
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Table 1. Information about the Features used in the scope of the Dataset 

 

Feature Type Range 

Age Continuous 19-81 

Gender Binary 0,1 

Cigarette Consumption Continuous 0-40 

Alcohol Binary 0,1 

HBV (Hepatitis B virus) Binary 0,1 

CAH (Congenital Adrenal Hyperplasia) Binary 0,1 

HT (Hypertension) Binary 0,1 

ASTHMA Binary 0,1 

GOR Binary 0,1 

GASTRITIS Binary 0,1 

PANICDIS Binary 0,1 

ANEMIA Binary 0,1 

MIGRAINE Binary 0,1 

HL (Hodgkin Lenfoma) Binary 0,1 

LDH (Lactate Dehydrogenase) Binary 0,1 

DEPRESSION Binary 0,1 

PPI (Proton Pump Inhibitor) Binary 0,1 

ANTIHT Binary 0,1 

INHALER Binary 0,1 

ANTIAGREAGAN Binary 0,1 

SSRI (Selective Serotonin Reuptake Inhibitor) Binary 0,1 

FE Binary 0,1 

NSAII Binary 0,1 

STATIN Binary 0,1 

TOTALPROTEIN Continuous 6.3 – 8.7 

ALBUMIN Continuous 3.2 – 4.8 

CREATINE Continuous 0.5 -1.2 

AST (Aspartat Aminotransferaz) Continuous 10 – 60 

BUN (Blood Urea Nitrogen) Continuous 1 – 30 

CA (Calcium) Continuous 5.9 – 10.5 

PHOSPHATE Continuous 1.9 – 5.1 

MG (Magnesium) Continuous 1.6 – 3.7 

TSH (Thyroid Stimulating Hormone) Continuous 0.24 – 5.85 

PTH (Parathormon) Continuous 0.1 – 99 

ALP (Alkalen Fosfataz) Continuous 9.1 – 179 

URICACID Continuous 1 – 8.94 

ALT (Alanine Aminotransferase) Continuous 3 - 82 

AA Binary 0,1 

Aa Binary 0,1 

Aa Binary 0,1 

TT Binary 0,1 

Tt Binary 0,1 

Tt Binary 0,1 

FF Binary 0,1 

Ff Binary 0,1 

Ff Binary 0,1 

BB Binary 0,1 

Bb Binary 0,1 

Bb Binary 0,1 

Dvit Binary 0,1 
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this study, feature selection phase is critical both in 

increasing the classification performance in datasets 

with huge variable sets and in the discovery process 

of important variables in the existing dataset. 

Although there are substantial amount of feature 

selection methods in the literature, these methods 

can differ according to the types of variables in the 

dataset, the target variable and the machine learning 

approach to be applied to the dataset. In this context, 

Classification and Regression Trees (CART) -- a type 

of decision tree -- was used in both the classification 

task of the dataset and the feature extraction. As 

pointed out in the literature (13,14), the use of 

decision trees in feature selection is common and 

positively affects the performance in classification or 

regression tasks. In line with the discovery of the 

important variables that affect the target variable, 

which is one of the main objectives of the research, 

the feature selection process followed a unique 

framework different from the decision tree 

approaches in the literature. Especially ignoring the 

time complexity, the focus has been on determining 

the variable dataset that affects the prediction 

performance. Particularly, in the decision tree and 

feature selection approaches in the literature, the 

feature set is considered as a whole and the decision 

tree is evaluated on the tree structure formed with the 

variables in this whole set of variables, while the 

effect of different variable set combinations on the 

prediction performance and therefore on the feature 

selection is ignored. As a result of this, evaluation was 

made with all possible combinations of variable sets 

determined with the approach used in the research. It 

would be more informative to list the approach used 

in feature selection in the following steps: 

Primarily, variables are divided into specified clusters 

according to determined similarities. (For example, 

variables belonging to diseases in the dataset can be 

considered as a single set.) 

With all possible combinations of these cluster 

variable groups, decision trees were created with k- 

fold cross validation with the CART method. (the k 

value was determined as 20) 

The decision trees created were evaluated according 

to the accuracy metric and the results that provided a 

certain accuracy rate (87% specified) were selected, 

and the percentage of variables that were effective in 

the decision rules used in the formation of these trees 

were determined. 

Finally, the final variable significance were calculated 

by taking the mean values of variable significance 

obtained from decision trees created as a result of 

each different variable set combination. 

Thus, a variable selection decision was not made 

over a single set of variables, and the attitudes of 

variables that occur in all possible sets of variables 

were examined through a comprehensive 

examination. At this point, it should be emphasized 

again that this process takes a lot of time (about one 

month in our research) but offers a robust approach 

in terms of reliability. Consequently, the feature 

selection methodology suggested would also be a 

contribution to the literature, especially in the process 

of determining independent variables effective on the 

target variable rather than time complexity. 

Considering the trees created as a result of k-fold 

cross validation in the specified feature selection 

process, approximately 72.577.600 trees were 

evaluated and feature importance given in Table 2 

were obtained. As can be seen in Table 2, Age, ALP, 

TSH and Uric Acid values are more than 7% 

importance in determining the target variable (Vitamin 

D), respectively. All variables (features) not included 

in the table were not reported to the research 

framework, as their importance were lower than 1%. 

Table 2. The Order of Feature Importance Used in the 

Context of Dataset 

Feature Importance 

Age 0,07954 

ALP 0,07923 

TSH 0,07267 

URICACID 0,07015 

PHOSPHATE 0,06826 

AST 0,06157 

Cigarette Consumption 0,05716 

CA 0,05538 

CREATINE 0,05224 

TOTALPROTEIN 0,04402 

MG 0,04386 

BUN 0,04285 

ALBUMIN 0,03892 

PTH 0,03756 

Aa 0,03163 

ALT 0,02777 

Gender 0,02736 

HBV 0,02217 

Tt 0,02011 
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Decision Trees- CART (Classification and 

Regression Trees) 

Decision trees are one of the frequently used 

methods in data mining and machine learning. 

Finance (15,16), education (17,18), real estate 

(19,20), energy (21,22) and many similar areas, as 

well as in healthcare (23–26) preferred as a data 

mining technique. Decision Trees represents a tree- 

nodes corresponding to the order of decision rules in 

the simplest terms (27). 

Today, decision trees are popularly preferred by 

researchers in the field of data mining because it has 

the advantage of ease of interpretation and 

visualization (28), does not require a preliminary 

process with its non-parametric modeling structure 

(29), requires very little data preparation, can process 

both numerical and categorical data and perform very 

well with a large dataset in a short time (15). One of 

the advantages of decision tree analysis is that the 

relationship between the binary dependent variable 

and the related independent variables is clearly 

demonstrated using a tree structure (29). In other 

words, it can be considered as a white box structure. 

In particular, unlike Black Box-type algorithms such 

as neural networks; decision trees are a white-box 

type machine learning algorithm, which is highly 

beneficial in evaluating the results and discovering 

the occurrence patterns (decision-making logic) of the 

results (30). In this way, a complex decision-making 

process can be divided into a collection of simpler 

decisions and decision rules, that are generally 

simpler to interpret (31) and understandable can be 

created. Decision trees can basically be designed for 

two task processes: classification tree analysis and 

regression tree analysis (15,20,24). Decision trees 

developed with the recursive partioning process 

provide a high-power tool for the definition, 

classification, regression and prediction of data (19). 

Decision trees generate the classification or 

regression process by using a set of hierarchical rules 

on variables, organized in tree structure (32). 

Decision tree is one of the various approaches that 

can be used to develop a classification model for 

multi-stage decision making (31). It creates a tree-like 

structure model using inductive reasoning, focusing 

on existing data records (24). For this purpose, the 

decision tree starts with a root node where users can 

act, and from this node, users divide each node 

recursively according to the decision tree learning 

algorithm (33). The attribute/variable/feature is first 

classified (branched) in terms of groups and then the 

next important one is reconsidered and classified 

under information gain (17). In decision tree 

algorithms, the dataset is divided into two or more 

subgroups that are mutually exclusive at each split. 

The goal is to produce subsets of data that are as 

homogeneous as possible with respect to the target 

(dependent) variable (29). While performing this 

division function, it is necessary to determine how to 

divide trees that separates the decision tree 

algorithms from each other. Today many different 

various splitting criteria such as Entropy, Twoing, 

Gini; Gini Index, which is a binary splitting criterion, is 

more frequently preferred in datasets with continuous 

variables and is also used in this research. 

For use in classification and regression tasks, 

decision tree theory is well suited for making medical 

predictions and data analysis statements in the field. 

Although there are many decision tree algorithms 

such as, ID3, C4.5, C5, CART, Random Forest and 

CHAID (Chi-square Automatic Interaction Detection) 

in literature, each of these algorithms can be applied 

to different datasets for different purposes. In this 

paper, CART (34) method, which can work easily with 

continuous variables and can also be used in 

regression problems, was preferred. The structure of 

the CART algorithm takes the independent variables 

into account in terms of predictive power; therefore it 

serves as a powerful discovery tool to understand the 

basic structure of the data. This algorithm is basically 

a series of carefully prepared questions about the 

features of the data, and after an answer has been 

generated for a question, a subsequent question is 

asked until the class is determined on the 

observation. These questions can be framed in the 

form of a hierarchical structure of nodes and directed 

edges (35). The CART procedure performs "binary 

recursive partitioning". The term "binary partitioning" 

means that the master node is continuously divided 

into two child nodes, and the term "recursive" means 

that the process is repeated, treating each child node 

as a parent node in the next step. This process is 

repeated until further partitioning is impossible, that 

is, until leaf nodes are formed or limited by some 

criteria determined by the user (36). 
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various splitting criteria such as Entropy, Twoing, 

Gini; Gini Index, which is a binary splitting criterion, is 

more frequently preferred in datasets with continuous 

variables and is also used in this research. 

For use in classification and regression tasks, 

decision tree theory is well suited for making medical 

predictions and data analysis statements in the field. 

Although there are many decision tree algorithms 

such as, ID3, C4.5, C5, CART, Random Forest and 

CHAID (Chi-square Automatic Interaction Detection) 

in literature, each of these algorithms can be applied 

to different datasets for different purposes. In this 

paper, CART (34) method, which can work easily with 

continuous variables and can also be used in 

regression problems, was preferred. The structure of 

the CART algorithm takes the independent variables 

into account in terms of predictive power; therefore it 

serves as a powerful discovery tool to understand the 

basic structure of the data. This algorithm is basically 

a series of carefully prepared questions about the 

features of the data, and after an answer has been 

generated for a question, a subsequent question is 

asked until the class is determined on the 

observation. These questions can be framed in the 

form of a hierarchical structure of nodes and directed 

edges (35). The CART procedure performs "binary 

recursive partitioning". The term "binary partitioning" 

means that the master node is continuously divided 

into two child nodes, and the term "recursive" means 

that the process is repeated, treating each child node 

as a parent node in the next step. This process is 

repeated until further partitioning is impossible, that 

is, until leaf nodes are formed or limited by some 

criteria determined by the user (36). 

RESULTS 

Within the scope of the research, final decision tree 

models were carried out on two different feature set. 

Primarily, the first model was developed with 12 

variables (Age, ALP, TSH, URICACID, 

PHOSPHATE, AST, Cigarette Consumption, CA, 

CREATIN, TOTALPROTEIN, MG, BUN) above 4% 

importance from the set of variables shown in Table 

2. The second model was created with a total of 19

feature sets in the table. Within the framework of both

models, 80% of the entire dataset was used as the

training dataset, while 20% was used as the test

dataset. Additionally, a 5-fold cross validation

approach was adopted in the study to evaluate the

model training results. In addition, the maximum

depth of the decision tree is limited to 10 to prevent

the complexity of the rules created by decision trees. 

Thus, the tree was completed after 10 branches. The 

tree was splitted according to Gini index as previously 

stated. In consequence of model implemented with 

the feature set within the first model, a high 

classification accuracy rate of 92,7% was achieved. 

The decision tree structure obtained as a result of this 

model is shown in Figure 1. As shown in Table 2, the 

“Age” feature has been assigned as the root node 

within the scope of the model. 

Within the second model, a relatively high 

classification accuracy rate of 88.37% was achieved 

as a result of the model performed with the set of 

features included in the model. Although this 

accuracy rate is lower compared to the first model, it 

proves that the increase in the number of feature sets 

affects the model prediction performance as 

mentioned in the feature selection process. The 

decision tree structure obtained as a result of this 

model is shown in Figure 2. As in the first model, the 

“Age” feature, which is determined as the most 

important feature, was formed as the root node. 

Alternative machine learning approaches were also 

applied within the scope of this study. In this way, it is 

possible to compare the results obtained with 

alternative methods, and the robustness of the results 

obtained can also be tested. For this purpose, 

analyzes were carried out with XGBooost, Random 

Forest (RF) and Support Support Vector Machine 

(SVM) models. The accuracy scores obtained as a 

result of these models are presented in Table 3. 

For each model presented in Table 3, hyper 

parameter optimization was performed separately for 

two different feature sets with Grid-Search approach. 

As a result of this process, hyper-parameter values 

that provide the best model performance were 

selected. As seen in Table 3, SVM was the model with 

the lowest prediction performance. The main reason 

for this situation is the use of a tree-based approach 

in feature selection. Although RF and XGBoost 

showed relatively similar results, both models 

outperformed CART at a lower rate. 

Although the results obtained within the scope of RF 

and XGBoost presented relatively better performance 

values, they did not provide a exceptionally increase 

in accuracy. Therefore, compared to CART, they 

require a large number of hyperparameter settings 

and therefore higher processing power and time. 

However, as another aim of this study, CART offers 

easy and fast use for many stakeholders. However, it 

should not be forgotten that the feature selection 
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Table 3. Accuracy scores obtained from alternative models 

Models Selected Hyper-Parameters Accuracy Rate 

SVM (1. Feature Set) Kernel: Linear 

C: 1000 

Gamma: 0.001 

0,829 

SVM (2. Feature Set) Kernel: Linear 

C: 100 

Gamma: 1 

0,882 

RF (1. Feature Set) n_estimators: 50 

Max_features: Sqrt 

Min_samples_leaf: 1 

Max_depth: 2 

0,931 

RF (2. Feature Set) n_estimators: 100 

Max_features: Sqrt 

Min_samples_leaf: 2 

Max_depth: 3 

0,914 

XGBoost (1. Feature Set) Eta:0.01 

Max_depth: 4 

Subsample: 0,7 

0,933 

XGBoost (2. Feature Set) Eta:0.01 

Max_depth: 5 

Subsample: 0,8 

0,908 

process within the scope of this study was carried out 

solely on the basis of the CART model. For this 

reason, it is expected that the accuracy rate provided 

by CART is high. Repeating similar feature selection 

processes for other tree-based approaches will 

further increase the accuracy rates of these models. 

In addition, modeling results performed with RF and 

XGBoost without any feature selection are much 

higher than both CART and SVM accuracy rates. This 

result is also an indicator of how effective the feature 

selection approach adopted in this study is, especially 

in improving the performance of CART. 

DISCUSSION 

This research aims to evaluate the factors influencing 

vitamin D levels and the corresponding the criteria for 

decision- Two separate feature sets were used to 

build the final decision tree models. The first model 

consisted of 12 features (Age, ALP, TSH, URICACID, 

PHOSPHATE, AST, Cigarette Consumption, CA, 

CREATIN, TOTALPROTEIN, MG, BUN) with overall 

importance above 4%, leading to a classification 

accuracy of 92.7%. The second model, utilizing all 

features in the dataset, had a classification accuracy 

rate of 88.37%. In the study, a significant relationship 

between high age, presence of chronic disease, 

being at university or higher education level, and high 

ALP and vitamin D levels was found. It is thought that 

this relationship may be due to the awareness of the 

retired and unemployed elderly population living in 

the province of Izmir, where the sociocultural level is 

high, about nutrition and benefiting from sunlight 

adequately. It is an expected situation that the 

average of vitamin D is determined to be higher in 

individuals with university and higher education level. 

Since the blood of the participants was collected 

within 2 months (March-April 2017), the seasonal 

variation was minimized. It was thought that vitamin 

D deficiency may have been detected more 

frequently, because the blood samples of the 

participants were taken after the winter season. 

Moreover, unlike other studies in the literature, this 

study applies a high-precision feature selection 

process using decision trees. However, as presented 

in Table 2, the features obtained provide a complete 

list of variables that have an impact on vitamin D in 

the analyzed dataset. In addition to the identification 

of these variables, the decision rules that are effective 

in classification are also important findings of the 

study. Unlike the existing studies, the Age variable is 

the most important determinant within the scope of 

this dataset, which considers the demographic data 

of the patients as well as their existing diseases. 

Although Age has been used by many studies to 

determine vitamin D levels, it has not been identified 

as a factor, except for a few studies (8). Similar to 

other studies (9), Uric Acid (URICACID) and Calcium 

(CA) levels are other variables that affect the 

classification outcome. According to the empirical 

findings of the study conducted by (37) in which no 
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other variables were used except for various 

measurement values, ALBUMIN and ALT variables 

were the most influential variables on vitamin D 

levels, while these two variables were found to be 

relatively less influential variables in our study. In 

particular, this supports the conclusion that some 

demographic characteristics of the patients may be 

more effective as determinants of vitamin D levels. In 

addition to the highly interpretable findings of this 

study, the empirical results demonstrate classification 

performance with a high accuracy rate (95% 

accuracy). 

The number of observations and variables used in 

this study constitute the main limitations. The data 

used in the study were conducted in a hospital 

environment, especially on people who performed 

certain laboratory tests. Therefore, the number of 

data is limited due to the data collected only from 

volunteers among those who performed these 

laboratory tests. Another limitation of this study is that 

different laboratory test results cannot be added as 

variables. 

Studies on vitamin D prevalence and vitamin D cut- 

off value should be done in Turkey. In addition, this 

study needs to be repeated with new studies that 

measure vitamin D levels with a different method. 

CONCLUSION 

At the present time where data is highly apparent, 

healthcare services are also going through a big data 

revolution. Patients are also among the most critical 

elements of this ecosystem. Patients are constantly 

generating data and transferring their data to different 

applications. With regard to healthcare, it takes 

important steps towards personalized care, which is 

guided by an evidence-based approach to decision- 

making. 

Artificial intelligence applications in healthcare bring 

about an important discussion. How these 

technologies can be included in the clinical workflow 

has become a critical issue studied by different 

researchers. As a result of this; two ways of 

positioning artificial intelligence in medicine / health 

are emerging: first, artificial intelligence is positioned 

as an aid for physicians and patients, second, and 

more radical, it replaces doctors as soon as it is 

sufficiently developed. The first is that artificial 

intelligence; as an irreplaceable component primarily 

in medicine, it assumes that human beings follow the 

principle of physicians, because it is above all a 

technology created by humans and humans are too 

Unal C et al. Factors Affecting Vitamin D Level with Machine Learning 

complex structures to be analyzed from all aspects 

required by any artificial system. In this research, a 

framework supporting the first opinion for the purpose 

of determining Vitamin D level were proposed. 

The research developed two decision tree models 

using two different feature sets. The first model had 

12 variables with a 4% importance, while the second 

had 19 variables. 80% of the dataset was used as the 

training dataset, and 20% as the test dataset. A 5-fold 

cross validation approach was used to evaluate the 

model training results. The decision tree was split 

according to Gini index. The first model achieved a 

high classification accuracy rate of 92.7%, with the 

"Age" feature as the root node. The second model 

achieved a higher accuracy rate of 88.37%, indicating 

that increasing the number of feature sets affects 

model classification performance. 

Based on these results, the decision tree method can 

serve as important and useful references in diagnosis 

for physicians to avoid the use of unnecessary 

medical supplies and improve healthcare quality. The 

empirical findings of this paper try to provide a 

reference index system for physicians in clinical 

diagnosis by using the decision tree, which is a 

machine learning approach. For example, it is 

possible that the factor rules generated from the 

decision tree model can be used in the judgment 

process to reduce human errors and avoid medical 

waste. In addition to the comprehensive examinations 

performed by specialist physicians, it is possible to 

provide a decision support to make the final diagnosis 

with higher accuracy with the information provided by 

this research, and this information can also be used 

to formalize and optimize the healthcare process. 
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INTRODUCTION 
A longitudinal fibrous sheath running along the lateral 
thigh is the iliotibial band (ITB) tract, an essential 
structure involved in the lower limb motion. The ITB 
derives fascial inputs from the deep thigh fascia, 
gluteus maximus, and tensor fascia lata proximally in 
the thigh and implants them distally around the leg, 
including on the proximal tibia (1,2). Therefore, 

limitations in sports activities occur due to ITB 
tightness, which increases the incidence of overuse 
knee injuries in different sports branches (3,4). 
The direct association between ITB tightness and 
limitations in sports activities supports the preference 
for using the Ober or modified Ober tests in 
measuring ITB tightness (5). The initial Ober test was 
identified to investigate the relationship between 

ABSTRACT 
Purpose: In recent years, the medical use of smartphones has increased with the development of 
hardware. The study aims to evaluate the reliability and concurrent validity of iPhone® measurement 
application to measure iliotibial band tightness. 
Materials and Methods: This was a cross-sectional study. Thirty athletes with iliotibial band tightness (17 
males, 13 females) between 20 and 45 years old were included and assessed in this study. The iliotibial 
band tightness was measured with Ober test using a bubble inclinometer and iPhone® measurement 
application and evaluated by two experienced physiotherapists. Three measurements were taken for both 
extremities using both the bubble inclinometer and the iPhone® measurement application by the 
researchers. The intraclass correlation coefficient (ICC) was used to evaluate the reliability of each 
smartphone measurement, and Bland–Altman analysis was used to examine measurement errors. 
Results: The iPhone® measurement application has strong inter-rater (ICC=0.941) and intra-rater 
(ICC=0.986) reliability and concurrent validity (r=0.945) in measuring iliotibial band tightness. 
Conclusion: From the cross-sectional study’s results, it can be concluded that the iPhone® measurement 
application possesses strong intra-rater and inter-rater reliability and concurrent validity and can be used 
for measuring iliotibial band tightness. 
 
Keywords: Assessment, iliotibial band tightness, musculoskeletal abnormalities, smartphone 
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tightness in the ITB and sciatica and low back pain 
(6). Today, this measure is not only used to measure 
ITB flexibility for those with low back pain but also to 
examine ITB flexibility in all people (5). Due to the 
increase in ITB tightness, the movement of the 
extremity measured with the Ober test in the 
horizontal plane is limited and the adduction 
movement of the hip joint decreases (7). 
The ITB tightness measure may be conducted 
through visual inspection or by using a variety of 
measuring methods, including observation, 
goniometer, tape measurement, and inclinometer 
(5,8). Bubble inclinometers are compact, lightweight, 
and affordable. The inclinometer drawbacks include 
usability, as many clinics do not have them, and the 
clinicians’ experience with the unique measuring 
techniques for these methods (9). A body of evidence 
reported good reliability of a gravity-based bubble 
inclinometer for calculating ITB tightness in 
symptomatic and asymptomatic individuals (10). A 
study by Samo et al. (11) found that the investigator 
and/or technological errors could be responsible for 
causing great measurement uncertainties. 
Procedural and technological errors result in 
inaccurate measurements. So, smartphones can be 
a realistic solution to inclinometer from an 
accessibility viewpoint. 
Using sensors embedded in standard smartphones, 
this technology has the potential to provide clinicians 
and sports professionals with easy access to more 
accurate and precise measurements. Its 
development has not been studied as a clinical 
instrument for measuring ITB tightness, despite 
smartphones’ increasing popularity in recent years. 
To the authors' knowledge, there is no study in the 
literature investigating the Concurrent Validity and 
Reliability of a Smartphone Measurement Application 
to Evaluate Iliotibial Band Tightness. To use 
smartphone applications such as bubble 
inclinometers in a clinical setting, its effectiveness 
must be evaluated. Therefore, the aim of this cross-
sectional observational study was to determine the 
inter-observer and intra-observer reliability of a 
smartphone application iPhone® Measurement 
Application and determine the correlation between 
iPhone® Measurement Application and bubble 
inclinometer regarding active ITB tightness in 
athletes. In addition, for the two measuring 
instruments, we tried to analyze the concurrent 
validity and 95% consensus rate. We hypothesizes 
that the iPhone® measurement application will exhibit 

strong concurrent validity and reliability when 
assessing iliotibial band (ITB) tightness, 
demonstrating a robust correlation with the bubble 
inclinometer measurements in athletes. 
 
MATERIALS AND METHODS 
Study design and participants  
This cross-sectional study was conducted across two 
sessions at KTO Karatay University Physical Therapy 
Laboratory between March 2021 and April 2021. This 
study was approved by KTO Karatay University 
Faculty of Medicine Drug and Non-Medical Device 
Research Ethics Committee (Decision Date: 
27.12.2019, Number 2019/012) and prospectively 
registered at www.clinicaltrials.gov (NCT04787900). 
A priori power analysis suggests a minimum 
enrollment of 16 or more athletes for a correlation of 
0.7, an α level of 0.05, and a power of 95% (12). 
Inclusion criteria for this study were being between 
the ages of 20 and 45, having an ITB inclination angle 
below 24.59 degrees (10) and consenting to 
participate. Exclusion criteria included a history of hip 
or knee surgery and a history of lower extremity 
trauma within the last three months. Thirty athletes 
with ITB tightness between 20 and 45 years old were 
included in this study. The study protocol complied 
with the Declaration of Helsinki for human 
experimentation. All athletes provided written 
informed consent.  
 
Procedure 
This study employed a concurrent validity and 
reliability design to assess the iPhone® 
measurement app's reliability and accuracy in 
evaluating ITB tightness. The bubble inclinometer, 
recognized for its validity and reliability in OBER test 
assessments, was chosen for comparison. Athletes 
underwent a standardized 2-minutes warm-up with a 
cycle ergometer before the measurements (13). 
Additionally, prior to data collection, all athletes were 
introduced to the testing procedures and equipment. 
This familiarization process aimed to ensure athletes' 
comfort and understanding of the tests and devices, 
potentially enhancing the reliability of the collected 
data. The ITB flexibilities of both the dominant and 
nondominant limbs were evaluated by two 
independent blinded researchers, each in a separate 
room. One researcher used the iPhone® 
measurement application, while the other utilized a 
bubble inclinometer for measurements. The 
assessments were conducted sequentially by the first 
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investigator followed by the second investigator, 
ensuring consistency and comparability in the 
evaluation process. All measurement values were 
recorded by a third investigator to maintain 
impartiality and accuracy in data collection. For each 
extremity of the athletes, three measurements were 
taken, with a 5-minutes passive rest period provided 
between each measurement. This practice aimed to 
minimize any potential fatigue effects and ensure 
reliable and consistent assessments. Following data 
collection, a rigorous comparative analysis was 
performed utilizing statistical methods established in 
prior studies (14,15). This analysis involved a 
comprehensive examination of the data obtained 
from both devices to determine their validity and 
reliability in assessing ITB tightness.  
Before the initial measurement, the athlete warmed 
up for 2 minutes. After warming up, the athlete lay on 
his side and flexed his knee to 90°. The researcher 
stabilized the patient from the pelvis with one hand 
and, with the other hand, brought the athlete’s flexed 
leg to adduct and extend. The non-measured 
extremity was stabilized with the aid of a belt. Bubble 
inclinometer was first used for measurement. 
Researcher 3 recorded the result by placing the 
device to be measured on the lateral projection of the 

midpoint of the femur with a 90-degree angle (Figure 
1a). 
After the first bubble inclinometer measurement, the 
second and third measurements were taken with 5-
minutes passive intervals. 
Following the completion of the first researcher's 
evaluation, the athletes moved to the second 
researcher's room. The protocol applied for the 
bubble inclinometer was used for the measurements 
of the athletes (Figure 1b). The primary outcome of 
this study was concurrent validity, and the secondary 
outcome was reliability. 
 
Instruments 
We used two devices to measure ITB tightness, 
namely, bubble inclinometer (Baseline, Fabrication 
Enterprises Inc., New York) and iPhone® 
measurement applications (Apple Inc., California). 
The iPhone® measurement application 
measurements were made with the iPhone 6s plus 
running in IOS 13.3.1 (Apple Inc., California). 
 
Statistical analysis 
The SPSS 25 (IBM Corp. Released 2017. IBM SPSS 
Statistics for Windows, version 25.0. Armonk, NY: 
IBM Corp.) software was used to evaluate the data 
and the Shapiro-Wilk test to examine the conformity 

 
Figure 1. A) Measurement procedure for the Ober test with a bubble inclinometer. B) Measurement procedure for the 
Ober test with iPhone® measurement application 
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of variables to normal distribution. All data were 
normally distributed. We analyzed using the mean ± 
standard deviation for the demographic data of the 
athletes. Descriptive data (mean ± standard 
deviation) were determined for the measuring angles 
of both devices. 
The criterion and concurrent validity of the bubble 
inclinometer and iPhone® measurement applications 
were compared with the reference standard and were 
calculated using the Pearson product-moment 
correlation coefficient (r, two-tailed). The correlations 
were interpreted as weak (0.1–0.39), moderate (0.4–
0.69), or strong (0.7– 0.99) (16). 
The reliability of all measurements was tested using 
the ICC models (3, k and 2, k, respectively) for the 
intra-rater and inter-rater analyses. Using the SPSS 
software, the ICC model (2, k) was computed by 
selecting the options two-way random, average 
measure, and absolute agreement and the ICC model 
(3, k) the options two-way mixed and average 
measure (17). 
The Bland-Altman plots were used to visually assess 
the mean differences and 95% limits of agreement 
between the bubble inclinometer and iPhone® 
measurement applications (18). A standard 
measurement error (SEM) calculated in the SD X √(1-
ICC) form was used to examine the instruments’ 
precision (19). The minimum detectable change 
(MDC95) representing the magnitude of the change 
required to provide confidence that a change is not 
caused by a random variation or measurement error 
was calculated with the formula form √2 X 1.96 X 
SEM at 95% confidence level. The level of 
significance was set at 0.05 (20). 

RESULTS 
The demographic information of 30 athletes with ITB 
tightness between the ages of 20 and 45 in this study 
was given in Table 1. (N = 30; 17 males, 13 females; 
age = 26.3 ± 4.6 years; body mass index = 23.5 ± 1.6 
kg/m2). The flow diagram is shown in Figure 2. The 
measuring angles for each device by two researchers 
are given in Table 2. 
 
Concurrent validity 
One of the outcomes of this study is concurrent 
validity. The analysis of the whole dataset showed a 
strong correlation between the bubble inclinometer 
and iPhone® measurement application for ITB 
tightness measurement (r = 0.945, 95% CI = 0.058–
0.575). 
The Bland-Altman plot illustrated the agreement 
between the iPhone® measurement application and 
bubble inclinometer, with most values falling within 
the 95% limits of agreement (Figure 3). The mean 
difference between the iPhone® measurement 
application and bubble inclinometer measurement 
angle were −0.310. 
 
Reliability 
Another of the outcomes of this study was reliability, 
which was analyzed both inter-rater and intra-rater. 
 
Intra-rater reliability 
A strong intra-rater reliability was found with both the 
bubble inclinometer (ICC:0.983, %95CI:0.960–0.992) 
and iPhone® measurement application (ICC: 0.986, 
%95CI: 0.971–0.993) (Table 3). 
 
Inter-rater reliability 
A strong inter-rater reliability was found with both the 
bubble inclinometer (ICC:0.992, %95CI:0.987–0.995) 
and iPhone® measurement application (ICC: 0.941, 
%95CI: 0.902–0.965). (Table 4). 
 
DISCUSSION 
This is the first study that investigated the intra-rater 
and inter-rater reliability and concurrent validity of 
iPhone® measurement applications in measuring ITB 
tightness in individuals without ITB-related pathology 
The iPhone® measurement application was found to 
be highly valid, reliable, and accurate in measuring 
ITB tightness compared to a bubble inclinometer. The 
concurrent validity for ITB tightness between the 
bubble inclinometer and iPhone® measurement 
application was strong. These results are consistent  

 
Figure 2. Flow diagram  
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with various studies showing similar levels of 
correlation between smartphone applications and 
inclinometers and goniometers for measuring 
different ranges of motion (21,22). 
Stresses from the daily living activities and sports, 
traumas, and pathologies can affect ITB mechanics 
and function. ITB tightness causes sports injuries, 
especially in the knee and hip joints. Measuring ITB 
tightness using valid and reliable tools can help 
clinicians and physiotherapists to provide an accurate 
clinical evaluation of athletes with knee and hip 
injuries occurring during competition or training 
(23,24). In the literature, the intra-rater and inter-rater 
reliability values of the bubble inclinometer used to 
measure ITB tightness have been reported to be 
strong (5,8). In this study, the ICC values for intra-
rater and inter-rater reliability of measuring ITB 
tightness using the bubble inclinometer were 0.983 
and 0.992, respectively. The reliability of the bubble 
inclinometer in this study aligns with prior research, 
showing consistently strong ICC values.  
Several studies have evaluated the reliability and 
validity of smartphone ROM applications (25–27). 
Charlton et al. (28) evaluated the reliability and 
validity of a Smartphone for the assessment of hip 
ROM and found that intra-rater reliability ranged from 
0.63 to 0.94. When compared to bubble inclinometer 
and motion analysis system, concurrent validity was 
0.71 to 0.98. In another study of smartphone validity 
and reliability for the assessment of hip ROM, 
concurrent validity was excellent (r = 0.91-0.93). In 
addition, it showed excellent intra-rater and inter-rater 
reliability (ICC > 0.90) for all hip movements (29). The 
validity and reliability of the smartphone for the 
assessment of hip ROM were generally found to be 
valid and reliable in studies. We think that 
smartphones can be used in the evaluation of ROM 
of the hip joint due to the low compensation in the 
movements of the hip joint during measurement. 
According to the results of the Ober test conducted by 
Reese and Bandy (5) the ITB tightness measured 
with the bubble inclinometer was 18.9°. In this study, 
the bubble inclinometer angle varied between 18.93° 
and 18.96°, and the tilt angle measured with iPhone® 
measurement applications was between 19.23° and 
19.26°. The angular values obtained from this study 
are similar to the literature. The mean measurement 
values obtained from both devices used in this study 
were comparable. The results also revealed that both 
raters had a strong intra-rater reliability. In this study, 
the bubble inclinometer mean values were slightly 

Table 1. Demographic characteristics of the 
participants 

 Mean SD 
Age (year) 26.36 4.62 
Height (m) 1.77 .05 
Weight (kg) 71.30 7.38 
BMI (kg/m2) 23.52 1.68 

Gender n % 
Male 17 56.67 

Female 13 43.33 
n, number of participants; SD, standard deviation; BMI, body 
mass index; kg, kilogram, m:meter %, percentage 
 
 
Table 2. Measurements of iliotibial band tightness for 
each device 

 Right Left 
Mean SD Mean SD 

Bubble inclinometer 
(degree) 

Researcher 1 

18.96 3.14 18.93 3.03 

Bubble inclinometer 
(degree) 

Researcher 2 

18.93 3.21 19.1 3.17 

iPhone® measurement 
applications (degree) 

Researcher 1 

19.23 2.93 19.36 2.67 

iPhone® measurement 
applications (degree) 

Researcher 2 

19.26 2.91 19.6 3.99 

SD, Standard deviation 
 
 
Table 3. Intra-rater reliability 

Intra-rater Bubble 
inclinometer 

iPhone® 
measurement 

application 
ICC (95% CI) 0.983 (0.96–

0.992) 
0.986 (0.971–

0.993) 
SEM 0.797 0.680 

MDC95 2.098 1.884 
ICC, intraclass correlation coefficient; CI, confidence interval; 
SEM, standard error of measurement; MDC95, minimum 
detectable change 

 
 
Table 4. Inter-rater reliability 

Inter-rater Bubble 
inclinometer 

iPhone® 
measurement 

application 
ICC (95% CI) 0.992 (0.987–

0.995) 
0.941 (0.902–

0.965) 
SEM 0.555 1.445 

MDC95 1.538 4.005 
ICC, intraclass correlation coefficient; CI, confidence interval; 
SEM, standard error of measurement; MDC95, minimum 
detectable change 
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lower than that with the iPhone® measurement 
application. The distinct device structures and 
potential challenges in maintaining constant skin 
contact with the smartphone during measurement 
might explain the variance in average values 
obtained. We think that the high surface area of the 
smartphone and full contact make measurement 
easier. These results could have potential practical 
applications for physicians and physiotherapists 
wanting to simply monitor their patients’ ITB tightness 
using their smartphones. Another reason for the high 
reliability may be due to more than 10 years of clinical 
experience of the investigators making the 
assessments. However, more research is needed in 
investigating the reliability of the existing iPhone® 
measurement applications for inexperienced 
examiner where reliability values cannot be predicted. 
Before the evaluations, the athletes were shown how 
to perform the application. To get more reliable 
results, we performed all measurements for three 
times. The averages of these measurements were 
analyzed. There are validity and reliability studies on 
the use of the iPhone® measurement application for 
range of motion evaluation, but there are no studies 
on the use of the application in ITB tightness 
(9,14,21,30,31). The findings of this study align with 
existing literature (9,17). The ICC values for the intra-
rater and inter-rater reliability of measuring ITB 
tightness using the iPhone® were 0.986 and 0.941, 
respectively. 

The intra-rater (0.971-0.993) and inter-rater (0.902-
0.965) reliability of the iPhone® measurement 
applications were strong. The reliability achieved with 
the iPhone® measurement applications was 
comparable to that of the gravity-based inclinometer, 
partly owing to the absence of a smartphone case, a 
snug fit, and familiarity. The advantages of using the 
iPhone® measurement applications over the bubble 
inclinometer are being not limited in time and space 
and being a standard and free application of an 
iPhone®. It should be noted that millions of people 
can easily access the iPhone® measurement 
application from Apple’s AppStore. Conversely, the 
limitations of using smartphones should be 
considered. Examiners may not want to use their 
smartphone for evaluation, as there will be direct 
contact between the smartphone and the individual’s 
skin (9). Additionally, software and hardware 
problems may be encountered in smartphones 
regardless of the examiner. Depending on the 
increase in smartphone usage, the use of a valid and 
reliable application other than the medical devices 
used for clinical ROM measurement may make the 
evaluation easier and cheaper. Thus, based on this 
information, the iPhone® measurement application 
can be used validly and reliably for ITB tightness 
measurement without the need for additional medical 
equipment. 
The strength of this study is that it reached a sufficient 
sample size, and it was a double-blind study. Despite 
its strengths, this study encountered several 

 
Figure 3. Bland-Altman plot for the iPhone® measurement application and bubble inclinometer 
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limitations. Firstly, the iPhone Measurement 
application used for assessment was limited to the 
iOS operating system, restricting its application on 
other platforms like Android or HarmonyOS. 
Additionally, the expertise level of the examiners 
could potentially impact the study outcomes, raising 
uncertainties about whether less experienced raters 
would produce similar results. Furthermore, the study 
faced an imbalance in gender representation, with a 
larger number of male athletes compared to females. 
This disparity might have influenced the 
generalizability of the findings, considering potential 
anatomical and biomechanical variations between 
genders. While the study aimed to focus on ITB 
tightness regardless of gender-specific variations, 
future research should consider a more balanced 
gender representation for a comprehensive 
understanding of potential impacts on measurement 
outcomes. 
Evaluation is important in the field of physiotherapy 
and sports. Before and after a problem occurs, the 
problem source is understood with a good evaluation, 
wherein many devices can be used (e.g., 
goniometers, inclinometers, measuring tapes, etc.) 
(10,22). Recently, the use of smartphone technology 
has become widespread due to its practicality and the 
large number of people using it. Thus, measurements 
can be made easily without the need for medical 
equipment. This study demonstrated that the 
iPhone® measurement applications in a ready-to-use 
smartphone are valid and reliable for measuring ITB 
tightness. 
 
CONCLUSION 
The study's hypothesis positing the strong concurrent 
validity and reliability of the iPhone® measurement 
application in evaluating ITB tightness has been 
confirmed. Our findings demonstrate a robust 
correlation between measurements obtained via the 
iPhone® application and the bubble inclinometer, 
supporting its effectiveness as a valid and reliable tool 
for assessing ITB tightness among athletes with ITB-
tightness pathology. Therefore, the study's objectives 
have been met, affirming the utility of the iPhone® 
measurement application as a feasible alternative to 
traditional medical devices, offering clinicians and 
physiotherapists a convenient and reliable means of 
evaluating ITB tightness. 
We recommend the incorporation of the iPhone® 
measurement application as a complementary 
assessment tool in clinical settings. Its accessibility, 

accuracy, and reliability make it a valuable addition to 
the array of traditional measurement devices. 
However, practitioners should consider the need for 
standardization in its usage and ensure familiarity 
with the application's methodology to optimize 
results. Additionally, future research should explore 
its efficacy in diverse populations and validate its use 
by practitioners with varying levels of experience. 
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INTRODUCTION 
Venous Thromboembolism (VTE), including deep 
vein thrombosis (DVT) and pulmonary embolism, is a 
preventable and significant health issue, often 
occurring in the lower extremity venous vessels (1). 
Three basic mechanisms which facilitate the 
development of VTE and which are defined as the 
Virchow triad are slowing of blood flow, endothelial 

damage and hypercoagulation (2, 3). When the clot 
formed as a result of this mechanism moves to other 
parts of the body, potentially fatal consequences 
occur (1). It is stated that 1-2/1000 cases of VTE are 
seen in the world every year (1, 4). In Turkey, the 
prevalence of VTE in postoperative patients varies 
between 0.56 and 1 per 1000 (5, 6). However, 
approximately 600 thousand cases of VTE are seen 

ABSTRACT 
Purpose: This study aimed to examine the use of graduated compression stockings in patients after 
surgery.  
Methods: Employing a descriptive research design, the study was conducted on a sample of 173 
postoperative patients using compression stockings in the surgical departments of a university hospital. 
The data, obtained through the sociodemographic and clinical characteristics form, and the evaluation 
form assessing the use and knowledge level of graduated compression stockings, were collected via face-
to-face interviews and observation.  
Results: The mean age of the patients in the study sample was 58.84±13.67 years, and the number of 
days after wearing graduated compression stockings was 2.97±2.14. Among all the patients, 80.9% did 
not elevate their feet while in bed before putting on stockings, and 72.3% did not wear stockings before 
getting out of bed. The researchers observed that 50.9% of the patients correctly positioned the 
stockings on the heel, while 79.2% had folds in the stockings they wore. Additionally, during the removal 
of stockings for observations, 59.5% of the patients exhibited redness in the corresponding area. The 
patients who received information from healthcare providers had used the stocking accurately, and there 
was less tissue damage (p<0.05). 
Conclusion: Patients experience some problems during the use of stockings, such as incorrect usage 
and tissue damage; however, these problems are less observed in educated patients. Consequently, it is 
advisable to implement comprehensive and effective patient education programs on compression stocking 
usage to address these issues and improve patient outcomes. 
   
Keywords: Graduated compression stockings, Nursing, Postoperative, Venous thromboembolism 
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in the United States every year, causing 7-10 billion 
dollars of expenditure in the area of health (1, 4). VTE 
leads to prolonged hospitalization, an increase in 
treatment costs, complications and an increase in 
mortality (1). Therefore, interventions to prevent VTE 
are important in the care and treatment of patients. 
National and international health organizations 
periodically publish and update clinical guidelines for 
the prevention and management of VTE (2, 4, 7, 8). 
Primarily pharmacological treatment methods are 
recommended for the prevention of VTE (1, 2). The 
use of mechanical protective measures is 
recommended besides the use of pharmacological 
treatment or in patients who cannot use 
pharmacological treatment (2, 7). Graduated 
compression stockings (GCS), one of the mechanical 
protective measures, are easy-to-access and cost-
effective medical products when compared to other 
mechanical protective measures such as the 
intermittent pneumatic compression. The use of GCS 
in patients at low risk for the development of VTE is 
controversial (9). In a large-scale study conducted 
with patients at moderate and high risk for DVT, it was 
stated that pharmacological treatment alone may be 
sufficient to prevent DVT and that the use of GCS 
may be unnecessary in many patients (10). However, 
GCS is now widely used in patients with moderate 
and high risk (8, 11).  
When GCSs are used effectively and properly in 
patients in the postoperative period, they decrease 
the incidence of DVT by reducing not only the general 
cross-sectional area of the leg but also venous 
distension, by enhancing the venous return and by 
improving the venous valve function (12, 13). In order 
for GCSs to be effective, they must be in appropriate 
sizes for the patients' body and provide the 
appropriate compression (13, 14). In addition, for the 
effective use of stockings, patients should know the 
points to be considered regarding the use of GCS 
(11). Skin problems such as insufficient compression 
and support, ring-shaped compression marks, 
tourniquet effect, dryness of the skin, itching and 
compression ulcers are frequently encountered as a 
result of improper use of GCS (13, 15, 16). Injuries 
due to the use of GCS are among important injuries 
related to mechanical devices (17). Especially the 
problems experienced by patients with leg edema are 
more common (11).  
Although the use of GCS is an effective method in the 
prevention of DVT, patients’ insufficient knowledge 
about the use of stockings may cause undesirable 

harmful effects. Healthcare professionals have an 
important role in enabling patients to access 
adequate and appropriate information. Nurses have 
an important role in the care, education and follow-up 
of patients at risk for DVT, yet there are still 
deficiencies in the interventions made in relation to 
this subject (18). Compliance with a standard protocol 
during the use of stockings for the prevention of 
embolism may help reduce the skin problems seen in 
patients (19). It was observed during the use of GCS 
in the clinic that misapplications were made; those 
patients had insufficient knowledge about this 
subject; and that skin problems related to the use of 
stockings were experienced. In this respect, the 
purpose of this study was to examine the patients’ 
use of GCS in the postoperative period. 
 
MATERIALS AND METHOD 
Research Design 
The study was carried out using the descriptive 
research design. The study was conducted in 
accordance with the Declaration of Helsinki, and the 
protocol was approved by the clinical research ethics 
committee of Suleyman Demirel University (Decision 
Date: 24.05.2022 and number 11/150). In addition, 
the consents of the institution where the study was 
carried out were obtained. The study was conducted 
in the surgical department of a university hospital 
(General Surgery, Neurosurgery, Orthopedics, 
Thoracic Surgery and Cardiovascular Surgery) in 
western Turkey between September 2022 and 
January 2023.  
 
Participants 
The research sample consisted of 173 patients who 
were treated in the surgical clinics of a university 
hospital at the time the research data were collected 
and who met the sampling criteria. The criteria for 
inclusion in the research sample included being 18 
years or older, agreeing to participate in the study 
voluntarily, being in the postoperative period, having 
undergone elective surgery, using GCS for the last 48 
hours, being able to understand and speak Turkish, 
and having orientation for person, place and time. 
Among the criteria for being excluded from the 
research sample was the presence of a disease (such 
as dementia/Alzheimer's, schizophrenia, etc.) that 
may influence the capability of making decisions. The 
patients were asked for their consents with the help 
of Informed Consent Form, which included 
information about the purpose of the study, the 
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duration of the research process, the implementation 
process, data collection, voluntary participation in the 
study, leaving the study at any time, and keeping the 
participants’ names confidential. 

Data Collection Tools 
The research data were collected  using the Socio-
Demographic and Clinical Characteristics Form and 
the Use and Knowledge Level of Graduated 
Compression Stockings Evaluation Form, from the 
patients who met the sampling criteria. While 
collecting the data, the face-to-face interview method 
was used when the patients’ general condition was 
stable and appropriate. The stockings were put off to 
observe whether there was a problem related to the 
use of GCS in the patients, and they put on the 
stockings again after the observation. In order to 
ensure the reliability of the observational data, the 
data were collected together by two researchers. The 
data collection process lasted an average of 10-15 
minutes. Moreover, some of the research data were 
obtained from the patients' medical records (type of 
anesthesia, and so on). 
 
Socio-Demographic and Clinical Characteristics 
Form 
This form was prepared by the researchers in line 
with the literature. The form was made up of a total of 
18 questions regarding the socio-demographic and 
clinical characteristics of the patients, such as "age, 
gender, educational background, employment status, 
chronic disease, type of chronic disease, body mass 
index, the clinic where the treatment was received, 
the type of anesthesia used in the surgery, previous 
experience in surgical intervention, and so on" (11, 
13, 16, 20).  
 
The Use and Knowledge Level of Graduated 
Compression Stockings Evaluation Form 
This form was prepared by the researchers in line 
with the guidelines and studies on the use of GCS (7, 
10, 11, 13, 15, 16, 19, 21, 22). There were 33 
questions in the form to evaluate the patients' use of 
GCS and their knowledge level.  
 
Data Analysis  
The research data were analyzed in 25 package 
programs of SPSS (Statistical Package for Social 
Sciences; SPSS Inc., Chicago, IL). In accordance 
with the purpose of the study, descriptive statistics 
are shown as number (n) and percentage (%) values 
in categorical data and mean±standard deviation 
(Mean±SD) values in continuous data. Pearson Chi-
square analysis was used to compare categorical 
variables between groups. 
 

Table 1. Socio-demographic and clinical 
characteristics of the patients (n:173) 

 
Variable n % 

Gender 
Female 
Male 

 
95 
78 

 
54.9 
45.1 

Marital Status  
Single 
Married 

 
26 

147 

 
15.0 
85.0 

Educational Background 
Literature 
Elementary School/Secondary 
School 
High School 
Bachelor degree or above  

 
54 
55 
39 
25 

 
31.2 
31.8 
22.5 
14.5 

Financial Status Perception 
Income lower than expenditures  
Income equal to expenditures 
Income higher than expenditures 

 
12 

103 
58 

 
6.9 

59.5 
33.5 

Employment  
Employed 
Unemployed 

 
66 

107 

 
38.2 
61.8 

Chronic Disease 
Yes 
No 

 
92 
81 

 
53.2 
46.8 

Body mass index 
Lower than 18.9 kg/m2 (weak) 
Between 19-24.9 kg/m2 (normal) 
Between 25-29.9 kg/m2 (a little 
fat) 
Between 30-34.9 kg/m2 (obese) 
Higher than 35 kg/m2 (extremely 
obese) 

 
3 

66 
56 
26 
22 

 
1.7 

38.2 
32.4 
15.0 
12.7 

The clinic of treatment 
received  
General surgery 
Orthopedics 
Brain and neurosurgery  
Thoracic surgery 
Cardiovascular 

 
34 
45 
38 
38 
18 

 
19.7 
26.0 
22.0 
22.0 
10.4 

Prior surgical experience 
Yes 
No 

 
90 
83 

 
52.0 
48.0 

Post-operative standing 
up/mobilization 
Yes 
No 

 
108 
65 

 
62.4 
37.6 

 Mean ± Standard 
Deviation 

Age 58.84±13.67 (min-
max=22-85) 

Postoperative mobilization 
time (Hour) 

5.70±1.75 (min-
max=1 -11) 

Satisfaction with the health 
service  

7.23 ±1.00 (min-
max=4-9) 
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RESULTS Table 2. Evaluating patients’ use of graduated compression stockings and their knowledge levels (n:173) 
 

Variables n % 

Previous use of GCS* 
Yes 
No 

 
55 

118 

 
31.8 
68.2 

Time when GCS was used for the first time  
A few hours before surgery 
In the operating room 
In the clinic after the operation 

 
1 
9 

163 

 
0.6 
5.2 

94.2 
Kind of GCS 
Knee-length 
Thigh-length 

 
112 
61 

 
64.7 
35.3 

Type of GCS  
With toes open 

 
173 

 
100.0 

Measuring the leg before the use of GCS   
Yes  
No 

 
51 

122 

 
29.5 
70.5 

Compression level of the stockings used 
Not known 

 
173 

 
100.0 

Need for assistance while putting on and off GCS  
Yes 
No 

 
88 
85 

 
50.9 
49.1 

Difficulties/problems experienced during the use of GCS according to the patient's report 
Itching 
Feeling warm 
Redness 
Inability to put on/ off stockings without help 
Causing pain 
Sweating  
Color change 
Slipping of stockings 
Difficulty in wearing 
Sensibility  
Other** 

 
 

76 
74 
66 
49 
42 
24 
23 
21 
20 
19 
60 

 
 

45.0 
43.8 
39.1 
28.5 
24.9 
14.2 
13.6 
12.4 
11.8 
11.2 
35.6 

Fit of the GCS size  
Yes 
No 

 
110 
63 

 
63.6 
36.4 

If the GCS size is not suitable, how is it?  
Too tight 
Too loose 

 
54 
9 

 
85.7 
14.3 

Whether informed about GCS or not? 
Yes 
No 

 
96 
77 

 
55.5 
44.5 

Do you know why you use GCS?  
Yes 
No 

 
148 
25 

 
85.5 
14.5 

Why are you using GCS? (n=148) 
Prevention of clot formation 
Prevention of swelling 
Eliminating pain 

 
114 
10 
24 

 
65.9 
5.8 

13.9 
Do you know how you should use GCS? 
Yes   
No 

 
140 
33 

 
80.9 
19.1 

Before I put on GCS, I lifted my feet up for a while (in bed). 
Yes 
No 

 
33 

140 

        
19.1 
80.9 

I put on GCS before getting out of bed.  
Yes 
No 

 
48 

125 

 
27.7 
72.3 

I wore it by placing the heel area of GCS properly. 
Yes 
No 

 
132 
41 

        
76.3 
23.7 

After the operation, I removed GCS for such reasons as examination, massage, and so on. 
Yes 
No 

 
118 
55 

 
68.2 
31.8 

I checked my skin by removing GCS during the day. 
Yes 
No 

 
98 
75 

        
56.6 
43.4 

I checked the toe opening and the upper part of the legs skin for redness, and so on.  
Yes 
No 

 
 

128 
45 

 
 

74.0 
26.0 

I paid attention to whether there were folds/wrinkles. 
Yes 
No 

 
109 
64 

 
63.0 
37.0 

I made sure that they ended 2.5-5 cm below the patella (if the stockings were knee-length). 
Yes 
No 

 
 

21 
91 

 
 

18.8 
81.3 

I made sure that they ended 2.5-7.5 cm below the gluteal fold (if the stockings were thigh-length). 
Yes 
No 

 
 

18 
43 

 
 

29.5 
70.5 

I washed GCS with warm water without rubbing it when they got dirty. 
Yes 
No 

 
 

55 
118 

 
 

31.8 
68.2 

I know how to remove GCS. 
Yes 
No 

 
118 
55 

 
68.2 
31.8 

*GCS: Graduated compression stockings, **Other:  Includes tingling, unaesthetic appearance, restriction of movement, edema, numbness and dryness of the skin.  
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RESULTS 
The mean age of the patients in the study sample was 
58.84±13.67 years. Of the patients in the 
postoperative period, 54.9% were women; 31.8% 
were primary school/secondary school graduates; 
61.8% of 59.5% were unemployed; 53.2% had a 
chronic disease; and 38.2% were of normal weight. 
Among all the patients, 26% of them were treated in 
the orthopedic clinic; 77.5% received general 
anesthesia; 52% had undergone previous surgery; 
and 62.4% were able to stand up after surgery (Table 
1). The socio-demographic and clinical 
characteristics of the patients in the postoperative 
period are given in Table 1 below. 
Of all the patients in the study sample, 68.2% of them 
had not used GCS before; 94.2% wore the stockings 
in the clinical setting after the surgery; 64.7% used 
knee-length stockings and 100% used open-toed 
stockings; the leg circumference and length of 70.5% 
were not measured before using GCS; 100% did not 
know the compression level of the stockings; 50.9% 
needed help while putting on and putting off GCS; 
97.1% did not use an apparatus to put on the 
stockings; and 45% experienced itching during the 
use of stockings. Of all the patients in the 
postoperative period, 63.6% said the size of the GCS 

was appropriate; 85.7% said the stockings were too 
tight; 55.5% were informed about GCS; 85.5% knew 
why they used the stockings; 65.9% used them to 
prevent clot formation; and 80.9% said they knew 
how to use the stockings (Table 2).  
In addition, 80.9% of the patients did not lift their feet 
while in bed for a while before putting on the GCS; 
72.3% did not wear the stockings before getting out 
of bed; 76.3% of them placed the stockings on the 
heel properly; 68.2% of them put off GCS after the 
operation for such purposes as control, massage and 
so on; 56.6% checked their skin by removing them 
during the day; 74% of them checked their skin from 
their toe opening or from the upper part of their legs 
where the stockings ended; 63% of them checked the 
stockings not to have folds/wrinkles while using them; 
81.3% of them did not pay attention to the fact that 
the knee-length stockings should end 2.5-5 cm below 
the patella; 70.5% did not pay attention to the fact that 
the thigh-length stockings should end 2.5-7.5 cm 
below the gluteal fold; 68.2% of them did not wash the 
stockings with warm water when they got dirty; and 
68.2% knew how to put off the stockings (Table 2). 
Moreover, it was seen that the number of days after 
GCS was worn was 2.97±2.14 (min-max=2 -18); the 
number of GCS removals was 2.02±0.92 (min-max=1 
-6); and satisfaction level with the training provided by 
healthcare professionals on the use of GCS was 
5.97±1.58 (min-max=1-9). 
In the postoperative period, 50.9% of the patients 
placed GCS properly on the heel; 79.2% did not wear 
it without any folds; 84.8% did not wear the knee-
length compression stockings 2.5-5 cm below the 
patella; and 80.3% did not wear the thigh-length 
compression stockings below the gluteal fold. In 
addition, 59.5% of the patients were observed to have 
redness in the area when the GCS was removed 
(Table 3). 
According to the researcher observations, a 
statistically significant difference was found between 
the patients’ proper use of stockings who received 
information from healthcare providers about GCS and 
those who did not. It was revealed that the patients 
who received training had significantly better results 
in terms of placing the stockings properly on the heel, 
wearing them without any fold, and wearing them as 
appropriate to the knee-length or thigh-length 
(p<0.05). In addition, it was found that the problems 
observed in the tissue related to the use of GCS in 
the patients were fewer in number in the group that 
received information (p<0.05) (Table 4). There was 

Table 3. Observations of the researchers regarding the 
use of graduated compression stockings worn by the 
patients (n:173) 

Variable n % 
Wearing GCS* with proper placement 
on the heel  
Yes 
No 

 
88 
85 

 
50.9 
49.1 

Wearing GCS without folds  
Yes 
No 

 
36 

137 

 
20.8 
79.2 

In the case of knee-length GCS, ending 
2.5-5 cm below the patella (n=112) 
Yes 
No 

 
17 
95 

 
15.2 
84.8 

In the case of thigh-length GCS, ending 
2.5-7.5 cm below the gluteal fold (n=61) 
Yes 
No 

 
 

12 
49 

 
 

19.7 
80.3 

The presence of problems observed in 
the tissue  
Yes 
No 

 
112 
61 

 
64.7 
35.3 

Problems observed in the tissue  
Redness 
Squeezing 
Edema 
Other** 

 
103 
48 
18 
7 

 
59.5 
27.7 
10.4 

4 
* GCS: Graduated compression stockings, Other** includes 
compression ulcer and tourniquet effect. 
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no statistically significant difference between the type 
of GCS (knee-length and thigh-length) and proper 
placement of stockings, wearing without any folds or 
having problems based on the use of stockings 
(p>0.05). 
 
DISCUSSION 
According to the reports of the patients in this study, 
only one third of the body measurements were taken 
before using GCS. In the literature, it is pointed out 
that the body measurements of patients should be 
taken in the preoperative period and that suitable 
stockings should be according to these 
measurements (13, 19, 23). Studies demonstrated 
that patients use stockings in the wrong size and that 
there is no documentation for the size of stockings 
used by patients (13, 16). Winslow and Brosz (2008) 
found that the stockings used in 26% of the 
postoperative patients were not suitable for the 
patient's size, and Miller (2011) reported that 36% of 
the patients did not use stockings appropriate to their 
size in the postoperative period. Miller (2011) stated 
that the stockings with the wrong size were one-size 
or two-size larger than the body measurements of the 
patients and that these stockings did not allow an 
effective use in terms of preventing VTE. GCS must 
be able to provide effective compression in order to 
reduce the risk of VTE (14).  
According to the reports of the patients in the study, 
about half of them could not get enough information 
about GCS. The patients generally stated that they 
knew what the stockings were used for (85.5%). 
However, when their answers to the question of "Why 
do you use them" were considered, it was seen that 
some of the patients (19.7%) did not have accurate 
knowledge about the purpose of using stockings. 

Moreover, the patients did not have knowledge about 
the compression levels of the stockings used. These 
findings suggest that the patients did not have 
sufficient knowledge about GCS. Furthermore, the 
answers given by the patients to the questions about 
their use of GCS showed that the majority of them did 
incorrect practices such as wearing stockings after 
getting out of bed; that about half of them did not put 
off the stockings at all; that about half of them did not 
check their skin; or that more than one-third of the 
patients did not pay attention to the formation of folds. 
In a study conducted by Winslow and Brosz (2008), it 
was found that 20% of surgical patients did not know 
the purpose of using stockings and that 29% of them 
used stockings improperly (13). On the other hand, 
Özkan et al. (2016) found that patients in the 
postoperative period did practices regarding the use 
of stockings and that their knowledge about this 
subject was insufficient (16). Improper practices 
during the use of GCS may cause the use of 
stockings to be ineffective, the patient's risk of DVT to 
continue, or problems to occur such as skin problems 
related to the use (11). Similar to the research 
findings in the literature, it was seen that the patients 
had insufficient knowledge about the use of stockings 
and wore them wrongly. 
In this study, it was revealed that the patients had a 
moderate level of satisfaction with the information 
they received about the use of GCS (5.97±1.58). The 
researcher observations demonstrated that the 
patients who received information about GCS had 
better use of GCS than the patients who were not 
informed. It was also seen that these patients placed 
the stockings properly, paid attention to the absence 
of folds, and wore the stockings according to the 
thigh-length or patella-length. In addition, it was found 

Table 4. Comparison of researcher observations and informing patients about GCS* (n=173) 
 

Variables  Informing about GCS Analysis** 
  Yes 

n (%) 
No 

n (%) x2/p 

Wearing GCS with proper placement on 
the heel  

Yes 56 (58.3) 32 (41.6) 4.81/ 0.028 
No 40 (41.7) 45 (58.4) 

Wearing GCS without folds  Yes 32(33.3) 4(5.2) 20.53/ 0.001 
No 64(66.7) 73(94.8) 

In the case of knee-length GCS, ending 
2.5-5 cm below the patella (n=112) 

Yes 15 (24.6) 2 (3.9) 9.21/ 0.002 
No 46 (75.4) 49 (96.1) 

In the case of thigh-length GCS, ending 
2.5-7.5 cm below the gluteal fold (n=61) 

Yes 11 (31.4) 1 (3.8) 7.18/ 0.007 
No 24 (68.6) 25 (96.2) 

Observed problems  
 

Yes 50 (52.1) 62(80.5) 15.13/ 0.001 
No 46 (47.9) 15 (19.5) 

* GCS: Graduated compression stockings ** Pearson Chi-square test 
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that the problems observed due to the use of GCS 
were fewer in these patients. Nurses have important 
responsibilities in informing and monitoring patients 
who will use GCS in clinics (11, 14). Nurses should 
check the patient's skin before wearing GCS and 
should contact the doctor when there is a situation 
that prevents them from wearing stockings. In order 
for the stockings to be used effectively by the 
patients, they should be provided with adequate 
education and information, and they should continue 
their education at intervals during patient follow-up 
(11, 13). In the regulation on the Amendment of the 
Nursing Regulation (Official Gazette, 19 April 2011, 
Number: 27910), nurses' attempts to prevent 
embolism are legally recorded (24). In the literature, 
it is reported that although nurses' attitudes towards 
the use of GCS are positive, there are deficiencies in 
their knowledge and behaviors regarding this subject 
(25, 26). Karadogan et al. (2020) found that nurses 
had insufficient knowledge about the risk factors for 
venous thromboembolism, about pharmacological 
and non-pharmacological interventions for the 
prevention of venous thromboembolism, and about 
patients’ education (20). Inadequacies in both 
knowledge and behavior are important obstacles that 
cause patients not to use graduated stockings 
properly in clinics. It was found that with the clinical 
use of the anti-embolism stockings care protocol 
developed by Akyüz and Tunçbilek (2021), the 
knowledge and practical skills of nurses increased 
and that the problems encountered by patients 
related to the use of stockings decreased (19). The 
guideline published by the American Society of 
Operating Room Nurses for the prevention of DVT 
advises establishing and implementing an evidence-
based protocol in line with the research results, 
evaluating the patient in the preoperative period, 
applying mechanical and pharmacological 
prophylaxis effectively, providing patients with 
education, and recording the interventions (23). 
Parallel to the literature, the findings obtained in the 
study showed that patients’ education was necessary 
to increase the proper use of GCS and to reduce the 
problems experienced, similar to the literature. 
In the study, the patients stated that they experienced 
problems such as itching (45.0%), feeling of warmth 
(43.8%), redness (39.1%), inability to put on and off 
stockings without help (28.5%) and pain (24.9%) due 
to the use of GCS. The researchers’ observations of 
the patients revealed that redness (59.5%) and 
squeezing (27.7%) were encountered most 

frequently. Studies demonstrated that similar 
problems were experienced due to the use of 
stockings in the postoperative period (11, 13, 15, 16, 
27). Ozkan et al. (2016) found that patients in the 
postoperative period mostly experienced problems 
such as inability to put on and off stockings without 
help and sweating due to the use of stockings. On the 
other hand, Winslow and Brosz (2008) reported that 
most of the surgical patients experienced discomfort 
due to the use of stockings and that 20% of the 
patients had redness. In a study examining patients 
who needed to use compression stockings for a long 
time, it was revealed that the patients had problems 
such as difficulty in putting on and off stockings, 
tightening, sweating and itching (27). These problems 
were frequently seen in the areas of stockings that 
were under high compression locally (28). It was 
reported that the problems experienced in patients in 
the postoperative period were fewer in patients who 
used low-compression stockings (21). Improper use 
of stockings can also cause problems to increase. In 
a study, it was found that improper use of stockings 
was more common in patients who were overweight 
and who used thigh-length stockings and that 
problems related to the use of stockings were more 
common (13). In the literature, it is pointed out that 
the skin should be clean and dry before stockings are 
used and that stockings should be removed and re-
worn daily for skin control (11). The findings obtained 
in the present study are similar to those reported in 
the literature, and ineffective use of GCS can lead to 
serious problems. 
In the study, it was seen that mostly knee-length 
stockings were used by the patients (64.7%). 
Interventions for the prevention of venous 
thromboembolism should also ensure the comfort of 
patients (29). Studies showed that it was easier for 
patients to adapt to knee-length stockings and that 
they preferred to use knee-length stockings (13, 30, 
31). In addition, it was reported that improper use was 
more common in patients who used thigh-length 
stockings (13). In this study, it was seen that 
regardless of the type of stockings, the patients had 
similar problems in terms of placing the stockings 
properly, wearing them without folds, and the 
problems experienced. 
This study has some limitations. The study was 
performed in a single center, which limits the 
generalizability of the results. In the section where the 
patients' use of GCS was observed by the 
researchers, the form was filled in with two 
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researchers’ consensus as a result of their 
observations. The fact that the researchers made 
observations individually and that inter-observer 
agreement was not examined was considered to be 
another limitation of the study. 
 
CONCLUSION 
In the study, the patients did improper practices such 
as wearing stockings improperly, not paying attention 
to folds, and not using stockings with appropriate 
compression, and they therefore experienced 
problems such as redness, itching and pain while 
using the stockings. These problems were less 
common in patients who received sufficient 
information about the use of GCS. It is recommended 
that nurses working in surgical clinics, as care 
providers, adequately inform their patients about the 
use of GCS. In addition, patients' use of GCS should 
be monitored; problems that may occur through daily 
skin check should be detected early; and preventive 
measures should be taken. It is also recommended 
that a protocol be developed and that this protocol be 
implemented in clinics so that all healthcare 
professionals can act jointly towards the use of GCS. 
 
What did the study add to the literature? 
• It has been revealed that the problems 

experienced in relation to the graduated 
compression stockings, which are widely used, 
still continue.  

• Patients are in need of being informed about the 
use of graduated compression stockings. 

• It has been found that training on the use of 
compression stockings increases their proper 
use and reduces the observed complications. 
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INTRODUCTION 
Sedentary lifestyle has a negative impact on 
parameters related to physical fitness as it negatively 
affects mental, physical, and social well-being (1). 

Sedentary life, which is seen as one of the leading 
causes of premature death and chronic diseases, is a 
phenomenon that affects large masses in terms of 
public health in individuals over middle age (2). 

ABSTRACT 
Purpose: The aim of this study was to examine the effect of physical activity and nutrition awareness training on the 
motor skills and nutrition awareness of individuals related to healthy living in sedentary women aged 50-60 years. 
Material and Methods: The study included 15 healthy sedentary women on voluntary basis; participants were divided 
into 2 groups as experimental (n=8) and control (n=7) groups by random sampling method. Participants in the 
experimental group were given physical activity 2 days a week (60 min/day) for 6 weeks and nutrition education 1 day 
a week (30 min/day). In the training programs applied during the week, strength was applied on the first day and 
aerobic exercise was applied on the second day. Age-appropriate motor skill tests (arm curl test, back scratch test, 
two-minutes step, 8 food up and go test, chair stand test, sit and reach test) and the "Nutrition Knowledge Level Scale 
for Adults" questionnaire were applied as pre-test and post-test. Whether the data obtained at the end of the study 
were normally distributed was determined by Shapiro-Wilks test, Paired Samples T-Test was used for intra-group 
comparisons of physical fitness tests before and after exercise, and Independent Samples T-Test was used for inter-
group comparisons. Wilcoxon Test was used in the pre-test and post-test intra-group comparisons and Man Whitney 
U Test was used in inter-group comparisons of the parameters related to nutritional knowledge levels. 
Results: As a result of the analysis, statistically significant improvements were found in the performance parameters 
of the participants in the experimental group in arm curl, back scratch, 2-min step and 8 food up and go test (p<0.05). 
In addition, the participants in the experimental group statistically significantly improved their 2-min step, 8 food up 
and go, chair sit and reach, chair stand tests and basic nutrition knowledge level scores compared to the participants 
in the control group (p<0.05). 
Conclusion: In conclusion, it was determined that regular physical activity programs and regular nutrition education 
improved the health-related motor skill parameters and nutrition knowledge levels of sedentary women. 
 
Keywords: Exercise, Nutrition, Physical Activity, Women 
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Nutrition and physical activity are seen as the main 
factors to maintain existing health, minimize health-
related risk factors and age healthily (1,3 4,5). In this 
direction, the World Health Organization 
recommends that individuals should do physical 
activity at least 2 days a week regarding sedentary 
life (6). When the parameters of relations with health 
are evaluated, it can be stated that bad eating habits 
and chronic diseases are more common in individuals 
with sedentary behavior (7). Changes in lifestyle, 
which are a result of modern life, are associated with 
sedentary life. In addition to long working hours and 
lack of physical activity, dietary habits seem to be a 
determining factor of sedentary behavior (8). In this 
context, physical activity is of great importance in 
preventing a sedentary life largely due to malnutrition 
and inactivity (9). 
In addition to sedentary lifestyle, malnutrition also lies 
at the basis of health-related chronic diseases. 
Today, the general idea about healthy living is that 
exercise should be supported by regular nutrition 
programs and these programs should be followed in 
a healthy way (10). However, the lack of nutrition 
education and nutritional awareness causes 
unbalanced and inadequate nutrition in individuals 
and the consequences become more apparent (11, 
12). Nutritional awareness refers to people's food 
intake and consumption habits independent of their 
physical and mental states. In parallel with the 
increase in the level of awareness, healthy food 
consumption habits also increase (13). 
Although sedentary life is more common in 
developing countries, it is known that more than half 
of the adults in the world population do not participate 
in regular physical activity (14). It is seen that the 
causes of death due to lack of physical activity 
increase depending on the years. According to the 
data of the World Health Organization, the increase 
in alternatives in urbanization and transportation, 
depending on the economic development, causes the 
increase of physically inactive individuals (15,16). 
When obesity, which is one of the most common 
chronic diseases related to physical activity and 
nutrition in Turkey, is examined according to the 
gender factor, it has been observed that women are 
diagnosed as obese two times more than men (17). 
In addition, regular participation in physical activity is 
more limited in women than in men (15). In addition 
to all these, given that it is essential that physical 
activity practices that improve general health status 
and protect against chronic diseases are sustainable 

and continuous for middle-aged individuals (6) and 
that sports scientists, conditioners and coaches are 
constantly looking for new training methods that will 
improve the health-related parameters of sedentary 
people as well as athlete performance, this type of 
research, especially on female sedentary people, is 
important. 
As in the rest of the world, life expectancy in our 
country has increased in recent years. This situation 
causes a parallel increase in age-related chronic 
diseases. Nutritional habits and physical activity, 
which are also related to sedentary life, are the 
leading prevention methods used in preventable 
chronic diseases, especially obesity and diabetes 
(18). 
On the other hand, although there has been an 
increase in the number of studies focusing on 
women's health and physical activity in the literature 
in recent years (19,20,21,22), along with exercise 
practices for a certain period of time. No study was 
found in which nutrition education was given and the 
results were discussed. The aim of our study, which 
focuses primarily on women's health of sedentary life, 
is to examine the effects of physical activity and 
nutrition awareness training in sedentary women 
aged 50-60 on healthy life-related fitness levels, 
motor skills, nutritional preferences and nutritional 
awareness of individuals. Nutrition awareness 
education and physical activity practices are thought 
to have positive effects on health-related physical 
fitness parameters and nutritional awareness of 
sedentary women. 
 
MATERIALS AND METHODS 
Research Model: In this study, experimental model 
was used in accordance with the objectives. In the 
study, 8 women sedentary were not excluded from 
the training program for any reason, and the planned 
exercise program was performed 2 days a week (60 
min/day) and nutrition awareness training were 
performed 1 day a week (30 min/day) for 6 weeks. 
 
Study Group: The study included 15 volunteer 
women between the ages of 50-60 years who had not 
practiced sports before. The participants were divided 
into two groups as experimental (n=8) and control 
group (n=7) by random sampling method (Table 1). 
Inclusion criteria of permanents; It was determined as 
being in the 50-60 age range, being sedentary, not 
having any obstacles in doing sports, and being a 
woman. 
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Protocol: During the current study, the "Directive on 
Scientific Research and Publication Ethics of Higher 
Education Institutions" was followed. Before the study 
prepared in accordance with this proposal, all 
participants and the study team were informed about 
the research in detail and voluntary consent forms 
were signed by the participants. After obtaining the 

necessary permissions, the age, height, and body 
weight of the participants were determined before 
starting the exercise program. Then, performance 
tests of the participants were taken, and scales were 
applied. Anthropometric tests (height and body 
weight) and the scale (YETBID) were administered on 
day 1, while healthy living-related motor skills tests 

Table 1. Demographic Information of Participants 
 

Demographic Information Experimental Group 
Mean ± ss 

Control Group 
Mean ± ss 

Age (years) 52.75 ± 5.898 58.14 ± 7.448 
Height (cm) 171.25 ± 6.819 163.00 ± 7.528 
Body Weight (kg) 82.38 ± 13.169 68.0 ± 6.733 

 
 
 

Table 2. Exercise and Nutrition Program 
 

Weeks Days Education Number of Sets 
and Repetition Education Content 

Week 1 
Tuesday 

Education Nutrient  Nutrient elements basic education 

Exercise Program 2 sets / 25 sec 10 min warm-up + Step aerobics + 5 min 
cool down 

Thursday Exercise Program 2 sets / 20 sec – 
8-10 repetitions 

10 min warm-up + Resistance exercise + 5 
min cool down 

Week 2 
Tuesday 

Education Nutrient  Proteins, Fats 

Exercise Program 2 sets / 25 sec 10 min warm-up + Step aerobics + 5 min 
cool down 

Thursday Exercise Program 2 sets / 20 sec – 
8-10 repetitions 

10 min Warm-up + Resistance exercise + 5 
min Cool down 

Week 3 
Tuesday 

Education Nutrient  Carbohydrates 

Exercise Program 2 sets / 30 sec 10 min warm-up + Step aerobics + 5 min 
cool down 

Thursday Exercise Program 2 sets / 25 sec – 
10-12 repetitions 

10 min Warm-up + Resistance exercise + 5 
min Cool down 

Week 4 
Tuesday 

Education Nutrient  Vitamins and Minerals 

Exercise Program 2 sets / 25 sec 10 min warm-up + Step aerobics + 5 min 
cool down 

Thursday Exercise Program 2 sets / 25 sec – 
10-12 repetitions 

10 min Warm-up + Resistance exercise + 5 
min Cool down 

Week 5 
Tuesday 

Education Nutrient  Food Groups 

Exercise Program 3 sets / 30 sec 10 min warm-up + Step aerobics + 5 min 
cool down 

Thursday Exercise Program 3 sets / 25 sec – 
10-12 repetitions 

10 min Warm-up + Resistance exercise + 5 
min Cool down 

Week 6 
Tuesday 

Education Nutrient  Healthy snacking suggestions 

Exercise Program 3 sets / 35 sec 10 min warm-up + Step aerobics + 5 min 
cool down 

Thursday Exercise Program 3 sets / 30 sec – 
10-12 repetitions 

10 min Warm-up + Resistance exercise + 5 
min Cool down 
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(arm curl, back scratch, 2-min step, 8-food up and go, 
chair stand and chair sit and reach tests) were taken 
on day 2. Before the performance tests, a 15–20-
minute warm-up protocol was applied to the 
participants. In order to eliminate the learning effect 
on the first day of the study, physical fitness tests 
were explained to the participants and they were 
asked to try them. After the pre-test measurements 
were taken, the exercise program was performed by 
experienced coaches in the gymnasium of the Faculty 
of Sports Sciences in accordance with health and 
safety rules. The exclusion criteria from the study 
were determined to be the presence of a chronic 
disease of the participants. Participants were free to 
leave the study voluntarily at any part of the study. 
The collected data were not used in any way other 
than for scientific purposes and were prepared in a 
way that would not harm personal rights. After the 6-
week training period, the same measurements were 
taken as a post-test in the same protocol. During the 
6-week period, in addition to the exercise program, 
the participants were given training on nutritional 
awareness by a nutritionist 1 day a week (30 
min/day). Participants in the control group were not 
subjected to any application and were asked not to 
perform physical activity during this period. 
 

Exercise Program and Nutrition Education: 
Participants underwent an exercise program for 6 
weeks, 2 days a week for 60 minutes each. An 
exercise program was planned as 10 minutes warm-
up, 45 minutes exercise practice and 5 minutes cool 
down. Participants were subjected to the exercise 
program shown in Table 2 and received nutrition 
education. The intensity of aerobic exercises was 
determined according to the heart rate values 
obtained with the Karvonen formula (Target Heart 
Rate = [(max Heart Rate − resting Heart Rate) 
× %Intensity] + resting Heart Rate example). Aerobic 
exercises were performed at 60% of the heart rate of 
the individuals. Resistance exercises were performed 
with body weight and low weight dumbbells (2 kg, 3 
kg) in accordance with the program designed. In the 
following periods of the program, the program 
process was continued by changing the duration, 
repetition, and number of sets in line with the 
development and the program was terminated after 6 
weeks. Throughout the whole study, attention was 
paid to breathing and exhaling with the correct 
method, technique and breathing and exhaling at the 
correct point of the movement. 
 
Warm-up Protocol Applied Before the Tests: 
Participants performed a 10-minute warm-up protocol  

 
Figure 1. Health-Related Physical Fitness Tests (24). 
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 Table 3. Pre-Test and Post-Test Results of Performance Parameters of the Control Group 
 

Parameters Pre-Test Post-Test t p Mean ± ss Mean ± ss 
Arm Curl Test 

(kg) 20.71 ± 4.348 21.00 ± 4.000 -.795 0.457 

Back Scratch Test 
(cm) -7.43 ± 12.095 -7.00 ± 12.396 -1.441 0.200 

Two Minutes Step Test 
(count) 214.71± 33.270 223.71 ± 42.074 -.925 0.391 

Eight Food Up and Go Test 
(sec) 6.45 ± .712 7.12 ± .808 -1.222 0.267 

Chair Sit and Reach Test 
(sec) 9.43 ± 7.138 8.43 ± 4.237 .494 0.639 

Chair Stand Test 
(count) 17.29 ± 2.138 14.00 ± 2.887 2.633 0.039* 

*Statistical significance value p<0.05 
 
 
Table 4. Pre-Test and Post-Test Results of Nutritional Parameters of the Control Group 
 

Parameters Pre-Test Post-Test Z p Mean ± ss Mean ± ss 
Basic Nutrition Knowledge 

(points) 49.86 ± 9.191 51.43 ± 8.753 -0.422 0.673 

Nutrition and Health 
Relationship 8.14 ± .690 7.86 ± 1.345 -1.000 0.317 

*Statistical significance value p<0.05 
 
 
Table 5. Pre-Test and Post-Test Results of Performance Parameters of the Experimental Group 
 

Parameters Pre-Test Post-Test t p Mean ± ss Mean ± ss 
Arm Curl Test 

(kg) 21.75 ± 8.172 25.75 ± 8.956 -2.733 0.029* 

Back Scratch Test 
(cm) -1.88 ± 14.147 5.50 ± 10.650 -2.693 0.031* 

Two Minutes Step Test 
(count)) 274.13 ± 74.455 316.63 ± 72.394 -2.471 0.043* 

Eight Food Up and Go Test 
(sec) 6.18 ± .780 4.47 ± .507 6.229 0.000* 

Chair Sit and Reach Test 
(sec) 16.13 ± 8.626 19.75 ± 7.906 -1.407 0.202 

Chair Stand Test 
(count) 19.00 ± 3.024 21.25 ± 5.418 -1.741 0.125 

*Statistical significance value p<0.05 
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before all performance tests. Within the scope of the 
protocol, the participants ran for 5 minutes at 40-45% 
pace and performed dynamic warm-up movements 
for the upper and lower extremities. After the run, a 1-
minute rest was given and dynamic warm-up 
movements for the lower extremities were performed 
first. After the warm-up, the participants were given a 
2-minute rest period to make their final preparations 
before the test. 
 
Data Collection Tools 
Height and Body Weight: Participants' height and 
body weight were measured using a Seca 769 
electronic measuring device (Seca Anonim 
Company, Hamburg, Germany) with an accuracy of 
0.1 cm for height and 0.1 kg for body weight. (23). 
 
Arm Curl Test: The participant is seated on the edge 
of a chair slightly to the side of the dominant arm. The 
dumbbell weight was 2.27 kg for women and 3.63 kg 
for men. The participants were asked to complete the 
test by performing full lifts of the weight for 30 s using 
the dominant hand with the arm in full extension 
below and full flexion above (24). At the end of 30 s, 
the total number of lifts was noted (25).  
 
Back Scratch Test: While the participant was in a 
standing position, one arm was made to rotate 
outward, over the shoulder, with the palm facing the 
back and the fingers in extension, the participant was 
asked to reach the lowest point on the back. The other 
arm was rotated internally, and the participant was 
asked to reach the highest point on his/her back with 
his/her fingers in extension and the palm facing 
forward. The participant tried to bring the fingertips as 
close together as possible and the distance between 
the middle fingers of both hands was measured. 
During the measurement, the participant was not 
helped to bring the fingertips closer together. If the 
middle fingers were not touching, the distance was 
recorded as (-) in cm; if the middle fingers were 
touching end to end, the value was zero (0); and if the 
middle finger crossed over the other, the value was 
recorded as (+) in cm for the distance the middle 
finger crossed (24). 
 
Two Minutes Step Test: In order to apply the test, 
while the participant was standing in an upright 
position, the distance from the front projection of the 
hip bone (iliac crest) to the midpoint of the kneecap 
(patella) was measured and the midpoint of the 

distance between these two bones was determined. 
The height of this point from the ground was 
measured and the step height of the subject was 
determined. In order to determine whether the step 
height reached the target height, a tape was drawn at 
the determined height, or the target height was 
marked on the wall, and it was checked whether the 
subject's step height (knee height) reached the target 
height. The participant was made to step in place for 
two minutes with both knees reaching the target 
height. The participant started the test with the right 
foot and was asked to lift both knees to the specified 
height. During the test, the participant was asked not 
to run but to perform the test as fast as he/she could, 
and at the end of two minutes, the total number of 
right steps performed correctly was recorded. If any 
of the participant's steps (right or left) failed to reach 
the desired height, these steps were considered 
invalid. The total number of right knees that reached 
the target height at the end of two minutes was 
recorded on the measurement sheet (24). 
 
Eight Food Up and Go Test: The participant was 
seated in the center of the chair and his/her back was 
leaned back. The participant should have both hands 
on the knees and feet fully on the floor. In this 
position, with the start command, the participant was 
asked to turn around the funnel located 2.44 cm away 
and reach the chair again as soon as possible and sit 
down. The time started with the get up command was 
stopped when the participant sat on the chair again 
and the time was recorded in seconds (24). 
 
Chair Sit and Reach Test: This test, which is a 
modified version of the sit-lie test, is used especially 
to determine the flexibility of the hamstring muscle 
group. The participant is seated on a chair with a 
height of 43.18 cm, which is placed against a wall or 
a solid floor, so that the junction of the thigh and hip 
bone is in front of the chair. At the participant's 
discretion (right left), one foot was extended forward 
in full extension with the heel of the foot on the floor 
and the ankle at approximately 90°. The other foot 
was placed towards the end of the chair with the knee 
flexed at approximately 90° and the sole of the foot 
on the floor. The participant's hands were placed on 
top of each other, and the middle fingers were 
aligned. The participant was instructed to reach 
towards the toe of the foot by extending the body 
forward with both hands without bending the knee, 
which was extended forward (extension), without 
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pushing the pain limit. If the fingertips of the 
participant's hand did not touch the toe, a value in 
centimeters (-) was taken as the distance between  
them; if the fingertips of the middle hand touched the 
toe, a value of zero (0) was taken; if the fingertip of 
the middle hand crossed the toe, a value in cm (+) 
was taken as the distance the middle fingertip 
crossed and recorded on the measurement sheet 
(24). 

Chair Stand Test: The participant was made to sit in 
the center of a 43.18 cm highchair with his/her back 
straight, feet on the floor and arms crossed in front of 
the chest (right hand on the left shoulder, left hand on 
the right shoulder). In this position, the participant 
started the test with the start command and 
performed as many full take-offs as he/she could for 
30 s. The number of full take-offs performed during 
30 s was recorded as the participant's score (24) 

Table 6. Pre-Test and Post-Test Results of Nutrition Parameters of the Experimental Group 
 

Parameters Pre-Test Post-Test Z p Mean ± ss Mean ± ss 
Basic Nutrition Knowledge 

(points) 54.38 ± 6.479 57.88 ± 3.643 -1.524 0.128 

Nutrition and Health Relationship 7.00 ± 3.024 8.38 ± 1.061 -1.604 0.109 

*Statistical significance value p<0.05 
 
 
Table 7. Pre-test Comparison of Experimental and Control Group Performance Parameters 
 

Parameters Experimental Group Control Group t p 
Mean ± ss Mean ± ss 

Arm Curl Test 
(kg) 21.75 ± 8.172 20.71 ± 4.348 .299 0.769 

Back Scratch Test 
(cm) -1.88 ± 14.147 -7.43 ± 12.095 .811 0.432 

Two Minutes Step Test 
(count) 274.13 ± 74.455 214.71± 33.270 1.941 0.074 

Eight Food Up and Go Test 
(sec) 6.18 ± .780 6.45 ± .712 -.710 0.490 

Chair Sit and Reach Test 
(sec) 16.13 ± 8.626 9.43 ± 7.138 1.623 0.129 

Chair Stand Test 
(count) 19.00 ± 3.024 17.29 ± 2.138 1.249 0.234 

*Statistical significance value p<0.05 
 
 
Table 8. Pre-test Comparison of Nutrition Parameters in Experimental and Control Groups 
 

Parameters Experimental Group Control Group Z p 
Mean ± ss Mean ± ss 

Basic Nutrition Knowledge 
(points) 54.38 ± 6.479 49.86 ± 9.191 -1.394 0.163 

Nutrition and Health 
Relationship 7.00 ± 3.024 8.14 ± .690 -.909 0.364 

*Statistical significance value p<0.05 
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Level of Nutrition Knowledge Scale for Adults - 
Basic Nutrition Section: It was developed by 
Batmaz (26) and a validity and reliability study were 
conducted. The scores obtained from the evaluation 
criteria of the nutrition knowledge level scale for 
adults are evaluated as poor, moderate, good, and 
very good. There are a total of 20 propositions in the 
"basic nutrition" section of the scale and the highest 
score that can be obtained from this section is 80. 
Those with a score less than 45 are considered to 
have poor knowledge, those with a score between 45 
and 55 are considered to have fair knowledge, those 
with a score between 56 and 65 are considered to 
have good knowledge, and those with a score above 
65 are considered to have very good knowledge. The 
reliability coefficient for the "Basic Nutrition" section of 
the YETBID was found to be 0.72. 
 
Data Analysis: The data were analyzed in IBM SPSS 
26.0 package program. After evaluating whether the 
obtained data showed normal distribution by looking 
at the kurtosis skewness values, Independent 
Samples T Test was applied at α=0.05 significance 
level to determine the difference between groups in 
performance tests, and Paired Samples T Test was 
applied in intra-group comparisons. In the parameters 
related to nutritional awareness, non-parametric tests 
were applied due to the small sample size; Man-
Whitney U Test was used for inter-group comparisons 
and Wilcoxon Test was used for intragroup 
comparisons. 
 
RESULTS 
In Table 3, within-group analysis values of the 
performance parameters of the control group were 
compared. In the table, it was determined that there 
was a statistically significant difference between the 
participants' chair stand test (p=0.039) data due to 
pre-test measurements. 
In Table 4, the intra-group analysis values of the 
nutritional parameters of the control group were 
compared. In the table, no statistical difference was 
found between the pre and post test values of the 
participants (p>0.05). 
In Table 5, the intra-group analysis values of the 
performance parameters of the experimental group 
were compared. In the table, it was determined that 
there was a statistically significant difference between 
the participants' arm curl (p=0.029), back scratch 
(p=0.031), 2-minute step (p=0.043) and 8 food up and 
go test (p=0.0) data. Although there was no 

statistically significant difference between the chair sit 
and reach and chair stand test data, it was revealed 
that the post-test measurements were numerically 
higher (p>0.05). 
In Table 6, the intra-group analysis values of the 
nutritional parameters of the experimental group were 
compared. Although no statistical difference was 
found between the pre and post test values of the 
participants (p>0.05), it was determined that there 
was a numerically improvement in the post test 
measurements. 
Table 7 compared the pre-test performance 
parameters of the control and experimental groups. 
The table does not reveal any statistical difference 
between the pre-test values of the groups (p>0.05). 
In Table 8, the pre-test nutritional parameters of the 
control and experimental groups were compared. The 
table does not reveal any statistical difference 
between the pre-test values of the groups (p>0.05). 
In Table 9, the post-test values of the performance 
parameters of the control and experimental groups 
were compared. In the table, it was determined that 
there was a statistically significant difference in favor 
of the experimental group between the groups' 2-
minute step (p=0.011), 8 food up and go (p=0.005), 
chair sit and reach (p=0.005) and chair stand tests 
(p=0.008). Although there was no statistically 
significant difference between the arm curl and back 
scratch test data, it was revealed that the numerically 
post-test measurements were higher in favor of the 
experimental group (p>0.05). 
In Table 10, the post-test values of the nutritional 
parameters of the control and experimental groups 
were compared. In the table, it was determined that 
there was a statistically significant difference between  
the basic nutrition knowledge scores (p=0.036) of the 
groups in favor of the experimental group . 
 
DISCUSSION  
The aim of our study is to investigate the effects of 
physical activity and nutrition awareness training on 
health-related physical fitness parameters and 
nutrition awareness in female individuals aged 50-60 
years. In our study, it was observed that 6-week 
physical activity practices created a significant 
difference in the performance values of arm curl, back 
scratching, 2-min step and 8 food up and go tests on 
sedentary women in health-related motor skills tests 
(p<0.05). It was revealed that sedentary women in the 
experimental group performed better in the 2-min 
step, 8 food up and go, chair stand and chair sit and 
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reach tests compared to the women in the control 
group and this difference between them was 
statistically significant (p<0.05). It was also found that 
nutrition awareness training caused significant 
improvements in the basic nutrition knowledge level 
scores of sedentary women (p<0.05). 
Although this study analyzed the effect of physical 
activity and nutrition education intervention on 
physical fitness and nutrition awareness of sedentary 
women in relation to health and life, it has some 
limitations. Under normal conditions, the number of 
experimental groups receiving exercise and nutrition 
education under exercise increases every four 
months: Exercise group, nutrition education training 
group, participation in nutrition support training and 
exercise application group, and only exercise and 
nutrition support training group, which is expected to 
be a control group, and a nutrition awareness and 
exercise application group. There are two groups. 
The presence of 2 groups in the study is considered 

a limitation. The main reason for this limitation is that 
sufficient samples could not be reached in the 
specified age group. On the other hand, the necessity 
of practices encouraging participation is seen 
especially when the age group is taken into 
consideration. Based on this information, it can be 
suggested that researchers who want to study on this 
and similar subjects should study on the four different 
groups mentioned above in order to see the 
educational effects more healthy. 
When the literature was examined, studies with 
similar results to the results of our study were found. 
In one study, a significant difference was found in the 
anthropometric measurements of menopausal 
women as their nutritional knowledge score and thus 
nutritional awareness increased. In other findings of 
the study, parameters such as lean body mass and 
body fat ratio of individuals who did and did not 
engage in physical activity were also evaluated and it 
was found that physical activity had a positive effect 

Table 9. Post-test Comparison of Experimental and Control Group Performance Parameters 
 

Parameters Experimental Group Control 
Group t p 

Mean ± ss Mean ± ss 
Arm Curl Test 

(kg) 25.75 ± 8.956 21.00 ± 4.000 1.354 0.206 

Back Scratch Test 
(cm) 5.50 ± 10.650 -7.00 ± 12.396 2.102 0.560 

Two Minutes Step Test 
(count)) 316.63 ± 72.394 223.71 ± 42.074 2.944 0.011* 

Eight Food Up and Go Test 
(sec) 4.47 ± .507 7.12 ± .808 -7.736 0.000* 

Chair Sit and Reach Test 
(sec) 19.75 ± 7.906 8.43 ± 4.237 3.378 0.005* 

Chair Stand Test 
(count) 21.25 ± 5.418 14.00 ± 2.887 3.160 0.008* 

 *Statistical significance value p<0.05 
 
 
Table 10. Post-test Comparison of Nutrition Parameters in the Experimental and Control Groups 
 

Parameters Experimental Group Control Group Z p Mean ± ss Mean ± ss 
Basic Nutrition Knowledge 

(points) 57.88 ± 3.643 51.43 ± 8.753 -2.094 0.036* 

Nutrition and Health Relationship 8.38 ± 1.061 7.86 ± 1.345 -.610 0.542 

      *Statistical significance value p<0.05 
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on the values (27). Kurt (28) applied step-aerobic 
exercise for eight weeks in their study on middle-aged 
sedentary women and examined the changes in 
physical fitness parameters of individuals. As a result 
of the study, a significant increase was observed in 
the strength, flexibility, endurance-related values of 
the individuals if continued regularly, while a 
decrease was observed in body fat percentages, 
resting and post-exercise pulse rates in relation to 
health. Vergili (29) examined the effects of Pilates 
and calisthenic exercise on the health-related quality 
of life of 153 women aged 25-55 years with sedentary 
behavior. The 15-D health-related quality of life 
questionnaire, whose sub-dimensions consisted of 
health-related parameters, was administered to the 
experimental group before and after the 12-week 
intervention. A significant increase in the health-
related parameters of quality of life was found in the 
experimental group included in the exercise, while the 
values in the control group did not change. 
In a study investigating the effects of aerobic exercise 
on body composition and blood values in young and 
middle-aged women, 30 minutes of running-walking 
exercise was practiced for 3 days for 12 weeks. 
Parameters related to physical fitness showed 
positive changes in both age groups. Especially in 
parallel with our study, an increase in HDL values and 
a parallel decrease in triglyceride values were 
observed in individuals evaluated in the middle age 
category, although not statistically significant (30). 
Akgül (31), it was seen that high-intensity interval 
training (HIIT) applied to sedentary women for 2 
weeks, 3 days a week and 6 sessions in total, had a 
positive effect on the aerobic performance 
parameters of individuals. 
It was observed that bosu exercises applied for 3 
months in sedentary women had positive effects on 
the participants' hand grip strength, flexibility and 
circumference measurements (32). 
A significant decrease in body mass index, body 
weight and fat mass amounts was observed in 
sedentary female individuals after exercise regularly 
applied for 3 days and 60 minutes for 12 weeks (33). 
In a study investigating the effect of exercise applied 
3 days a week for eight weeks on body composition 
in middle-aged sedentary women, significant 
changes were noted in the lean body weight and body 
mass index of individuals compared to pre-exercise 
(34). 
In a study examining the relationship between the 
nutritional program determined in addition to 12-week 

resistance exercise and balance, three groups were 
formed as exercise and nutrition, nutrition and control, 
and a more significant improvement was observed in 
the balance parameter in the experimental group in 
which nutrition and exercise were combined than in 
the other groups (10). In the study findings, it was 
determined that the improvement in blood pressure 
and cardiovascular system in relation to health in 
individuals participating in resistance and aerobic 
exercise significantly changed in individuals 
diagnosed with hypertension (35). 
Based on the increase in sedentary lifestyle with the 
pandemic, the effect of zumba exercise applied online 
for 8 weeks on total fat percentages, body image and 
eating attitudes of individuals was examined. The 
findings of the study showed a significant decrease in 
the waist-hip measurements, body mass index and 
body fat percentages of the individuals who 
participated in the exercise. Significant reductions 
were found not only in physical fitness and 
anthropometrics, but also in hunger sensitivity and 
emotional eating parameters of individuals in the 
experimental group (36). In another study on the 
dietary habits and physical activity levels of women in 
relation to the pandemic, it was observed that age 
had no effect on nutrition and physical activity levels. 
However, the variables of income, employment status 
and number of people in the household were found to 
be related to nutrition and participation in physical 
activity. In addition to the findings, it was observed 
that individuals consumed the food they enjoyed 
eating and had low physical activity levels during the 
pandemic period without calorie control (37). 
In a study examining the nutritional knowledge and 
habits of obese women, low physical activity level 
was found to be among the factors in the formation of 
obesity together with factors such as dietary habits, 
meal frequency and number of births (38). In a study 
in which the effect of nutrition and physical activity 
level was investigated in a sample group over 65 
years of age whose demographic structure was 
similar to our study, it was reported that the regular 
activity preference was generally walking and the 
increase in socio-economic level caused a decrease 
in the rate of physical activity (39). In a study 
conducted on women for 12 weeks, it was observed 
that the inclusion of physical activity in the diet 
program positively affected the weight loss and 
energy expenditure levels of individuals. In addition, 
in parallel with our study, a decrease in dietary habits, 
sugar and fat consumption and an increase in fruit, 
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milk and vegetable consumption occurred during the 
combination of nutrition and physical activity (40). 
In the literature, it is seen that female individuals who 
participate in regular physical activity have higher 
scores than obese female individuals in nutrition 
awareness levels, cumulative physical activity scores, 
health responsibility, spiritual development, 
interpersonal communication and stress 
management, which are among the cognitive 
outcomes. This shows that healthy eating and 
participation in regular physical activity are 
associated with a healthy lifestyle in women (41,42). 
 
CONCLUSION 
In conclusion, physical activity and nutrition 
awareness training had a positive effect on nutrition 
awareness and motor skills related to physical fitness 
such as flexibility, endurance, and strength in 
sedentary female individuals aged 50 years and 
older. In the study, it was aimed to slow down the loss 
of flexibility and all motor skills in later ages. In 
addition to the findings, it is thought that the risk of 
falling, which is related to losses related to physical 
fitness, which is frequently seen in women aged 50 
years and over, and which occurs with the decrease 
in bone density in the menopausal period, will also 
decrease. In addition to health-related physical 
fitness parameters, the positive effect of strength and 
endurance-based combination exercise models on 
bone and joint health should also be taken into 
consideration. In this context, considering both 
physiological, anatomical and motor outcomes, it is 
thought that the benefits of regular exercise will show 
its effect in many dimensions. It is thought that 
increasing the number of sample and control groups 
in future studies will positively affect the results of the 
study. 
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INTRODUCTION 
Health literacy (HL) is defined that individuals’ 
sufficient motivation levels, social and cognitive skills 
to access, understand and use the information to 
improve and protect their health by the World Health 
Organization (WHO) (1). E-health literacy is “the 
capacity to access, understand, evaluate and 
implement information obtained from electronic 

sources to solve a health problem” and is evaluated 
under the scope of health literacy (2). 
Thanks to the advancement of technology and its 
easy accessibility by all segments of society, the 
diversity of information sources is also increasing (3). 
There are many of uncontrollable data on the internet 
about health and considering the effect of the 
acquired data on human health, the importance of 

ABSTRACT 
Purpose: This study aimed to compare the health literacy, e-health literacy, digital health, and physical 
activity levels of undergraduate students in different departments. 
Material and Methods: Undergraduate students 307 of whom were studying in the Physiotherapy 
department (PT), and 228 in the Faculty of Economics and Administrative Sciences (FEAS) participated 
in the study. Health literacy (HL) (European Health Literacy Scale), e-health literacy (E-Health Literacy 
Scale), digital literacy (Digital Literacy Scale), and physical activity level (International Physical Activity 
Questionnaire-Short Form (IPAQ-SF)) were assessed. Scales were applied to the participants 
electronically via Google Forms. 
Results: There was no difference between the e-HL, digital, and HL levels of both department 
students(p>0.05). 70.1% of all students did not have enough HL. PT department students' IPAQ-SF total 
score, severe physical activity, and walking activities were lower than FEAS students(p<0.05). There was 
no difference between the moderate levels of physical activity and daily sitting times of the students of 
both departments(p>0.05). 79.6% of all students did not have sufficient physical activity levels (PALs). 
Conclusion: This study showed that HL and PALs were low in the majority of university students. HL 
education programs for university students before graduation and awareness studies to develop healthy 
behavior habits should be included in undergraduate education programs. 
 
Keywords: Digital health, eHealth, health literacy, physical activity 
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digital literacy competence emerges (4). Within this 
framework of this competence, the individual is 
expected to have the skills to reach, produce and 
share accurate information by using technology 
appropriately (5). 
Recently, digital health focuses on health literacy, 
lifestyle changes, preventive and individualized care 
approaches of many e-health applications (6). While 
digital health initiatives authorize individuals to 
monitor, manage and develop their quality of life and 
health, it is also considered that they will provide more 
individuality, higher efficiency, and usability in health 
service delivery at a lower cost  (5), (6). Thus, it 
enables the active participation of the individual in 
terms of self-management in health (5). 
With the widespread usage of the internet and 
technological improvements, it is thought that the 
continuation of some daily activities (use of virtual 
market, food orders, payments, social relations, etc.) 
in digital environments triggers an inactive attitude 
development (7). 
Although physical inactivity is not contagious, it has 
been described as a pandemic because it affects the 
whole World. Among the causes of morbidity and 
mortality figures that the physical inactivity pandemic 
is one of the top important risk factors, and it also 
causes a great economic burden around the World 
(8). 
It has been stated that if physical activity does orderly 
it can help to treat and prevent noncommunicable 
diseases. Besides, this is also an important step in 
preventive health services (9). WHO aims to 
decrease physical inactivity by 10%  by 2025 and 
15% by 2030 (8). 
Health professionals' health literacy level is critical in 
effective communication with the patient and also 
contributes to the patient’s health literacy (10). 
International studies indicated that there are major 
gaps in knowledge, awareness, and clinical 
identification among health professionals because of 
low health literacy levels (11). 
In this context, there were limited studies on the 
health literacy of university students studying in 
different fields in our country (12), (13), and there is 
no research on university students who studied 
physiotherapy and social sciences evaluating the 
relationship between physical activity and health 
literacy in the electronic environment during the 
Covid-19 pandemic period. Therefore, the aim study 
was to compare university students studying in health 

and non-health departments of digital health, e-health 
literacy, and physical activity levels. 
 
MATERIAL AND METHODS 
Participants 
The study's population consists of undergraduate 
students from two universities, the School of Physical 
Therapy and Rehabilitation at Dokuz Eylul University 
and the Department of Physiotherapy and the Faculty 
of Health Sciences and the Faculty of Economics and 
Administrative Sciences at Izmir Kâtip Celebi 
University. 
Inclusion criteria were to be 18-25, volunteering to 
participate in research, and being literate in Turkish. 
Exclusion criteria were determined for individuals with 
the presence of vision-hearing problems and the 
presence of diagnosed chronic disease in the study. 
According to a similar study comparing e-health 
literacy levels measured by the e-health literacy scale 
of university students with and without previous 
education in the field of health (14). the effect size 
was found as 0.58. The probability of type I error and 
the statistical power was deemed as 0.05 and 0.95, 
respectively.   The minimum sample size of our study 
was estimated as at least 154 participants, 77 per 
group using G*Power Software (ver.3.1.9.2).  
 
Design of the Study 
The study was accepted by Dokuz Eylul University 
University Non-Interventional Clinical Research 
Ethics Committee (Decision Date: 05.10.2020, 
Number: 2020/24-17). The research is a cross-
sectional study. The study collected descriptive data 
from students using a questionnaire based on 
relevant literature (15), (16). Participants were asked 
to provide their consent and complete validated 
scales to assess various parameters, all of which 
were administered electronically through Google 
Forms. The relevant links were shared with students 
through pre-existing WhatsApp groups for their 
respective classes. 
 
Instruments 
European Health Literacy Survey Questionnaire 
(HLS-EU-Q47), which has a Turkish version and 
whose validity-reliability study was performed by 
Abacıgil et al.(α: 0.95). It was prepared using a Likert 
scale and the scale includes a total of 47 items. The 
total score is in the range of 0-50 (16), (17).  
E-Health Literacy Scale (eHEALS), involves 2 
sections. A 5-point Likert-type rating was used.  
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Between the 8 and 40 points are taken from the scale. 
A high score corresponds to a high level of health 
literacy (18). There is Turkish validity and reliability of 
this scale(α: 0.78) (19). Digital Literacy Scale (DLS), 
consists of four dimensions and 17 items, and seven 

sub-dimensions.  It is a 5 points Likert-type rating type 
scale  (20) Turkish validity and reliability study for this 
scale was carried out(α: 0.90) (21). 
International Physical Activity Questionnaire Short 
Form (IPAQ-SF), consists of 4 separate parts and 7 

Table 1. Descriptive characteristics of university students by department (n=535) 
 

 PT 
(n=307) 

FEAS 
(n=228) Statistical Value 

Descriptive 
Characteristics  n % n % χ2 p 

Gender Female 
Male 

259 
48 

84.4 
15.6 

142 
86 

62.3 
37.7 33.989 0.01* 

Age Median(IQR): 20.00 (19.00-21.00) 
(min.=18;max=25) 

Median(IQR): 20.00 (19.00-
22.00) 
(min.=18;max=25) 

0.010* 
z= -2.579  

BMI (kg/m2) Median(IQR): 21.10 (19.28-23.45) 
(min.=10.13;max=44.28) 

Median(IQR): 21.72 (19.48-
24.60) 
(min.=16.13;max=44.58) 
 

0.010* 
z= -1.601  

Grade 

1st Class 
2nd Class 
3rd grade 
4th grade 

109 
71 
61 
66 

35.523.1 
19.9 
21.5 

93 
57 
37 
41 

40.8 
25.0 
16.2 
18.0 

2.915 0.40 

Exercise Habit Yes 
No 

144 
163 

46.9 
53.1 

134 
94 

58.8 
41.2 7.381 0.007* 

Breakfast Habit Yes 
No 

272 
35 

88.6 
11.4 

190 
38 

83.3 
16.7 3.079 0.079 

Daily Sleep Time 
Less than 6 Hours 
7-8 Hours 
Over 9 Hours 

25 
258 
24 

8.1 
84.0 
7.8 

29 
170 
29 

12.7 
74.6 
12.7 

 
7.356 
 

 
0.025* 

Cigarette 
Yes 
No 
Give up 

126 
170 
11 

41.0 
55.4 
3.6 

130 
87 
11 

57.0 
38.2 
4.8 

 
15.541 

 
<0.001* 

Alcohol Yes 
No 

131 
171 

42.7 
57.3 

124 
104 

54.4 
45.6 7.198 0.007* 

Access to Health Information 
Resource 

Newspaper/ Magazine 
Radio/Television 
Book/ Brochure 
Health Worker (Doctor 
etc.) 
Social media 
Scientific Publication/ 
Article 

1 
7 
11 
34 
76 
178 

3 
2.3 
3.6 
11.1 
24.8 
58 

0 
10 
1 
42 
23 
152 

0 
4.4 
4 
18.4 
10.1 
66.7 

 
30.118 

 
0.01* 

First Institution to Apply for a 
Health Problem 

Community Health 
Center 
Public Hospital 
University Hospital 
Private Hospital 
Private Practice 

113 
152 
21 
18 
3 

36.8 
49.5 
6.8 
5.9 
1.0 

64 
125 
12 
26 
1.0 

28.1 
54.8 
5.3 
11.4 
4.0 

 
9.651 

 
0.04* 

χ2: Chi-Square value. z: Mann-Whitney U test. p<0.05* PT: Department of Physiotherapy and Rehabilitation; FEAS: Faculty of Economics and 
Administrative Sciences. BMI: Body Mass Index 
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questions developed for adults. The questions ask 
about the different activities done in the last week and 
the time spent in these activities. The time spent 
sitting daily is questioned in the last question (22). 
Turkish validity and reliability study was carried out by 
Saglam et al. (α: 0.69) (9).  
 
Statistical analysis 
Analyzes were made with the help of IBM SPSS 23.0. 
Kolmogorov Smirnov test and histograms were used 
to check the normality of distribution. As a result of 
the Kolmogorov-Smirnov test and histograms, it was 
determined that the data were not normally 
distributed (p<0.05). Categorical variables were 
expressed as numbers (n) and percentages (%) and 
were analyzed using the chi-squared test. Continuous 

variables were reported as median and interquartile 
range (IQR) because of their non-normal 
distributions. Differences between groups were 
specified by Mann–Whitney U test according to 
variable distributions. Spearman correlation analysis 
was used to evaluate the relationship between the 
scales. The effect size was calculated as follows: 
z/√N (23). In all analyses, p<0.05 was considered 
statistically significant. 
 
RESULTS 
A total of 535 volunteers, including undergraduate 
students, studying at the School of Physical Therapy 
and Rehabilitation at Dokuz Eylul University and the 
Department of Physiotherapy and the Faculty of 
Health Sciences, and the Faculty of Economics and 

 
Table 2. Comparison of internet-media time, e-Health, digital health and health literacy of students 
studying in different fields 

 
 

PT 
(n=307) 

FEAS 
(n=228) Statistical Value 

Findings Median(IQR)  
 

Min Max Median(IQR)  
 

Min Max z p effect 
size 

Internet Time 
(min.) 

240.00  
(180.00-
360.00)  

20 1200 
200.00  
(120.00-
300.00)  

0 1440 -
3.862  0.000* -0.170 

Social Media 
Time (min.) 

120.00  
(60.00-180.00)  0 1440 120.00  

(60.00-180.00)  0 780 -
1.999  0.04*  -0.086 

eHeals 29.00  
(26.00-31.00)  8 40 29.00  

(24.00-32.00)  8 40 -
0.412  0.68  -0.018 

DLS 63.00  
(56.00-68.00)  17 85 64.00  

(55.25-71.00)  17 85 -
1.242  0.21  -0.054 

HL 30.46  
(24.79-34.05)  0 50 31.45  

(25.49-35.41)  0 50 
-
1.054  
 

0.29  -0.045 

 PT 
(n=307) 

FEAS 
(n=228) Statistical Value 

HL 
Categorized 
Classification 

n % n % 
 
χ2 
 

    p 

Inadequate HL 
(0-25) 85 27.7 57 25 

 
1.682 
 

0.64 

Problematic HL 
(> 25-33) 133 43.3 100 43.9 

Sufficient HL 
(>33-42) 61 19.9 43 18.9 

Excellent HL 
(>42-50) 28 9.1 28 12.3 

Mann-Whitney U test.*p<0.05.  
PT: Department of Physiotherapy and Rehabilitation; FEAS: Faculty of Economics and Administrative Sciences 
Min.: Minute 
eHeals: E-Health Literacy Scale; DLS: Digital Literacy Scale; HL:Health Literacy 
 
 383 



J Basic Clin Health Sci 2024; 8: 380-389  Acar AK et al. Digital Health Literacy of College Students 

  

Administrative Sciences at Izmir Kâtip Celebi 
University.  
The descriptive characteristics of the students are 
given in Table 1. The median age of PT students was 
20.00(19.00-21.00) years, and the median age of 
FEAS students was 20.00(19.00- 22.00) years. There 
was a significant difference in the mean age between 
the two groups (p<0.05, Table 1). A significant 
difference was found between the two groups in 
terms of gender, and BMI (kg/m2) (p<0.05, Table 1). 
When the health-related lifestyle behaviors of the 
students were evaluated, a significant difference was 
found between the students of both departments 
(p<0.05, Table 1). 
The findings of students’ internet media times, e-
health, DLS scores, and health literacy characteristics 
are given in Table 2. A significant difference was 
found between the internet time, and the social media 
time of PT and FEAS students (p<0.05, Table 2). 
There was no significant difference between the e-
health, and DLS scores of the students in both groups 
(p>0.05, Table 2). There was no significant difference 
between the groups' HLS-EU-Q47 scores (p>0.05, 
Table 2). 70.1% of all students did not have enough 
HL. 
A statistically significant difference was found 
between the students of both departments in terms of 
walking, vigorous physical activity, and total physical 
activity values (p<0.05, Table 3). There was no 
significant difference between IPAQ-SF moderate-
intensity physical activity and sitting times of PT and 
FEAS students (p>0.05, Table 3). A significant 
difference was found between the low, moderate, and 
high physical activity levels of the students from both 
departments (p<0.05, Table 3). The activity level of 
the students of the FEAS department was statistically 
significantly higher (p<0.05). 79.6% of all students did 
not have sufficient physical activity levels (PALs).  
The evaluation of the correlations between the scales 
in all students is given in Table 4. There was a 
positive correlation between the e-HEALS with the 
HLS-EU-Q47 (rho=0.351, p<0.001) and DLS 
(rho=0.476, p<0.001). A significant correlation was 
found between the HLS-EU-Q47 and DLS 
(rho=0.288, p<0.001). There was a positive 
correlation between IPAQ-SF with the HLS-EU-Q47 
(rho=0.104, p=0.016) and DLS (rho=0.111, p=0.010). 
No correlation was found between the IPAQ-SF and 
e-HEALS. 
 
 

DISCUSSION 
This study found that university students studying in 
health and social fields had lower levels of e-health 
literacy and physical activity compared to the normal 
population. However, the physical activity levels of 
Physical Therapy (PT) students were higher than 
those of students in non-health fields.  
PT students also had lower BMI compared to other 
health fields and non-health fields. Similarly, the 
mean BMI of the students from the health-related 
department was found to be lower among university 
students studying in Italy than those from the non-
health department (15). In addition, the participation 
of FEAS students more than male students may 
explain the high BMI values. In terms of smoking and 
alcohol habits, students of the Faculty of Education 
and Applied Sciences (FEAS) department reported 
higher rates of use than PT students. However, 
according to another study in the literature, health 
science students expressed more smoking habits 
than social science students (24). According to the 
results of studies run with university students in 
different countries, the rate of physical activity for 
more than 4 hours a week is stated as 33% in the 
USA, 69.6% in Spain, and 55% in Turkey (25). In this 
study, 52% of the students had regular exercise 
habits and FEAS department students reported 
higher exercise habits than PT department students. 
The choice of healthy lifestyle behaviors may vary 
depending on the individual’s sociocultural support 
and characteristics, and available resources (26). 
Health-related behaviors that continue in adulthood 
become more permanent when acquired during 
university years (27). 
According to a study conducted in Turkey in 2017, the 
average daily internet time was found to be 2-3 hours 
(28). With the development of technology and the 
formation of pandemic conditions, the time people 
spend on the internet and social media has 
increased. During the pandemic period, the average 
time allocated by university students on social media 
and the internet is stated as 4-6 hours (29). In our 
study, the internet use of university students was 
found to be over 4 hours per day. 
The digital literacy levels of university students 
studying in 10 different departments in South Korea 
in 2019 were compared, and it was stated that there 
was no significant difference (30). In our study, it was  
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specified that the DLS scores of the students studying 
outside the field of health and health were similar due 
to their close age in terms of both department and  
class levels and due to the electronic systems they 
met at an early age. 

We determined that the average e-health literacy 
scores of university students, which we evaluated 
with E-HEALS, were found to be 27.78. In a study 
sample conducted in our country, no difference was 
observed between the e-health literacy levels 

Table 3. Categorized classification of IPAQ-SF and IPAQ-SF scores of students studying in different 
fields 

 

 PT  (n=307) FEAS 
(n=228) 

Statistical 
Value 

IPAQ- SF Scores Median (IQR)  
 
 

Min Max Median (IQR)  
 

Min Max z p Effect 
size 

IPAQ-Vigorous activity 
(MET a week) 

0.00  
(0.00-480.00)  0 6720 240.00  

(0.00-1440.00)  0 8640 -
4.232 <0.001 -0.183 

IPAQ Moderate activity 
(MET min. a week) 

160.00  
(0.00-480.00)  0 4200 200.00  

(0.00-690.00)  0 4200 -
1.279 0.20 -0.055 

IPAQ Walking 
(MET min a week) 

495.00  
(198.00-800.00)  0 4158 693.00  

(297.00-1386.00)  0 4158 -
3.817 

<0.001
* -0.165 

IPAQ Total 
(MET min. a week 

980.00  
(495.00-1884.00)  0 9439 1784.50 

(658.75-4142.25)   0 11250 -
4.749 

<0.001
* -0.205 

Sitting time (min.) 450.00  
(300.00-600.00)  40 900 450.00  

(240.00-600.00)  30 900 -
1.183 0.23 -0.051 

 PT (n=307)  FEAS (n=228) Statistical Value 
IPAQ-SF Categorized 
Classification n % n % χ2 p 

Low PA  
(<600 MET-minutes per week) 98 31.9 55 24.1 

35.758 <0.001* 
Moderate PA  
(600-3000 MET-minutes per 
week) 

174 56.7 99 43.4 

High PA  
(>3000 MET-minutes per week) 35 11.4 74 32.5 

χ2: Chi-Square value. Mann-Whitney U test.*p<0.05. PT: Department of Physiotherapy and Rehabilitation; FEAS: Faculty of Economics and 
Administrative Sciences. PA: Physical Activity. IPAQ-SF: International Physical Activity Questionnaire Short Form 

 
 
Table 4. Correlations between the scales of students studying in different fields 

Scales  E-Heals HLS-EU-Q-47 DLS IPAQ-SF 

E-Heals 
rho - 0.351* 0.476* 0.040 
p - <0.001 <0.001 0.352 

HLS-EU-Q-47 
rho  - 0.288* 0.104* 
p  - <0.001 0.016 

DLS 
rho   - 0.111* 
p   - 0.010 

E-Heals: E-Health Literacy Scale, HLS-EUQ47: European Health Literacy Scale. DLS: Digital Literacy Scale, IPAQ-SF: International Physical 
Activity Questionnaire Short Form. rho: Spearman correlation coefficient. *p<0.05 
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evaluated by E-HEALS among students studying in 
health and non-health fields. And the mean E-HEALS 
score of all students was expressed as 25.5 (12). In 
our study, there was no significant difference between 
the PT department students in the health field and the 
non-health FEAS department students, in line with 
this study. Unlike our study, there are studies in the 
literature that state that students studying in the field 
of health have higher e-health literacy. As an 
example, it was stated that the average E-HEALS 
score in Japan and the mean score of the 12-item e-
health literacy scale in Taiwan were higher in health 
department students (14). When our findings are 
compared with the studies conducted on the students 
of the Faculty of Health Sciences in our country, the 
e-health scores are below the stated average (28). 
These data show that university students studying 
especially in the field of health in Turkey do not have 
a sufficient level of knowledge on the subject. 
Differences in the results of studies conducted 
between countries may be due to the scales used in 
the assessment and the different socio-demographic 
and cultural characteristics of the populations taken. 
It is recommended that university students be given 
the training to increase their level of literacy in the field 
of computer and e-health, encouraging them to read 
periodicals and articles about health, and informing 
them about the accuracy/reliability of the information 
they obtain from the internet (12). It is also important 
for public health that students studying in the field of 
health have sufficient e-health literacy levels (31). 
According to the results of the research that 
compared the levels of HL between departments; a 
study using the Health Literacy Questionnaire (HLQ) 
scale in Australia showed that medical school 
students had the highest mean score when 
comparing allied health, nursing, and medical school 
students (32). In a study in Italy in which Newest Vital 
Sign (NVS) and Health Literacy Assessment Tool 
(HLAT-8) scales were used, it was stated that the HL 
level was higher in nursing department students than 
in movement sciences and economics departments 
(15), and in the study in which the HLQ was used in 
Denmark, the students studying in the field of public 
health had a higher level of HL than the students of 
molecular biomedicine. In another study using the 
HLS-EU-Q16 scale, while the adequate HL level of 
social science students varies between 25-30%, this 
range of 70% of the students studying in the nursing 
department (33). In another study conducted in 
Turkey using EHLS, it was stated that university 

students had similar results (34). There was no 
significant difference between the HL total score and 
sub-dimensions of the students included in our study 
and studying outside the field of health and health. 
The reason for this can be thought that the behavior 
of university students seeking and accessing health-
related information is similar to the effect of the 
epidemic process we are in. The difference between 
the results in studies evaluating HL is remarkable. 
The results may vary depending on the differences 
between the measurement methods used in the 
studies and the socio-cultural and demographic 
characteristics of the population. Despite this, the fact 
that university students mostly have insufficient 
health literacy levels, together with the literatüre, is an 
issue that should also be taken into consideration. 
We determined that 28.6% of the students were found 
to be inactive, only 20.4% of students have sufficient 
activity levels and the sitting time was 445 minutes. In 
Portugal, 70% of the young population follows the 
recommended 30 minutes of moderate or vigorous-
intensity physical activity daily. According to studies 
conducted with university students are sufficient 
activity levels; 44.7% of 4193 university students in 
Germany (35), and 62.9% in Switzerland (36). The 
average residence time of university students is 44% 
over 8 hours in Germany (35), 420 minutes in 
Switzerland (36) 525 minutes in Italy (37) 
Similar to the literature, it is noteworthy that most of 
the students have insufficient physical activity levels 
and an increase in the time they spend inactive. The 
restrictions we have encountered with the Covid-19 
pandemic in the current period have increased the 
effects of the physical inactivity pandemic, which is 
already a problem, to an alarming level (38). In our 
study, the fact that students continue their education 
process remotely may be another reason for the 
increase in sitting time. While technological 
developments make our lives easier, the 
disadvantages of our activity levels and the isolation 
measures taken within the scope of the pandemic 
conditions we are in also lay the groundwork for an 
inactive lifestyle (36). 
Having a sufficient level of health literacy can provide 
to individuals make conscious choices regarding their 
physical activities and thus contribute to the 
prevention of many non-communicable chronic 
diseases. According to the systematic review, 15 of 
19 study contents showed a positive relationship 
between health literacy and physical activity level in 
adults (39). In a study conducted with university 
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students, it is stated that a higher level of e-health 
literacy enables them to adopt more than one 
behavior that is positive for their health, including 
physical activity (40). In our study, in line with the 
literature, a significant relationship was found 
between all students' digital literacy, physical activity, 
and health literacy levels. As the level of physical 
activity increases, both digital and health literacy 
levels increase. We think that pandemic conditions 
and distance education process may also affect this 
situation. 
A positive correlation was found between the HLS-
EU-Q47, DLS, and E-HEALS scales used in our 
study. A moderate correlation was found between the 
E-HEALS score averages of all students and DLS 
and HLS-EU-Q47 and a low correlation between 
HLS-EU-Q47 and DLS. There are a very limited 
number of correlational studies between the related 
scales in the literature. To reach a clear view, studies 
that examine the relation between the scales in 
different populations with larger sample groups are 
needed in the future. 
The strength of our study is that it is the first study to 
investigate the relationship between e-health literacy 
and physical activity level in PT students. The 
limitation of this study is that our study was conducted 
during the Covid period and it creates a disadvantage 
in terms of PALs. On the other hand, it may have 
provided an advantage in terms of evaluation of e-
health. 
 
CONCLUSION 
Consequently, the study found that e-health literacy 
and physical activity levels of university students in 
health and social fields were similarly low. There was 
a positive correlation between e-HEALS with DLS 
and HL, and a significant correlation was found 
between HL and DLS. The study highlights the need 
for education and training programs to increase 
health literacy and physical activity levels in higher 
education. It is suggested that appropriate 
environments should be created in universities to 
address this issue. Additionally, identifying the level 
of health literacy and physical activity of 
physiotherapists is important for improving the quality 
of service they provide to patients and society. The 
results of this study can ensure insight for future 
research on evaluating methods for improving health 
literacy in university students. 
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INTRODUCTION 
Osteoarthritis (OA) is a major contributor to disability 
and healthcare costs worldwide. (1) OA causes pain, 
stiffness, loss of function, and a diminished quality of 
life, leading to increased mortality and morbidity (2, 
3). Various guidelines recommend pharmacological 
and non-pharmacological treatment options to 
manage pain, enhance functionality, and prevent 
further complications. Evidence-based 
recommendations encompass exercise, patient 
education, and weight management as core non-
pharmacological approaches for patients with knee 

OA (4, 5). Implementing these methods into the 
treatment programs yields cost-effectiveness (6). 
However, individuals with knee OA may be less likely 
to utilize exercise and weight management as part of 
their treatment plan (7). Rehabilitation interventions 
are necessary to maintain, develop, and restore 
physical capacity and movement since these are 
critical components of optimal general health and 
quality of life (8). Although the benefits of 
rehabilitation and physical therapy are well-
recognized, these services may be underutilized. 
Inadequate services or patient resources and high 

ABSTRACT 
Purpose: This study aimed to evaluate the current knee osteoarthritis (OA) information available on 
YouTube and to evaluate if these videos report information about core treatment methods in the current 
guidelines. 
Material and Methods: We searched for the keyword as “knee osteoarthritis” on YouTube. A total of 61 
videos were evaluated and their quality, reliability and knee OA specific content were analyzed. Popularity 
of the videos and the number and kind of treatment recommendations were recorded. The videos were 
dichotomized into two groups according to their content if they were including core non-drug treatment 
methods or not. 
Results: The majority of the content was uploaded by health-care professionals (37.8 %) and exercise 
was the most recommended treatment method. Reliability and quality of the videos uploaded by health-
care professionals, academic and health-care organizations were higher than other sources (p<0.05). The 
academic and health-care organizations had the highest knee OA content score and health-care 
professionals had the highest popularity (p<0.05). Videos uploaded by physicians and physical therapists 
mostly included evidence-based non-drug treatment recommendations. 
Conclusion: Exercise and patient education were the main topics in knee OA-related videos. Patients 
can be referred to the videos uploaded by academic and healthcare organizations to obtain comprehensive 
information about knee OA. 
 
Keywords: Video analysis; knee osteoarthritis; exercise; guideline 
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demand to physiotherapy access may result in long 
waiting lists. Thus, restricting access to treatment 
becomes necessary (9, 10). 
In cases where rehabilitation is necessary but not 
adequately implemented, alternative rehabilitation 
models have been created to improve coverage using 
new resources such as digital health tools (9). Thus, 
telerehabilitation, considered as a branch of 
telehealth can be used to increase treatment 
adherence, satisfaction and overall health by 
enabling participants to take an active role in disease 
management and decision-making process. 
Telerehabilitation can replace the traditional 
treatment approach, allowing individuals to access 
treatment remotely (10, 11). 
Digital health applications include web-based digital 
intervenions, smartphone applications, and social 
media platforms such as Facebook, Twitter, 
Instagram, YouTube and patients can have a direct 
access to disease-related exercise and education 
using these platforms(12) . Gürler et al. compared 
social media platforms and found that the videos with 
the highest information content were on the YouTube 
platform. Additionally, the medical quality of 
Instagram and twitter videos was found to be quite 
low (13). However, the applicability of YouTube in 
telerehabilitation has some limitations, not allowing 
direct and real-time interaction between patient and 
clinician. Patients can also access therapy videos on 
YouTube that may be inappropriate or dangerous for 
their diseases. Therefore, the quality and reliability of 
the information on YouTube videos should be 
investigated for each disease(14). 
A video-based program delivering information about 
knee OA, incorporating behavioral change strategies, 
proves to be a cost-effective solution (15, 16). Since 
OA means more than just the “wear and tear” theory 
and not all patients undergo surgical interventions 
(17), poor or incorrect online content can induce fear 
in patients, negatively impacting their health or 
health-related behaviors.  
An increasing number of patients search the internet 
for healthcare information about diseases and 
treatment methods (18). YouTube, as the third most 
visited website and a video-sharing platform, has 
become a valuable resource for healthcare 
information. However, the reliability of the videos on 
YouTube is not regulated, as they do not undergo an 
editorial process (19). Consequently, this platform 
may contain misleading and inaccurate information, 
potentially influencing decision-making process (20). 

Nevertheless, it is important to note that patients may 
access accurate information easily by producing 
appropriate content due to the accessibility and free 
use of YouTube. Therefore, it is crucial to assess the 
alignment of information on social media platforms 
with current scientific recommendations (21). 
Several studies have evaluated the reliability, quality 
and content of Youtube videos on various diseases 
and have found it to be a poor or important source of 
information regarding diseases and treatment 
methods (18,20,22-24). YouTube has been 
characterized as an inadequate resource for patients 
with knee OA (20). However, this video platform has 
been served as a reliable source for knee OA 
exercises (25). To date, no study has investigated the 
compatibility of the videos with current treatment 
guidelines.  
Therefore, the aim of this study was to assess the 
current information available on knee OA and 
determine whether these videos include information 
about core non-drug treatment methods 
recommended in the current knee OA guidelines. 
 
MATERIAL AND METHODS.  
Search strategy 
The present study was designed as a cross-sectional 
observational study. Two independent researchers 
both of whom have clinical experience with knee OA 
patients, conducted a search on YouTube 
(www.youtube.com) using the keywords “knee 
osteoarthritis” and “knee arthritis”. The videos that 
appeared for each search term were sorted by 
applying the “view count” filter which enables to 
identify the most viewed videos on this platform. The 
researchers logged out their personal Google 
accounts, deleted the cookies and cleared their 
search history. A pilot search was carried out on 10 
August 2021, to identify potential discrepancies 
between the researchers. The final search was 
conducted on September 10, 2021, at the same time, 
and each observer independently selected the first 
200 videos. The search results were compared, and 
the final selection of videos was determined. Only 
videos in the English language were included. 
Exclusion criteria were as follows; 1) duplicate videos, 
2) videos in languages other than English, 3) videos 
without or with inappropriate audio, and 4) 
advertisements. Additonally, educational videos 
designed to demonstrate interventional procedures 
such as surgery and intra-articular injection were 
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excluded. The Universal Resource Locator (URL) 
links were saved by the researchers.  
This study obtained ethical approval and the present 
study followed the STROBE (Strengthening the 
Reporting of Observational Studies in Epidemiology) 
reporting guideline. (26) Study was approved by 
Acıbadem Mehmet Ali Aydınlar University, Medical 
Research Ethics Committee (Decision Date: 
24.02.2023, Number: ATADEK 2023-03/75). 
 
Video features  
The following information was recorded for each 
video; i) the type of the video (program, 
videoconference, animation), ii) duration (in minutes), 
iii) time elapsed since the upload date (days), iv) the 
category of the speaker (physician, physical therapist, 
trainer, massage therapist, chiropractor, layperson), 
v) the source of the content (healthcare professionals 
including physicians and allied health professionals 
such as physical therapists, exercise trainers, 
academic and health-related organizations, and other 
sources (health-related websites and commercials)), 
vi) intention (general information about the disease, 
general information about the disease and treatment 
recommendations, information on diagnosis, exercise 
demonstrations, other treatment methods, manual 
therapy). Additionally, the number of likes and 
dislikes, the number of comments, and the number of 
views were recorded. The view ratio (views/days) and 
the like ratio (number of likes*100)/(number of likes + 
number of dislikes), as well as the Video Power Index 
(VPI) were calculated using the following formula: 
[(number of likes*100)/(number of likes + dislikes)]* 
[views per day]/100. (24) 
 
Video content  
The quality and reliability of the included videos were 
evaluated by two independent physical therapists 
(authors) both of whom are asisstant professors at 
the university and have a minimum of 10 years of 
clinical experience in orthopeadic physiotherapy. 
Items with differences were discussed among the 
researchers, and a consensus was reached. The 
educational value of the videos was evaluated using 
the Global Quality Score (GQS) which was developed 
by Bernard et al. (27) The GQS assesses the flow, 
the quality of the web-related information, and ease 
of use by the patient, using a five-item scale to 
determine whether the videos are useful for patients. 
If a video is scored 4 or 5 points, it is considered high 
quality, 3 points indicate moderate quality, and 1 or 2 

indicate poor quality (Table 1). (27) The reliability of 
YouTube videos was assessed using the modified 
DISCERN tool, which is a shortened version of the 
DISCERN tool adapted by Singh et al (28). The 
modified DISCERN consists of 5 questions and 
evaluates video content in terms of clarity, bias, 
uncertainty of the content, and resources used and 
addressed. Each “yes” response is scored as 1 point 
with a maximum score of 5 (Table 1). 
The content of the videos was independently 
reviewed by the two researchers to verify the 
accuracy of information pertaining to important issues 
in knee OA. To better assess the accuracy of 
information within the videos, a knee OA content 
scoring system was employed, as previously 
established in similar study designs (20, 29). This 
scoring system comprises 9 items and evaluates 
aspectes such as the definition, diagnosis of knee 
OA, and information about the disease based on 
available literature (30). Videos scoring between 7 to 
10 points were categorized as high content, those 
scoring between 4 to 6 were classified as moderate 
content and, scores of 0 to 3 were labeled as poor 
content (Table 1).  
Furthermore, the videos were examined for 
compliance with current treatment guidelines for knee 
OA, utilizing a checklist prepared by combining 
treatment approaches recommended in guidelines (4, 
5, 31-33). The number of videos included treatment 
recommendations, as well as the type and quantity of 
treatment recommendations included in each video, 
were recorded (Table 1). The evaluated videos were 
categorized into three groups based on the source of 
their content; health-care professionals (physicians, 
physical therapists, exercise trainers, personal 
trainers and chiropractors), academic and healthcare 
organizations (university personel and research 
groups) and other sources (health-related websites, 
healthcare organization, commercials). Healthcare 
organization included foundations and patient 
organizations aiming to give information about knee 
osteoarthritis.” Additionally, the videos were 
compared based on the speaker’s qualifications 
(physician, physical therapist, massage therapist, 
chiropractor, layperson, athletic trainer).  
 
Statistical Analysis  
The Statistical Package for the Social Sciences 
version 22.0 package program (SPSS Inc., Chicago, 
IL, USA) was used for data analysis. Median 
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(minimum-maximum), number, and percentage were  
used to express descriptive data. The videos were 
dichotomized based on their content, determining if 
they included evidence-based non-drug core 
treatment methods (exercise, patient education, and 
weight management) or other treatment methods. 
The chi-squared test was used to compare these 
groups with the speaker of the videos.  
The distribution of the data was assessed using the 
Shapiro-Wilk test. Continuous variables were 
compared using the Kruskal-Wallis test, followed by 
pairwise comparisons using Dunn-Bonferonni post-

hoc method after significance was established. The 
agreement between the two researchers was 
measured using the Kappa coefficient. P values less 
than 0.05 were considered significant.  
 
RESULTS 
Among the 200 videos, 139 videos were excluded, 
leaving a total of 61 videos for analysis (Fig 1). The 
Kappa values for the two observers were 0.91 for the 
GQS, 0.91 for the modified DISCERN score, 0.92 for 
the knee OA specific content score. When we 
analyzed the type and intention of the videos, 78.7 %  

Table 1. Assessment tools for quality, reliability and content of the videos 
 

Quality (Global Quality Score) 

1. Poor quality, poor flow, most information is missing, not helpful for patients 
2. Poor quality, some information is present, but of very limited use to patients 
3. Moderate quality, some informaton is adequately discussed  

4. High quality and flow, most important information is covered, useful for patients 
5. Excellent quality and flow, very useful for patients.  

Reliability (Modified DISCERN Tool) 

1. Is the video clear and understandable?  
2. Are valid sources cited?  
3. Is the information in the video unbiased and balanced?  
4. Are additional sources of information given from which the reviewer can benefit?  
5. Does the video address areas of controversial or uncertain?  

Knee Osteoarthritis Specific Content Score  

• Definition of the knee OA 1 point 
• Risk factors  1 point  
• Symptoms   1 point  
• Prevention  1 point  
• Diagnosis of knee OA  1 point  
• Statistics and Epidemiology  1 point  
• Prognosis 1 point 
• Treatment methods (non-surgical) (if partially mentioned 1, fully mentioned 2) 2 points 
• Treatment methods (surgical) 1 point 

List of non-surgical treatment recommendations  

A. Patient education including information about disease, joint protection, self-management  
B. Structured exercise therapy (strengthening, aerobic, aquatic)   
C. Weight reduction / weight management  
D. Appropriate footwear, use of insoles and braces  
E. Use of NSAIDs or paracetamol for pain  
F. Use of chrondroitin sulfate or glucosamine   
G. Use of modalities (electrotherapy devices, manual therapy, acupuncture, cold and heat)   
H. Gait aids or assistive devices  
I. Intra-articular injection    
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of them were categorized as programs, with exercise 
demonstration being the most common intention 
(Table 2). Additional characteristics of the YouTube 
videos can be found in Table 2. Figure 2 illustrates 
the distribution of speakers, with physicians 
presenting 38 % of the uploaded videos. A total of 41 
(67.2 %) videos included evidence-based core 
treatment methods, while 20 (32.8 %) videos included 
other treatment methods. 
General features of the videos and total values for 
GQS, DISCERN, and knee OA content score are 
summarized in Table 2. According to the GQS, of the 
61 videos evaluated 44.2 % (n=27) were of high 
quality, 36.1 (n=22) were of moderate quality, and 
19.7 (n=12) were of poor quality. When analyzed by 
the source of content, 44 % (n=11) of the videos 

uploaded by healthcare professionals were of high 
quality, 40 % (n=10) were of moderate quality, and 16 
% (n=4) were of poor quality. Among the 20 videos 
uploaded by academic and healthcare organizations, 
60 % (n=12) were of high quality, 35 % (n=7) were of 
moderate quality, and only 5% (n=1) were of poor 
quality. Finally, 25 % (n=4) of the videos uploaded by 
other sources were of high quality, 31.3 % (n=5) were 
of moderate quality, and 43.8 % (n=7) were of poor 
quality.  
Based on the speaker of the videos, physical 
therapists uploaded 13 (61.9 %) high quality videos, 
5 (23.8 %) moderate quality videos, and 3 (14.3 %) 
poor quality videos. Physicians uploaded 12 (52.1 %) 
high quality videos, 8 (34.8 %) moderate quality 
videos, and 3 (13 %) poor quality videos. Among 6 
videos uploaded by chiropractors, 1 (16.7 %) video  

 

 
Figure 1. Flow chart 

 

 
Figure 2. Videos according to the speaker 
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was of high quality, and 3 (50.0 %) videos were of 
moderate quality. Athletic trainers uploaded 2 (50.0 
%) moderate quality videos and 2 (50.0 %) poor 
quality videos. Among the 6 videos uploaded by 

laypersons, 1 (16.7 %) of was of high quality, 4 (66.7 
%) were of moderate quality, and 1 (16.7 %) was of 
poor quality. A video uploaded by a massage 
therapist was of poor quality.  

Table 2. Characteristics of YouTube videos 
 
Type of video  

Program 48 (78.7 %) 

Animation 10 (16.4 %) 

Videoconference 2 (3.3 %) 

Videoclass 1 (1.6 %) 

Treatment recommendations  

No treatment recommendations 7 (11.4 %) 

At least one treatment recommendation 54 (88.5 %) 

Intention  

General information about the disease 9 (14.8 %) 

General information about the disease and treatment methods  17 (27.9 %) 

Information on diagnosis 4 (6.6 %) 

Exercise demonstration 23 (37.8 %) 

Other treatment methods (taping, injection, stem cell treatment, 
nutritional support) 

5 (8.1 %) 

Manual therapy 3 (4.9 %) 

Video features   

Duration (minutes) 7.08 (1.2-122) 

Number of views 71 556 (9520-3 202 204) 

Number of likes 783 (0-88 000) 

Number of dislikes 34 (0-1200) 

Number of comments 47 (0-3508) 

View ratio 72.4 (0 – 2160.7) 

Like ratio 94.4 (0 – 99.1) 
VPI  56.6 (0 – 1983.1) 

GQS 3 (1 – 5) 

DISCERN 3 (1 – 5) 

Knee OA content score 3 (1 – 9) 
   

Data are presented as median (minimum-maximum) and frequency (proportion).  
GQS, Global Quality Score; VPI, Video Power Index. 
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When the features, quality, reliability, and content 
score of the videos were compared among the 
groups, no significant differences were found in 
views, like ratio, and dislikes (p>0.05). However, 
significant differences were observed in likes, the 
number of comments, view ratio, VPI, GQS, 
DISCERN, and knee OA content score between the 
groups (p<0.05) (Table 3). According to the results of 
the Dunn-Bonferonni post-hoc method, both the GQS 
and DISCERN scores of the academic and 
healthcare organization group and healthcare 
professionals were significantly higher than those of 
other sources. No difference was found between the 
videos uploaded by academic and healthcare 
organizations and healthcare professionals in terms 
of GQS and DISCERN scores (p>0.05). Additionally, 
the knee OA content score of the videos uploaded by 
academic and healthcare organizations was 
significantly higher than that of videos uploaded by 
healthcare professionals and other sources. The view 
ratio, number of comments, number of likes, and VPI 
were significantly higher for videos uploaded by 
healthcare professionals compared to the other two 
groups (Table 3). 
Comparisons among the groups based on the video 
speaker revealed that physicians and physical 
therapists uploaded more videos containing core 
treatment methods (p=0.04). Additionally, DISCERN, 
GQS, and knee OA content scores differed among 
the groups. While GQS, DISCERN, and knee OA 
scores for videos uploaded by physical therapists and 
physicians did not differ significantly, their quality 
surpassed that of videos uploaded by other speakers, 
with the exception of massage therapists (Table 4). 

Figure 3 displays the number of treatment 
recommendations in the evaluated videos. Out of the 
148 recommendations, 27.7 % of them pertained to 
structured exercise therapy. Of the treatment 
recommendations, 47.3 % originated from healthcare 
professional sources, 33.7 % from academic and 
healthcare organizations, and 18.9 % from 
commercial and health-related websites. 
 
DISCUSSION 
This study aimed to evaluate the current information 
related to knee OA and determine if these videos 
include core non-drug treatment methods 
recommended in knee OA current guidelines. Most 
videos on the management of knee OA align with the 
evidence-based recommendations and include core 
treatment methods such as exercise, patient 
education, and weight management. Exercise was 
the most frequently recommended method among the 
analyzed videos. Additionally, we found that videos 
uploaded by academic and healthcare organizations 
had the highest quality, and their knee OA content 
score was higher than that of the two groups. 
However, healthcare Professional-sourced videos 
were more popular than the other evaluated videos. 
More than half of the uploaded videos included 
evidence-based core non-drug treatment methods 
presented by physicians and physical therapists.   
Patients are increasingly using online platforms as a 
source of information to learn about their diseases 
and treatment methods (34). Therefore, the quality, 
reliability, and accuracy of information in online 
resources are becoming more critical over time. The 
average number of views in our study was 349 910,  

 
Figure 3. Number of videos including treatment recommendations 
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consistent with previous studies reporting increased 
viewership among patients seeking information about 
medical conditions (20, 35). YouTube is a free video 
content platform availabe to everyone, and even non-

evidence-based or non-useful treatment approaches 
can spread easily due to the lack of a content control 
mechanism and reliability of the uploaded videos. In 
this study, the overall mean GQS was 3.5, and 

Table 3. Analysis of the videos according to the source of upload. 

Variables Healthcare 
professionals 

(n=25) 

Academic and healthcare 
organization (n=20) 

Other sources (Commercial and 
health-related website) 

(n=16) 

P 
value 

View 285 518 

(10 636 – 2 217 
828) 

105 588 

(9520 – 743 225) 

42 373 

(12 281 – 3 202 204) 

0.20 

Like 2400 (0 – 88 000) 386.5 (0 - 5200) 414.5 (0 – 22 000) 0.01 

Dislike 70 (0 – 1200) 30.5 (0 - 333) 20.5 (0 – 737) 0.10 

Number of 
comments 

143 (2 – 3508) 23 (0 – 534) 28 (0 – 769) 0.00 

View ratio 145.3 (3.2 – 2014) 49.7 (0 – 340) 26 (4.4 – 210.7) 0.02 

Like ratio 95.8 (0 - 99.1) 93.2 (0 – 96.1) 95.5 (0 – 99.1) 0.07 

VPI 90.2 (0 – 1983.1) 29.6 (0 – 320.7) 22.3 (0 – 1423.6) 0.04 

GQS 3 (2-5) 4.5 (2 – 5) 3 (1 – 5) 0.01 

DISCERN 3 (2-5) 4 (1 – 5) 2 (1 – 5) 0.02 

Knee OA 
content score 

2 (1-9) 4.5 (1 – 9) 3 (1 – 5) 0.00 

Values are presented as median (minimum – maximum).   

GQS Global Quality Score, VPI Video Power Index, DISCERN Quality Criteria for Consumer Health Information 

 
Table 4. Evaluation of the videos according to the speaker 

Speaker of the video 
 Core non-

drug 
treatment 
methods  
N (%) 

Other 
treatment 
methods 
N (%) 

DISCERN score 
Mean (Median) 

GQS score 
Mean (Median) 

Knee OA 
content score  
Mean (Median) 

Physical 
therapist 

19 2 3.5 (4) 4 (5) 3.4 (3) 

Physician 14 9 3.3 (3) 3.7 (4) 4.4 (4) 

Chiropractitioner 2 4 2.1 (2) 2.8 (3) 1.8 (1.5) 
Athletic trainer 3 1 2.5 (2.5) 2.2 (2.5) 2 (1.5) 
Massage 
therapist 

0 1 2 (2) 2 (2) 4 (4) 

Layperson 3 3 1.6 (2) 3 (3) 1 (1) 
P value  0.04** 0.001* 0.021* 0.042* 
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DISCERN was 3.1, indicating moderate quality and 
reliability. Most published studies have found 
YouTube videos to be of low quality and unreliable 
(24, 36). However, some studies have reported that 
YouTube videos include accurate and reliable 
information that can be helpful for patients (18, 22). 
These differing results may reflect the subjective 
experience of independent evaluators. To minimize 
minimize the differences between assessors, GQS 
and DISCERN scores were defined in detail before 
video analysis, and meetings were conducted to 
ensure a consistent perspective. Inter-rater kappa 
scores were calculated based on randomly selected 
videos related to the topic, and our study’s kappa 
value was above 0.70, indicating strong agreement. 
Without classifying videos based on their publishing 
source, the knee OA content score in our study was 
3.5, indicating poor content quality. This result is in 
line with previous studies on YouTube videos 
evaluating the medical information. (20, 24) Videos 
created by academic and healthcare organizations 
had the highest knee OA content score 
(median:4.5/10), surpassing videos from healthcare 
professionals or other sources. The 47.3 % of the 148 
treatment recommendations were published by 
healthcare professionals, mostly featuring exercise 
demonstrations. The low knee OA content score may 
be related to the fact that non-surgical treatment 
recommendations were scored with 1 or 2 points. 
Academicians and healthcare organizations prepared 
videos covering a broader range of topics according 
to the content checklist, contributing to their higher 
content score.  
The quality and reliability of videos uploaded by 
healthcare professionals, academics, or healthcare 
organizations have been found to be higher than 
those from medical advertisements, health-related 
websites, or independent users (18, 23, 37). 
However, Culha et al. reported no significant 
difference in GQS and DISCERN scores based on 
the source of the content (22). Our study revealed 
that when the source is an academician or healthcare 
organization, YouTube can provide valuable 
information about knee OA and its treatment 
methods. We also believe that healthcare 
professionals, academicians, or individuals working 
in healthcare organizations should be encouraged to 
produce unbiased and informative videos about 
diseases and evidence-based treatment 
recommendations (22). In line with this 
recommendation, patients should be educated on 

how to find more useful and accurate content within 
these platforms.  
Previous studies have investigated the reliability and 
quality of YouTube videos prepared for different 
diseases or conditions such as ankylosing 
spondylitis, sarcopenia, fibromyalgia, and rheumatoid 
arthritis (18, 23, 28, 38). Wong et al. evaluated 
YouTube content using the keyword “knee 
osteoarthritis” and concluded that YouTube is a poor 
educational source for knee OA information. 
However, their study did not investigate the reliability 
and quality of the videos using widely accepted tools, 
also they did not record the treatment approaches in 
detail. Their study reported that 82.14 % of the 56 
videos included information about non-operative 
treatment approaches (20). Consistent with this 
study, 78.6 % of the videos in our study contained 
information about treatment methods or 
demonstrated some of them, such as exercise or 
manual therapy. Bağcıer et al. analyzed videos using 
a keyword “exercise for knee OA” and suggested that 
YouTube can be a reliable source for obtaining 
information (25). 
Exercise and patient education have been identified 
as core treatment methods in several guidelines. In 
accordance with these guidelines, exercise is the 
most recommended treatment method (67.2%) in our 
study and is typically demonstrated by physical 
therapists. This suggests that YouTube videos can 
serve as an informative tool for patients who have 
limited or no access to physical therapy services. 
Furthermore, evidence-based non-drug core 
treatment methods (exercise, physical education, and 
weight management) were presented in 67.2 % of the 
analyzed videos. However, the viewed videos on 
knee OA prioritized treatment methods and did not 
mostly include disease-related information, as 
mentioned earlier (21). Therefore, we can propose 
that informative videos not only focus on treatment 
approaches but also encompass the disease 
process, may better help patients to manage their 
condition.   
Our results indicate that videos sourced from 
healthcare professionals were more popular, as 
evidenced by the view ratio, the number of 
comments, the number of likes, and the VPI 
compared to academic, healthcare organization, and 
other sources. Erdem et al. found that videos 
uploaded by academicians had the lowest VPI (24). 
In contrast, some studies reported no difference in 
popularity based on content source (22, 23). Ayoub 
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et al. suggested that low-quality videos tend to be 
more attractive (29). Our study showed that despite 
being less popular, videos uploaded by academic and 
healthcare organizations were rated as high quality 
and more comprehensive. Consistent with our 
results, Kocyigit et al. concluded that popularity does 
not predict video quality (18). The high popularity of 
healthcare professionals should motivate them to 
produce high-quality, comprehensive videos that 
cover both disease-related information and treatment 
methods. Patients diagnosed with knee OA should 
consider accessing videos produced  by academic 
and healthcare organizations first, followed by those 
created by health professionals, to maximize the 
benefits of the YouTube platform. This approach can 
raise awareness of various treatment modalities for 
both the disease and its progression. 
This study has several limitations. Similar to 
published studies, we have evaluated the videos 
using subjective and unvalidated tools (GQS, knee 
OA scoring system, modified DISCERN) which may 
be influenced by the evaluators’ perspective. This 
limitation arises from the lack of valid and disease-
specific metrics for assessing online or video-based 
information. To mitigate this, two independent authors 
evaluated each video twice. Additionally, the viewed 
videos were only in English which may limit the 
generalizability of our results. Another limitation is the 
sample size; we have evaluated 61 videos, which is 
consistent with the existing literature. Most internet 
users typically view the first two pages of their search 
results (39). Furthermore, this study is a “snapshot” of 
the content on YouTube, and the platform is dynamic 
affecting search results. In future studies, analyzing 
videos in the native languages of the countries may 
provide more useful information for patients and 
contribute more to the literature. Moreover, YouTube 
may promote videos uploaded by academicians and 
healthcare professionnals through its embeded 
algorithm to serve more qualified information for the 
patients. 
 
CONCLUSION 
The popularity of YouTube is increasing among knee 
OA patients for health information.  Exercise and 
patient education, core treatment methods in several 
guidelines, were the most prevalent content in line 
with the guideline recommendations. Videos 
uploaded by academic and healthcare organizations 
can be recommended to patients seeking 
comprehensive information about knee OA and its 

treatment methods. Despite being less popular, 
healthcare professionals should provide informative 
videos to ensure that patients can access well-
prepared healthcare information. Additionally, 
patients should be guided in selecting the right 
content while checking the video sources.  
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INTRODUCTION 
Temporomandibular joint dysfunction (TMD) is a 
musculoskeletal disorder involving the 
temporomandibular joint (TMJ), masticatory muscles, 
ligaments, and surrounding tissues (1). Conditions 
characterized by tenderness, pain, clicking sound 
during movement, or functional limitations in the TMJ  

 
or surrounding tissues are included under TMD (2). 
Although few patients seek treatment, the prevalence 
of TMD is between 3% and 15% in developed 
societies (2). TMD increases in the population mostly 
between the ages of 20–40 years and is more 
common in women than in men (3). 

ABSTRACT 
Purpose: The aim of study was to investigate the relationship between pain, proprioception and range of 
motion in patients with temporomandibular joint dysfunction (TMD). 
Material and Methods: The study was completed with 45 participants diagnosed with TMD and 45 healthy 
controls. Visual analog scale and graded chronic pain scale were used to assess pain intensity, dolorimeter 
was used for pain pressure threshold (PPT) assessment. Evaluation of cervical proprioception by cervical 
joint position error test (JPET), cervical joint range of motion assessment by digital goniometer, mouth 
opening measurements were made with a ruler. 
Results: In the study, pain intensity was high and PPT was low in the TMD group. In the JPET, the right-
left rotation and left lateral flexion values in the TMD group had higher mean values than the control group 
(p=0.028, p=0.003, p=0.004, respectively). There was a significant difference between the groups in digital 
goniometer measurement in right-left rotation, right-left lateral flexion movements(p=0.008, p=0.001, 
p=0.041, p=0.005, respectively). The TMD group had a lower mean than the control group in painless, 
maximum assisted and unassisted mouth opening measurements(p=0.001, p=0.001, p=0.001, 
respectively). 
Conclusion: TMD patients presented a lower PPT, less accurate head repositioning, and some 
impairment in cervical range of motion. 
 
Keywords: temporomandibular joint, pain, proprioception, range of motion 
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Pain is the most common sign of degenerative 
changes in TMD. A clicking sound felt in the joint and 
associated with uncomfortable jaw movement, neck 
pain, or headache is indicative of muscle issues in 
TMJ disorders. When people with TMD have 
discomfort, joint issues, and restricted jaw 
movements, it affects their ability to eat, chew, 
swallow, and talk, which lowers their quality of life as 
the disease progresses (4,5). 
TMD is associated with problems in the cervical 
region, and dysfunctions in the cervical region affect 
the masticatory region (5,6,7). According to Silveira et 
al., high degrees of muscle tenderness in the upper 
trapezius and temporalis muscles were associated 
with high levels of jaw and neck dysfunction. 
Furthermore, severe neck disability was associated 
with severe jaw dysfunction (5). Another study by von 
Piekartz et al. investigated whether subjects with 
acute/subacute temporomandibular disorders exhibit 
associated cervical impairments and indicated that 
the greater the dysfunction and pain in the 
temporomandibular region, the greater the 
dysfunction on a number of cervical musculoskeletal 
function assessments (6).  Additionally, Cuenca-
Martnez et al. performed a systematic review and 
meta-analysis of observational studies to examine 
craniocervical and cervical spine features in TMD 
patients and discovered statistically significant 
variations in the relationship between neck 
impairment and jaw disability (7). Because of the 
close relationship between these two regions, 
cervical region functionality and proprioception can 
be expected to be affected in individuals with TMD. It 
has been demonstrated that movement limitation or 
functional impairment in the cervical region may affect 
the TMJ as well as the cervical fascia and masticatory 
muscles, and it is recommended that programs 
prepared for the evaluation and treatment of patients 
with TMD should include the cervical region. 
The purpose of the current study was to compare 
measurements between patients with TMD and 
healthy controls by examining the pain intensity, pain 
pressure threshold (PPT), cervical proprioception, 
cervical range of motion (ROM), and mouth opening.  
 
MATERIAL AND METHODS 
 
Participants 
Ethical approval was obtained from the Health 
Sciences Research Ethics Committee of Istanbul 
Okan University (Decision Date: 24.11.2021, 

Number: 8) and the study was conducted in 
accordance with the Declaration of Helsinki. Healthy 
individuals (control group (CG)) and participants with 
TMD (TMD group) who matched the inclusion criteria 
were included in the study. After the participants were 
given thorough information regarding the 
assessments to be conducted, informed consent for 
the study was acquired. The inclusion criteria were 
patients have the appropriate diagnostic criteria for 
TMD (DC-TMD) a result of evaluation by a dentist, be 
in arthrogenic, myogenic, mixed type according to the 
DC/TMD classification, TMJ pain for at least 3 
months, and age more than 18 years, while the 
exclusion criteria were the presence of an orthopedic 
or neurological problem that would prevent the 
evaluations from being performed; the presence of 
any psychiatric disease; and a history of surgical 
operations involving the face, jaw, and cervical 
region, rheumatoid arthritis, fracture, and malignant 
conditions. 
 
Sample Size  
The sample size for this study was calculated using 
the G*POWER program. Yıldırım et al. obtained a 
moderate effect size (Eta squared (ƞ2) = 0.49) using 
the mean and standard deviation values of the pain 
intensity in patients with TMD. For this effect size, it 
was determined that there should be at least 45 
observations for each group in the sample with a 
statistical power level of 81.7% and a significance 
level of 5%. In line with these results, the study was 
planned to include a minimum of 90 participants (8). 
 
Evaluation Methods 
The demographic information of the study 
participants was obtained using the 
sociodemographic form (age, gender, body weight, 
height, educational status, occupation, complaints, 
pain duration, and pain type). Within the scope of the 
present study, pain intensity, pain pressure threshold, 
cervical region proprioception sensation, cervical 
region range of motion, and mouth opening were 
measured. All assessments were done face-to-face 
by two physiotherapists who are blinded to groups.  
 
Assessment of Pain İntensity 
The pain intensity was assessed using the Visual 
Analog Scale (VAS) and Graded Chronic Pain Scale 
(GCPS). For the VAS, two points on a 100 mm line, 
with markings from “0”, indicating no pain, to “10”, 
indicating excruciating pain, were determined. 
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Between 0 and 10, patients were asked to mark the 
severity of their pain during three different actions 
(rest, activity, night (9). The GCPS Version 2.0 is a 
scale that assesses pain intensity, overall chronic 
pain severity, and pain-related disability in two 
dimensions over the previous 1 month. The GCPS 
consists of eight items in total, six of which are scored 
from 0 (no pain) to 10 (highest pain), and the results 
are calculated by adding the number of days for the 
remaining two items (10). 
 
Assessment of Pain Pressure Threshold 
The PPT was evaluated using a dolorimeter. Before 
using the dolorimeter for measurement, it was tested 
by pushing it on the pulp of the thumb. The algometer 
was then pressed vertically on the masseter, 
temporalis, trapezius, sternocleidomastoid, and 
lateral to the TMJ muscles while the patient sat until 
pain was felt. The pressure was applied in 1kg/cm2 
increments. The patient was asked to raise his/her 
hand when he/she first felt pain. This technique was 
carried out three times and mean values was 
calculated (11). 
 
 

Evaluation of Proprioception Sensation in the 
Cervical Region 
A participant sits in a chair, 90 cm distant from a target 
on a wall. A laser pointer is put on top of the 
participant's head, and the subject is blindfolded. The 
participant is told to move their head away from the 
target while starting with the laser pointer exactly in 
the middle of the target. After returning to the center, 
the difference between the initial and final positions is 
calculated. The final laser location is measured in 
centimeters in relation to the initial position. The test 
was repeated ten times and the arithmetic mean of 
the results was used. The active neck movements 
(flexion, extension, right and left rotation, right and left 
lateral flexion, and right and left lateral flexion) were 
assessed (12,13). 
 
Evaluation of Range of Motion in the Cervical 
Region 
Flexion, extension, lateral flexion, and rotation angles 
of motion were measured using a digital goniometer 
for the ROM assessment of the cervical region. 
Cervical flexion and extension measurements were  
 
 

Table 1. Evaluation and comparison of demographic characteristics of the participants 
 

 

Groups 

Test 
Statistics P TMD (n = 45) Control (n = 45) 

Mean ± SD 
Median (IQR) 

Mean ± SD 
Median (IQR) 

Age (years) 29.11 ± 7.90 
29 (11) 

28.93 ± 6.07 
29 (9) -0.120 0.905 1 

Height (cm) 169.51 ± 9.06 
169 (12) 

172.02 ± 11.44 
171 (13) 1.153 0.252 1 

Body Weight (kg) 69 ± 11.05 
67 (15) 

73.36 ± 10.16 
73 (15) 1.945 0.055 1 

BMI (kg/m2) 24.05 ± 3.56 
23 (5) 

25.14 ± 5.15 
24 (6) 1.170 0.245 1 

     

 n (%) n (%)   

Gender 
Male 4 (%9) 4 (%9) 

0.001 0.999 2 
Female 41 (%91) 41 (%91) 

SD: Standard deviation, TMD: Temporomandibular Joint Dysfunction, BMI: Body Mass Index,1: Independent t test (t); 2: Chi-Square 
test-Fisher’s Exact test ( ); summary statistics are given as mean ± standard deviation for continuous data; Median (IQR) and 
Number (percentage) for categorical data.  
 
 404 



J Basic Clin Health Sci 2024; 8: 402-412                                                                         Akdag S et al. Pain, Proprioception and Range of Motion in TMD 

  

 Table 2. Comparison of pain pressure threshold, proprioception and range of motion of cervical region, 
measurements of mouth opening 
 

 

TMD                   Control 

Test Ist. p Mean ± SD 
Median 
(IQR) 

Mean ± SD 
Median (IQR) 

Pain pressure threshold  

Masseter muscle 1.56 ± 0.59 
1.3 (0.9) 

2.5 ± 0.74 
2.3 (1.45) -5.425 0.001 ** 

Temporalis muscle 2.27 ± 0.90 
2.1 (1.8) 

3.03 ± 0.53 
3.2 (1) -4.183 0.001 ** 

Sternocleidomastoid 
muscle 

1.5 ± 0.74 
1.3 (1.03) 

2.52 ± 0.85 
2.8 (1.5) -5.146 0.001 ** 

Trapezius muscle 2.18 ± 0.79 
2.1 (1.4) 

3 ± 0.59 
3.1 (0.7) -4.702 0.001 ** 

TMJ lateral 2.47 ± 0.81 
2.3 (1.6) 

3.35 ± 0.38 
3.5 (0.35) -5.271 0.001 ** 

Proprioception of the cervical region  

Flexion 12.47 ± 6.80 
12 (7.35) 

11.63 ± 2.48 
12 (2.4) -0.008 0.993 

Extension 13.57 ± 6.77 
14 (6.5) 

12.06 ± 2.35 
12 (2.75) -1.331 0.183 

Rotation 
R 14.28 ± 8.88 

13 (7.25) 
10.99 ± 2.76 
10 (4.5) -2.200 0.028 * 

L 14.24 ± 8.60 
13 (7.25) 

10.18 ± 3.39 
9 (4) -2.994 0.003 ** 

Lateral Flexion 
R 12.61 ± 6.73 

12 (6.75) 
9.32 ± 3.59 
8 (5.5) -2.898 0.004 ** 

L 12.36 ± 6.53 
10.33 (5.5) 

10.55 ± 3.83 
9.5 (4.75) -1.423 0.155 

Cervical region joint movements (°) 

Flexion 43.54 ± 5.91 
43.2 (3) 

43.58 ± 1.84 
43.5 (2.65) -0.146 0.884 

Extension 44.09 ± 4.53 
44.1 (3.35) 

44.16 ± 1.73 
44.3 (2.3) 

-0.747 0.455 

Rotation 
  R 55.66 ± 5.69 

56.9 (7.15) 
58.22 ± 3.96 
59.4 (4.5) -2.632 0.008 ** 

  L 55.74 ± 5.45 
57.1 (5.75) 

58.75 ± 3.28 
59.4 (3.35) -3.217 0.001 ** 

Lateral 
Flexion 

  R 41.46 ± 3.68 
42.3 (3.95) 

42.9 ± 1.98 
42.9 (2.9) -2.043 0.041 * 

  L 41.21 ± 4.10 
41.8 (4.65) 

43.39 ± 2.47 
43.8 (3.5) -2.793 0.005 ** 

Mouth Opening (mm) 

PMO 
16.87 ± 
3.71 
17 (5) 

19.69 ± 1.90 
20 (2) -4.647 0.001 ** 

MMO 
40.96 ± 
6.04 
42 (8.5) 

46.44 ± 4.33 
48 (6) -4.679 0.001 ** 

MAMO 
49.49 ± 
5.59 
51 (7.5) 

53.47 ± 3.81 
54 (4) -3.625 0.001 ** 

Lateral 

R 
12.67 ± 
2.02 
13 (2) 

12.73 ± 1.28 
13 (1.5) -0.650 0.516 

           
L 

12.2 ± 
2.10 
12 (3) 

12.84 ± 1.41 
13 (2) -1.660 0.097 

*p < 0.05; **p < 0.01 1: Mann–Whitney U Test (z); mean ± standard deviation for summary statistics ; Median (IQR) is given as value. SD: Standard 
deviation, TMD: Temporomandibular Joint Dysfunction, R; Right, L; Left, PMO: Painless mouth opening, MMO: Maximum Mouth Opening, MAMO: 
Maximum Assisted Mouth Opening 
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performed in the sitting position. The pivot point of the 
goniometer was set as the acromion. The fixed arm 
was parallel to the floor and the moving arm followed 
the midline of the ear.14 During the rotation 
movement measurement, the participants were 
seated and the physiotherapist stood behind the 
patient. The pivot point of the goniometer was placed 
at the center of the head, the fixed arm was kept 
parallel to the ground, and the moving arm followed 
the head movement. During lateral flexion movement, 
the patient was seated, the pivot point of the 
goniometer was placed at the spinal process of C7 
and the fixed arm was parallel to the floor. The moving 
arm followed the spinal processes of the cervical 
vertebrae and it was ensured that there was no head 
rotation during the measurement (14). 
 
Assessment of Mouth Opening 
In the assessment of painless mouth opening (PMO), 
the patient was seated with the head in the neutral 
position and asked to open his/her mouth without 
straining until they felt pain and the distance between 
the upper and lower incisors was measured using a 
ruler. Care was taken to avoid any slippage in the jaw. 
In the maximum mouth opening (MMO), the patient 
was asked to open the mouth as wide as possible in 

the same position and the distance between the 
upper and lower incisors was measured. In the 
maximum assisted mouth opening (MAMO), the 
patient was asked to open the mouth as wide as 
possible in the same position and the lower jaw was 
supported to increase mouth opening (15). For the 
lateral mouth opening, the patient was seated and the 
mouth was slightly open and the upper and lower 
teeth were not in contact. The distance between the 
midpoint of the anterior incisors during right lateral 
and left lateral movements was measured (16). 
 
Statistical Analysis 
The SPPS 25 (IBM SPSS Statistics for Windows, 
Version 25.0. Armonk, NY: IBM Corp.) statistical 
package program was used in the analysis of the 
data. Descriptive statistics were used as categorical 
and continuous variables. The normality assumption 
was checked using the Shapiro–Wilk test; the Student 
t test was used to examine differences between two 
groups when the conditions for parametric testing 
were met, and the Mann-Whitney U test was used 
when they were not. When the conditions for a 
parametric test were not met, the correlation between 
two continuous variables was assessed using the 

 
Table 3. The relationship between pain intensity and pain pressure threshold in TMD group 
 

  
VAS 

GCPS 
   

  
Rest Activity Night   

Pain 
pressure 
threshold  

Masseter muscle 
r -0.235 -0.409 -0.296 -0.452   

p 0.121 0.005 ** 0.048 * 0.002 **   

Temporalis muscle 
r -0.325 -0.289 -0.358 -0.508   

p 0.029 * 0.054 0.016 * 0.000 **   

 
Sternocleidomastoid muscle 

r -0.232 -0.482 -0.244 -0.313   

p 0.130 0.001 ** 0.110 0.039 *   

Trapezius muscle 
r -0.433 -0.317 -0.273 -0.304   

p 0.003 ** 0.034 * 0.069 0.042 *   

TMJ lateral 
r -0.191 -0.408 -0.366 -0.139   

p 0.208 0.005 ** 0.013 * 0.363   

*p < 0.05; **p < 0.01 1: Spearman Correlation Coefficient (r); TMD: Temporomandibular Joint Dysfunction, VAS: Visual Analog Scale, GCPS: Graded 
Chronic Pain Scale 
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Pearson and Spearman correlation coefficients. 
Statistical significance was set at p < 0.05. 
 
RESULTS 
The mean age were 29.11±7.90 and 28.93±6.07 
years in the TMD and CG, respectively. There were 
no significant differences in the demographic 
characteristics between the groups (p>0.05) (Table 1)  
In the TMD group, all PPT assessments and 
proprioception in right and left cervical rotation, and 
right lateral cervical flexion had higher mean 
compared to the CG (p<0.05). Proprioception in the 
cervical region flexion, extension, and left lateral 
flexion did not differ between the groups (p>0.05) 
(Table 2). In the TMD group, right-left rotation, and 
right-left lateral flexion ROM of the cervical region had 
lower compared to the CG (p<0.05). Flexion and 
extension ROM in the cervical region also did not 
differ between the groups (p>0.05). In PMO, MMO, 
MAMO measurements, the TMD group had lower 
mean values than the CG (p<0.05). Right-left lateral 
mouth opening did not differ between the groups 
(p>0.05) (Table 2). 
VAS-rest was negatively correlated with PPT in the 
temporalis and trapezius muscles, while VAS-activity 
was negatively correlated with PPT in all regions 
except the temporalis muscle, and VAS-night was 
negatively correlated with PPT in all regions except 
the sternocleidomastoid and trapezius muscles 
(p<0.05) (Table 3).  
In the TMD group, there was a positive correlation 
between only the cervical left rotation proprioception 
measurement and VAS-activity and night (p<0.05). In 
addition, a negative correlation was present between 
VAS-activity and MAMO and unassisted mouth 
opening (p<0.05) (Table 4). 
 
DISCUSSION 
In the present study, the TMD group had higher pain 
intensity and lower PPT values, had decreased 
proprioception during right-left rotation and right 
lateral flexion compared to CG. Cervical ROM 
(excluding flexion and extension ROM) and mouth 
opening (excluding right-left lateral) of the TMD group 
were limited compared to the CG. Mostly, the source 
of pain in temporal and the angle of the mandible is 
effected cervical and occipital region. Tenderness on 
trapezius, cervical, occipital (specially deep small 
muscles) and masseter muscles, neck pain and 
spasm in cervical region may limit the proprioceptive 
inputs during especially rotation movements and also 

limit the range of motion with increasing pain 
intensity. 
In studies, TMD is more common in women than in 
men (17,18). Kuttila et al. suggested that higher levels 
of stress perception in women cause visible TMD 
symptoms, and therefore, the prevalence is higher in 
women (18). Eraslan et al.  found that TMD is more 
common in women (19). In the present study, in 
agreement with the literature, 91% of the participants 
in the TMD group were female. Arıkan et al. reported 
that joint involvement was unilateral in patients with 
TMD, while Sahin et al. reported that bilateral joint 
involvement was more common (20,21). In the 
present study, 71% of the participants in the TMD 
group had bilateral joint involvement. We believe that 
can be attributed to the overloading of the painless 
side during speaking, chewing, and swallowing 
activities after the onset of unilateral pain, leading to 
bilateral dysfunction.  
Pain intensity, multidimensional assessment of pain, 
and measurement of pain pressure threshold play an 
important role in comprehensive patient assessment. 
In study on the effect of trigger point therapy on pain 
and functionality in TMD, VAS score was found to be 
5.48 ± 2.76 before treatment (21). Pihut et al. 
examined masseter muscle pain in TMD and found 
that the VAS was 4.86 ± 1.84 (22). In the present 
study, the scores of pain intensity were 6.11 ± 2.55, 
6.20 ± 2.91, 5.91 ± 2.86, and 4.80 ± 1.841 (VAS-rest, 
VAS-activity, VAS-night, GCPS, respectively). In line 
with published literature, the participants also 
reported more intense pain during exercise. We 
believe that this is because activity puts more stress 
on the TMJ, which is subjected to strong forces when 
opening and closing. 
Wanman et al. reported that the PPT was lower in 
both masticatory muscles and neck and shoulder 
muscles in individuals with TMD compared to healthy 
individuals (23). De Laat et al. found that the PPT was 
lower in the sternocleidomastoid and trapezius 
muscles in patients with TMD (24). Benli et al. found 
that TMD-induced pain and PPT were lower in the 
neck and masticatory muscles of patients with TMD 
compared to controls (25). In present study, we found 
that the PPT was lower and sensitivity to pain was 
higher in individuals with TMD than CG. This can be 
attributed to psychological factors, such as 
deterioration in the quality of daily life of individuals 
with TMD, increased stress factors, decreased belief 
that the pain will subside, and decreased pain 
tolerance of tissues and surrounding structures, due 
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to physiological factors, such as the chronicization of 
the pain-spasm-pain cycle, overuse, and faulty 
chewing patterns. 
Cervical proprioception is defined as the awareness 
of the head or neck's location in space, explaining the 
interaction between efferent and afferent receptors to 
track position with movement. Bevilaqua-Grossi et al. 
found that cervical joint problems accompanied TMJ 
symptoms (26). Matheus et al. reported that patients 
with TMD had symptoms of cervical region problems, 
and stated that the cervical vertebrae are directly 

connected to the structures related to the head and 
mastication through muscles, fascia, joints, and 
neurovascular structures, therefore, changes seen in 
either region may affect the other region (27). 
Cervical spine problems may affect the cervical 
region as well as the cranium, TMJ, and shoulder 
(28). We hypothesized that cervical region 
dysfunction can directly affect proprioception due to 
the aforementioned structural relationships, and TMD 
can indirectly affect proprioception in the long term 
through the relationships between the TMJ and 

Table 4. The relationship between pain intensity and cervical region proprioception sensation, cervical region range 
of motion and mouth opening in TMD group 
 
   VAS GCPS 
 Rest Activity Night  

Cervical 
Proprioception 
Measurement  

Flexion 
 r 0.244 0.024 0.031 0.151 
 p 0.107 0.877 0.839 0.323 

Extension 
 r 0.245 0.169 0.132 0.214 
 p 0.105 0.268 0.389 0.158 

Rotation 
R 

 r 0.116 0.102 0.139 0.086 
 p 0.446 0.507 0.363 0.574 

L 
 r 0.176 0.303 0.296 0.165 
 p 0.246 0.043 * 0.049 * 0.279 

Lateral 
Flexion 

R 
 r 0.076 0.056 0.063 -0.092 
 p 0.618 0.714 0.682 0.549 

L 
 r 0.113 0.246 0.092 0.119 
 p 0.460 0.104 0.550 0.435 

Cervical region 
joint 
movements 
(°) 

Flexion  r -0.192 -0.143 -0.081 0.065 
p 0.207 0.350 0.595 0.673 

Extension  r -0.009 0.077 0.030 -0.078 
p 0.955 0.615 0.847 0.611 

Rotation 

 
R 

r 0.132 0.094 -0.034 -0.083 
 p 0.389 0.539 0.826 0.589 
 

L 
r 0.000 -0.175 -0.218 -0.216 

 p 0.998 0.251 0.150 0.153 

Lateral 
Flexion 

 
R 

r 0.095 0.096 0.099 0.136 
 p 0.534 0.530 0.518 0.371 
 

L 
r 0.125 0.055 -0.076 0.005 

 p 0.413 0.720 0.622 0.975 

Mouth opening 
(mm) 

PMO 
r -0.147 -0.063 -0.089 -0.131 
p 0.336 0.683 0.561 0.391 

MMO 
r -0.014 -0.466 -0.212 -0.103 
p 0.926 0.001 ** 0.161 0.501 

MAMO r 0.008 -0.400 -0.246 -0.079 
p 0.958 0.007 ** 0.103 0.606 

Right-Lateral 
r -0.126 -0.180 -0.128 -0.025 
p 0.408 0.236 0.402 0.871 

Left-Lateral 
r 0.079 -0.289 0.099 0.128 
p 0.608 0.055 0.517 0.401 

*p < 0.05; **p < 0.01 1: Spearman Correlation Coefficient (r); TMD: Temporomandibular Joint Dysfunction, R; Right, L; Left, VAS: Visual Analog Scale, 
GCPS: Graded Chronic Pain Scale PMO: Painless mouth opening, MMO: Maximum Mouth Opening, MAMO: Maximum Assisted Mouth Opening 
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cervical structures. Receptors in the cervical spine 
are connected to various regions of the central 
nervous system and vestibular and visual inputs. 
Cervical dysfunction differentiates afferent input and 
may subsequently alter sensorimotor control. 
Measurable changes in cervical joint proprioception, 
postural stability, and reports of imbalance in patients 
with neck conditions can be associated with changes 
in sensorimotor control. Abnormal cervical 
somatosensory input and sensorimotor control 
should be evaluated in patients with cervical pain. 
Trauma, functional impairment of receptors, changes 
in muscle spindle sensitivity, and the broad impacts 
of pain at many levels of the nervous system can all 
modify afferent information from cervical receptors. 
Based on the evidence to date, recommendations for 
the clinical assessment and management of such 
sensorimotor control deficits in difficulties involving 
the cervical region are offered (29). Some studies that 
have evaluated the proprioception in the cervical area 
in patients with neck pain have been published, but 
there are none that do so for patients with TMD 
(30,31). Ozgoren et al. evaluated proprioception in 
patients with chronic neck pain and found significant 
results in favor of the healthy group in all directions 
except left lateral flexion (32). Treleaven et al. found 
that participants with chronic neck pain had higher 
joint position error values than healthy individuals 
(33). In a study with 64 female participants with 
chronic neck pain, Jull et al. reported that cervical 
joint proprioception was low in patients with neck pain 
(34). De Vries et al. examined cervical proprioception 
in people with neck pain using the SEPT test and 
reported that proprioception in those with neck pain 
was worse than in healthy individuals (35). Civelek et 
al. stated that cervical proprioception and head-eye 
coordination disorder due to receptor dysfunction in 
patients with cervical region problems should be 
evaluated after the patients exercise and that 
increasing sensorimotor input is beneficial for these 
patients; other recent studies also support these 
results (36). If we consider TMD problems to be a part 
of cervical problems, the results of the present study 
are similar to those of previous studies. Lendraitiene 
et al. and De Laat et al. found that cervical joint ROM 
was lower in patients with TMD compared to healthy 
individuals (29, 24). In the present study, except for 
the flexion and extension ROM measurements in the 
cervical region, the TMD group had less ROM than 
healthy controls. Because of unilateral mastication  

and occlusion problems in individuals with TMD, the 
masticatory and as well cervical muscles and joint 
structures are overloaded, and joint movement 
limitation may develop accordingly. In addition, 
muscular connection between the head, neck and 
jaw, forward head posture, and changes in the activity 
of masticatory muscles also influence the vertical and 
horizontal position of the mandible and vice versa. 
However, the present study found no limitation of 
sagittal plane movement (flexion-extension), despite 
other cervical movement loss. This may be due to 
individual disease related differences such as 
duration of dysfunction, unilateral or bilateral 
involvement, painful areas.There is a need for studies 
that will evaluate jaw, head, neck posture and joint 
range of motion in detail by increasing the number of 
samples. 
Studies have shown that TMD-related pain, 
psychological problems, and limitation of jaw 
movements may negatively affect the patients’ QoL. 
Patients have difficulty in performing basic tasks, 
such as speaking and chewing, especially due to the 
limitation of mandibular movements (37). Armijo-
Olivo et al. reported that cervical joint restriction 
affects the limitation of jaw joint movement in patients 
with TMD (38). Shiozaki et al. reported that the ROM 
in the cervical region and mouth was lower in 
individuals with TMD compared to healthy individuals 
(39). La Touche et al. examined the effect of cervical 
posture on mouth opening and pain pressure 
threshold in TMD (40). It concluded that worsen 
cervical posture reduces the mouth opening of the 
TMJ and surrounding muscles. In the present study 
as well, mouth opening measurements were 
evaluated in the study groups and similar results were 
obtained.  
To the best of our knowledge, this study is the first to 
evaluate proprioception during cervical movements in 
individuals with TMD. One of the limitations was we 
did not the subclassifications (arthrogenic, myogenic, 
mixed) according to the DC/TMD classification 
because of clinical conditions did not allow it. In 
addition, postural evaluations of the head, neck, and 
spine could have increased the quality of the present 
study, especially considering that it may affect the 
participants’ perception of body schema. And also, 
disease related or jaw-specific questionnaires for 
assessment of pain or functionality could be 
beneficial. 
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CONCLUSION 
In summary, this case-control study compared 
functional and sensory variables of the cervical region 
between healthy participants and patients with TMD. 
TMD patients presented a lower PPT, less accurate 
head repositioning, and some impairment in cervical 
range of motion. These findings emphasize the 
importance of considering functional and sensory 
variables of the neck when evaluating and treating 
patients with TMD. 
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INTRODUCTION 
Problems following limb amputation can result in 
insufficiencies that impact the daily living activities of 
affected patients across different dimensions, 
potentially causing these individuals to become 
completely or partially physically, economically, and 
socially dependent Phantom Limb Pain (PLP) is a 
common chronic problem following amputation (1). 
PLP is defined as the experience of pain in a non-
existing extremity and the sensation that an 
amputated extremity is still in place following 
amputation. The incidence of PLP following 
amputation is reported to be 49–83%. This subject is 
worth examining since post-amputation pain can 
result in functional limitations due to limb loss and can 
reduce quality of life among affected patients (2-4).  

The severity of pain resulting from PLP is based on 
believing the severity of pain reported by the affected 
patient. However, patients may not be able to express 
their pain objectively due to various social and 
psychological factors. Therefore, the level of severity 
of the pain should be evaluated using objective pain 
scales whenever possible. This indicates the 
importance of using objective pain scales when 
evaluating the level of pain experienced as a result of 
PLP (4). 
Pain perception, diagnoses, and reactions to pain 
vary from person to person. For this reason, the 
patient’s pain assessment should be undertaken by 
taking a detailed anamnesis, continuous close 
observation, and the use of appropriate measurement 
tools. Pain is a difficult phenomenon to evaluate and 

ABSTRACT 
Purpose: The aim of this study was to develop a valid and reliable scale to evaluate and measure phantom 
limb pain. 
Material and Methods: This study, which was designed in a methodological type, was conducted with a 
total of 258 patients. A demographics form and a draft scale developed by the research authors were used 
to collect the study data. Kuder-Richardson Formula 20 was used to provide descriptive statistics and 
reliability analyses for the study data. Exploratory Factor Analysis was used in the development of the 
phantom limb pain rating scale, and Reliability and Confirmatory Factor Analysis were used for the study’s 
validity and reliability evaluations. 
Results: The Kuder-Richardson 20 value, which shows the internal consistency of the questions of the 
16-item the rating scale, was found to be 0.921. The total score of the rating scale ranged from 1 to 16, 
with an average of 11.19±4.94. It was determined that the fit criterias and corrected chi-square values 
showed acceptable fit, and that the scale was both statistically significant and valid (p=0.001; p<0.01). 
Conclusion: The self-reported scale developed in this study was found to be a reliable and valid 
measurement tool for evaluating phantom limb pain in affected patients. 
 
Keywords: Amputation, Pain Measurement, Phantom limb pain, Scale, Pain. 
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manage due to its subjective nature (1). The first step 
in pain management, which is one of the most 
important components of a holistic approach to 
nursing care in surgical nursing, is to increase the 
quality of care through accurate diagnosis, the 
continuous evaluation of pain, and to offer a 
systematic approach to relieve the individual’s pain 
through successful pain management. The 
management of PLP poses a challenge for nurses, 
patients, and the patient’s relatives when evaluated 
together with the psychosocial adjustment problems 
experienced by the patient following limb amputation 
(1,2,5). As there is no validated and reliable scale for 
the diagnosis of PLP in particular, previous studies on 
PLP use general pain-rating scales. 
 
MATERIAL AND METHODS.  
This study was designed and conducted as a 
methodological study to develop a valid and reliable 
scale to evaluate PLP in patients who underwent limb 
amputation for any reason. 
Study data were collected between 29 March and 10 
May 2021 in a training and research hospital. Before 
starting the research, ethics committee approval 
(Decision Date: 07.01.2021, No: 2019/158) was 
obtained from the Social and Humanities Studies 
Ethics Committee of Istanbul University-Cerrahpaşa 
Rectorate. Patients were informed that participation 
in this research was voluntary, and informed consent 
was obtained. 
Inclusion criteria for patients were as follows: aged 18 
years or over; without communication problems; had 
undergone major limb amputation within the past 1–5 
years to exclude stump pain and incision pain; 
experienced PLP of a severity of at least 3 out of 10 
according to the Numeric Rating Scale (NRS), and 
voluntarily agreed to participate in this study. Patients 
who met these inclusion criteria participated in this 
research. Those without PLP, those with an NRS 
score below 3, and those with incision and stump pain 
(n=83) were excluded. 
The study population consisted of 442 patients who 
underwent amputation between January 1, 2015 and 
December 31, 2020 in the Orthopedics and 
Traumatology Clinic of a training and research 
hospital in Istanbul. The study sample was 
determined to be at least ten times the number of 
items, considering the number of items in the scale 
and since this number of items should be determined 
as 5-10 times. Of the 442 patients, 23 could not be 
reached due to incorrect phone numbers, and 48 

people could not be interviewed because they had 
died. 30 people who experienced phantom limb pain 
were not included in the sample because a pre-study 
was made and the questions were modified as a 
result of the pre-study. 83 of 341 people were 
excluded from the study because they did not have 
phantom limb pain. 258 patients, who experienced 
PLP and whose pain severity was 3 or above out of 
10 according to NRS (scores from 3 to 4 indicate mild 
pain), comprised the study sample. 
Research data were collected using the 
demographics form and the revised Phantom Limb 
Pain Rating Scale, which was developed by the 
authors of the present study based on previous 
studies in the literature. 
 
Demographics Form: The Demographics Form 
consists of 26 questions created in line with the 
literature (1,3,5-10). 
 
Phantom Limb Pain Rating Draft Scale: The 
statements in the draft scale were designed as a 36-
question form evaluating PLP by using information 
from the literature and the opinions of expert 
academics who were expert in their field. First, a 
question pool was created within the scope of the 
related literature, after which the opinions of the 
researchers and their colleagues were used to 
determine the surface validity of those question pool 
items. The content validity of the 36-item draft scale 
was determined through examination and evaluation 
by the faculty members of the nursing faculty and 
those related branches of the institution with which 
the researchers were involved (1-10). Subsequently, 
Turkish grammar experts were consulted and the 
Davis technique was used to correct any language 
and spelling errors in the prepared version. The 
resulting version was sent via e-mail to five experts 
for evaluation. A value of 0.80 was accepted as a 
criterion for Content Validity Index (CVI) (11). The 
16th question, the CVI value of which was found to be 
0.60, was therefore removed from the draft scale. 
Consequently, the final draft scale comprised as 35 
items and included those corrections suggested in the 
expert evaluation. 
Before determining the validity of the scale, a 
preliminary study of the scale was undertaken by the 
researcher who distributed the scale to 30 
participants. In this preliminary study, those scale 
questions participants had difficulty understanding 
were corrected (11 items out of a total of 26–36 
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items), thereby improving and ensuring the clarity of 
all scale questions. The wording of several questions 
were changed; for instance, “the pain in my 
amputated limb lasts for hours”, “the pain in my 
amputated limb lasts for days”, “my pain in my 
amputated limb lasts for weeks”, “the pain in my 
amputated limb lasts for months”, and “the pain in my 
amputated limb lasts for years” were changed and 
amalgamated into a single item: “the pain in my 
amputated limb is constant”. With this arrangement, 
the number of scale items was reduced from 35 to 24. 
After the pre-study had been repeated through test–
retest, the 24-item draft scale was then applied to the 

study sample (11) The test-retest reliability coefficient 
was determined to be 0.83 and acceptable (Figure 1).   
The Number Cruncher Statistical System Utah, USA, 
2007 (NCSS) program was used to conduct the 
study’s statistical analysis. Descriptive statistical 
methods (mean, standard deviation, median, 
frequency, ratio, lowest value, highest value) were 
used to evaluate the study data. The conformity of the 
quantitative data to the normal distribution was tested 
using the Kolmogorov–Smirnov test, the Shapiro–
Wilk test, and graphical evaluations. The Mann–
Whitney U test was then used to compare two groups 
of data that did not show normal distribution, the 

 

 
Figure 1. Implementation of the Research 

 
 
 

Validity and reliability analyses of the final version of the 16-item scale were performed.

It was statistically decided to collect the scale questions in 16 items and to answer them as "strongly 
disagree" and "agree" rather than 5-point Likert type and factor analysis was performed.

The 24-item draft scale was administered to a total of 258 people, at least 10 times the number of 
items.

After a pre-study with 30 people, the way of asking the items that caused confusion was changed 
and the 35-item draft scale was collected in 24 items.

A pre-study of the 35-question draft scale was conducted with 30 participants and the patients who 
underwent the pre-study were not included in the study.

In line with the expert opinions, the 36-item draft scale questions were reorganized according to the 
"content validity index-CVI" values and question 16 (CVI=0.6) was removed from the draft scale.

The 36-item draft scale was submitted to the expert opinion of 5 experts in the field.

Draft scale items were created in line with the literature (36 items).
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Kruskal–Wallis test was used to compare groups of 
three or more groups that did not show normal 
distribution, and the Bonferroni–Dunn test was used 
for pairwise comparisons. Spearman’s correlation 
analysis was used to evaluate the relationships 
between the variables that did not show normal 
distribution; the Wilcoxon signed-ranks test was used 
for in-group comparisons of parameters that did not 
show normal distribution. Exploratory factor analysis 
was used in the development of the phantom-limb 
pain rating scale, and Reliability Analysis and 
Confirmatory Factor Analysis (AMOS) were used for 
the validity and reliability evaluations of the study 

data. Statistical significance was evaluated at the 
p<0.05 level. 
 
RESULTS 
The sociodemographic characteristics of the patients 
participating in the study are presented in Table 1. 
 
Phantom Limb Pain Rating Scale Factor Analysis 
Results 
There are 16 items in the PLP rating scale. Data 
obtained from the scale were analyzed using 
exploratory factor analysis (EFA). The results of the 
PLP rating scale Kaiser–Meyer–Olkin (KMO) and 
Bartlett’s test are presented in Table 2. This single 

Table 1. Demographic characteristics of patients (N=258) 
 

Socio-Demographic 
Characteristics 

 n % 

Gender Female 82 31,8 
 Male 176 68,2 
Age (years) 18-35 years 19 7,3 
 36-55 years 70 27,1 
 56-75 years 143 55,4 
 ≥ 76 years 26 10,1 
Cause of Amputation Vascular Diseases 32 12,4 

Diabetes Mellitus 128 49,6 
Traffic accident 40 15,5 
Other 58 22,6 

Amputated Limb Under the knees 152 58,9 
Above knee 47 18,2 
Below the elbow 35 13,6 
Above elbow 12 4,6 
Multiple limbs 12 4,7 

Postoperative Phantom Pain 
Intensity 

Median (Lowest-Top) 7 (3-10) 
Mean±SD 6,95±2,12 
   

        SD: Standard Deviation 
 
Table 2. Phantom limb pain rating scale Kaiser-Meyer-Olkin and Bartlett Sphericity Test results and 
factor analysis Eigen Values and announced total variance results 
 

Kaiser-Meyer-Olkin Sample Adequacy Measurement  0,894 
Bartlett Test of Sphericity Chi square 2238,085 
 Degrees of freedom 120 
 Significance 0,001 
    Sum of Eigen values Variance % Total Variance % 

Factor 1 7,395 46,217 46,217 
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factor explains 46.217% of the variance of the 
PLPRS. When the factor weights related to the factor 
analysis of the PLP rating scale were examined it was 
found that the lowest value was 0.483 and the highest 
value was 0.815. 
 
Phantom Limb Pain Rating Scale Validity and 
Reliability Analysis Results 
The Kuder–Richardson 20 (KR-20) value was used to 
test the reliability of the scale. The “Alpha if Item 
Deleted” value was then calculated to determine the 
extent and direction of the effect questions had on this 
value (11,12). Alpha if Item Deleted values show the 
internal consistency of the remaining variables when 
any variable is deleted. When the KR-20 values of the 
table were examined, it was determined that 
removing any item from the factor would not increase 
the reliability. In this framework, the single factor 
structure was preserved (Table 3).  
The KR-20 value, which indicates the internal 
consistency of the questions of the PLP rating scale, 
was found to be 0.921. Accordingly, the scale was 
determined to be highly reliable. The total score of the 
PLP assessment scale was 1–16, with a mean score 
of 11.19±4.94 (Table 4). 
 

Phantom Limb Pain Rating Scale Confirmatory 
Factor Analysis Results 
Figure 2 presents the standardized loads of questions 
comprising the single dimension of the PLP rating 
scale resulting from the confirmatory factor analysis. 
On examination of the model results, it was revealed 
that the Root Mean Square Error of Approximation 
(RMSEA) fit criterion was 0.089, showing an 
acceptable fit. Among the other fit criteria, Normed Fit 
Index (NFI) was found to be 0.90, Relative Fit Index 
(RFI) 0.85, Standardized Root Mean Square Residual 
(SRMR) 0.055, Goodness of Fit Index (GFI) 0.90, and 
Adjusted Goodness of Fit Index (AGFI) 0.85; 
accordingly, acceptable fit was determined for all the 
results. In addition, it was determined that the 
corrected chi-square value (3.0) showed acceptable 
fit, the PLP rating scale had an acceptable fit, and that 
the scale was statistically significant and valid 
(p<0.01). 
 
DISCUSSION 
PLP is known to be difficult to assess and treat. The 
major challenge in the management of a PLP is the 
difficulty in assessing PLP symptoms due to the 
physical absence of the affected body part (12). 
Therefore, good observation and anamnesis should 
first be taken after amputation and/or nerve injury to 
identify phantom pain and evaluate how it occurs and 
what affects this pain (13,14). Other studies in the 
literature show that patients who are being treated for 
a chronic disease do not express their pain unless 
explicitly asked about its severity (15,16). Scales 
have been developed for the assessment of pain in 
critically ill patients; however, these have not been 
validated for use in patients with phantom pain. 
Accordingly, the scale designed in the present study 
was developed with the aim of creating a pain 
assessment system through which patients with PLP 
could clearly and easily describe their pain for the 
improvement of pain management. 
The experience of PLP is expressed differently in 
each individual and a patient may experience more 
than one type of PLP. All PLP complaints are 
expressed as one of the following sensations: a 
stabbing pain, a burning-like stabbing pain, pins and 
needles, tingling, cramps, itching, contraction, 
compression, an electric shock, a stinging, a 
temperature increase, or a cold throbbing and 
sensation. It is difficult to state which of these is the 
most commonly experienced (1,5,15,16). In the 
present study, it was found that “as if someone is  

 
Figure 2. Confirmatory factor analysis of the 
phantom limb pain rating scale (Q: Question) 
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Table 3. The Effects of the Items Forming the Factors of the Phantom Limb Pain Rating Scale on Reliability 

 

 Scale mean 
when the item 

is deleted 

Scale variance 
when item 

deleted 

Corrected item-
total correlation 

KR-20 when 
item deleted 

My pain in my amputated limb is 
throbbing (Q1) 

10.438 22.037 0.534 0.919 

My pain in my amputated limb is a 
feeling of pulling (Q2) 

10.558 20.808 0.761 0.912 

I have pain in my amputated limb as if 
stabbing with a knife (Q3) 

10.492 21.488 0.632 0.916 

The pain in my amputated limb 
seems to have become stiff (blunt) 
(Q4) 

10.574 20.736 0.771 0.912 

I have pain like electric shock in my 
amputated limb (Q5) 

10.430 22.114 0.521 0.919 

The pain in my amputated limb is like 
burning (Q6) 

10.562 21.002 0.712 0.914 

I have pain like crushing in my 
amputated limb (Q7) 

10.566 20.924 0.729 0.913 

I have pain like someone is drilling 
my amputated limb (Q8) 

10.512 21.208 0.689 0.914 

My pain in my amputated limb is 
aching (Q9) 

10.465 21.931 0.540 0.919 

I'm in pain like my amputated limb is 
torn into pieces (Q10) 

10.512 21.457 0.627 0.916 

I have pain as if my amputated limb is 
cutting right now (Q11) 

10.419 22.058 0.547 0.918 

I feel sharp pain in my amputated 
limb (Q12) 

10.426 22.152 0.515 0.919 

In my amputated limb, my pain is in 
the form of cold/coldness/freezing 
(Q13) 

10.457 21.782 0.584 0.917 

I have pain as if my amputated limb is 
cramped (Q14) 

10.446 21.859 0.574 0.918 

I have pain like my amputated limb is 
stuck somewhere (Q15) 

10.547 20.887 0.747 0.912 

I have pain in my amputated limb as if 
ants are lurking (Q16) 

10,446 22,427 0,429 0,922 

  Q: Question 
 
 
 
Table 4. Distribution of Phantom Limb Pain Rating Scale Internal Consistency Value and Scores 

 
Number 
of Items 

Top-bottom 
(Median) 

Mean±SD KR-20  

Phantom limb pain assessment 
scale total score 16 1-16 (14) 11.19±4.94 0.921 

 SD: Standart Deviation      KR-20: Kuder-Richardson 20 
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cutting right now” was most frequently reported 
among patients’ expressions of PLP experiences, 
which support the results of existing studies in the 
literature. 
It is important that both healthcare professionals and 
patients have knowledge about the assessment tool 
used to measure PLP, that they understand PLP 
measurement scales, and that they can easily and 
practically use these scales. In particular, the 
patient’s knowledge of how to use one-dimensional 
scales determining the severity of their pain, and their 
perceptions and responses to these measurement 
tools, depend on the selection of the correct scale 
(12).  
Since there is no specific scale to evaluate PLP in the 
literature, general pain assessment scales were used 
in the studies (1-4). It was designed with the thought 
that it would be easier to design a pain scale in the 
evaluation of phantom pain in clinical practice than 
with existing pain scales and that patients would be 
successful in pain management. It is stated in the 
literature that applying a draft scale prepared for use 
with a small representative sample group will be 
beneficial; therefore, it will be beneficial to conduct a 
preliminary study (17). In the present study, the 
preliminary application of the 35-question draft scale 
was carried out with 30 patients before the validity 
application of the scale commenced. With this pre-
application, corrections were made to those 
questions that were difficult to understand and, as a 
result, the clarity of the questions was improved and 
ensured. Test–retest was performed on the same 
patients with an interval of 2 weeks, and surface 
validity was ensured by testing the comprehensibility 
of the draft scale, with 24 items evaluating PLP; this 
24-item scale was also prepared by consulting the 
opinions of expert academics. The test-retest 
reliability coefficient was determined to be 0.83 and 
acceptable. 
Two prerequisites were determined regarding the use 
of the draft scale: first, that the patient evaluated the 
PLP according to a NRS evaluation, ranging from 0 
(no pain) to 10 (unbearable pain), with values of 3 or 
above (mild pain) indicting PLP; second, that the 
patient was able to clearly express their experience 
of PLP while differentiating it from other pain. When 
pain becomes chronic, after three to six months of 
acute pain, the pain can become centralized. A lower 
threshold for experiencing pain is required for 
centralized pain. Lowered thresholds are 
problematic. Pain is an adaptive response to a 

stimulus that is painful. A lower threshold for pain 
subjectively means that pain can be experienced from 
non-painful stimuli (allodynia), or mildly painful stimuli 
can be experienced as severe pain (hyperalgesia). 
Central pain is the maladaptive type of pain. 
Neuropathic pain is a disorder of the somatosensory 
pathway of the nervous system, not the spinothalamic 
pathway (18,19). Central and neuropathic pain often 
occur together but are not mutually exclusive. 
Neuropathic pain may be both peripheral and central. 
Centralized and neuropathic pain are both considered 
functional (pain) gains. Both play a role in the 
development of chronic pain (20,21). Incongruence 
between motor intention and sensory feedback and 
corresponding activation of parietal and frontal brain 
areas may be involved in painful sensations such as 
PLP (22). Therefore, the physiopathology of pain 
perception does not show major differences, and the 
Phantom limb pain rating scale in its current form 
does not focus on the type of pain (nociceptive, 
nociceptive, nociciplastic or neuropathic), but allows 
for a unidimensional assessment of pain through self-
report. It was also analyzed that it would be 
appropriate to answer only as "agree" or "strongly 
disagree" instead of a 5-point Likert-type rating, since 
the prerequisite for the scale was that the current pain 
was at least 3 according to the NRS. 
It is recommended that a study sample size should be 
5–10 times greater than the number of items used in 
the data-collection scale or tool as this will ensure 
validity and reliability of the study data and the 
analysis of those data (23,24). In the present study, 
the number of items in the draft scale was 24; 
accordingly, the study sample size should comprise 
240 participants. The number of patients in the 
present study who experienced PLP with a severity of 
3 or above was 258, thereby corroborating their 
reliability and validity. 
The factor analysis method is mostly used to evaluate 
whether items in the scale will be grouped under 
different dimensions; it is divided into two groups: 
explanatory factor analysis and confirmatory factor 
analysis (23,24). EFA was used in the statistical 
analysis of the PLP rating scale. When varimax 
rotation was applied in the exploratory factor analysis, 
it was determined that the questions were gathered 
under a single factor and the explanatory coefficient 
was 46.22%.  
The KMO value is normally between 0–1 and should 
be close to 1 for factor analysis to be performed. 
Although it is considered sufficient for the KMO 
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coefficient to be above 0.60, values of 0.80 or above 
are more desirable (11,24). The KMO sample 
adequacy measurement value of the present study 
was determined to be 0.894, a very good value for 
analyzing the study’s sample. 
Bartlett’s sphericity test is used to evaluate the 
universal significance of the correlation matrix found 
by the exploratory factor analysis. Bartlett’s test 
revealed a p value of less than 0.05, indicating that 
the correlation matrix is suitable for factor analysis 
(11). Bartlett’s sphericity test was used to determine 
if the correlation matrix is a similar matrix. This value 
was rejected at the p<0.001 level, thereby 
demonstrating the existence of a relationship 
between the items and the suitability of the data for 
factor analysis (12). 
Eigen values and total variance were then analyzed 
according to the scale analysis results. This single 
factor explains 46.217% of the variance of the PLP 
rating scale. Higher variance rates obtained as a 
result of the analysis reflect a stronger factor structure 
of the scale (17,23,24). For the present study, the 
variance rate was found to be 46.2%. According to 
the eigenvalues it was determined that the factors 
would be collected in one dimension. In health 
sciences, a higher variance ratio may be more 
appropriate due to the potential for greater 
heterogeneity in patient populations and treatment 
outcomes. However, it is essential to note that there 
is no universally accepted threshold for a strong 
factor structure in health sciences, and the 
appropriate variance ratio will depend on the specific 
context and the nature of the data being analyzed. In 
summary, while a variance ratio between 40% and 
60% is often considered sufficient in social sciences, 
a higher threshold may be more appropriate in health 
sciences. The specific threshold should be 
determined based on the nature of the data and the 
context of the analysis (25-27). This suggests that no 
generally accepted threshold for a strong factor 
structure exists in the health sciences, and that the 
appropriate proportion of variance is dependent on 
the specific context and nature of the data under 
analysis. 
The KR-20 reliability coefficient is expressed as a 
weighted standard variation obtained by dividing the 
sum of the variances of all items in the scale by the 
general variance. A KR-20 value of 0.90 or above is 
considered “highly reliable” (24). One of the fit criteria, 
RMSEA, represents the approximate square root of 
the means “It takes a value between zero and 1”. An 

RMSEA below 0.05 indicates a good fit, an RMSEA 
value below 0.08 indicates a fair value, and an 
RMSEA value of 0.08–0.10 indicates a moderate fit. 
RMSEA values above 0.10 are not acceptable. “In 
addition, factor loads are required to be above 0.30. 
Factor load values of 0.60 and above are high; load 
values of 0.30–0.59 can be defined as of medium 
magnitude” (11,24). The RMSEA fit criterion in the 
study was 0.089, which showed acceptable fit. 
Acceptable fit was also determined in NFI (0.90), RFI 
(0.85), SRMR (0.055), GFI (0.90), and AGFI (0.85), 
among other fit criteria. 
For a model to be acceptable, the fit criteria chi-
square value should not be statistically significant. 
This is due to the fact that the chi-square value is 
sensitive to the sample size. Instead, the chi-square 
value were evaluated by dividing it by degrees of 
discretion. Values of 2 or less show that the model is 
good; values of 5 or less show that the model has an 
acceptable fit (24). In the present study, the corrected 
chi-square value was determined as 3 and therefore 
showed an acceptable fit. According to the fit criteria, 
the PLP rating scale was found to have an acceptable 
fit, and the scale was found to be statistically 
significant and valid (p<0.01). 
Pain rating scales can help healthcare providers gain 
a better understanding of certain aspects of a 
person's pain, such as the duration, severity, and type 
of pain. Pain rating scales can also help healthcare 
providers with accurate diagnosis, treatment 
planning, and measurement of treatment 
effectiveness. By consistently using a pain scale to 
monitor symptoms, feelings, and sensations, people 
can explain the nature, severity, and duration of their 
pain when communicating with healthcare providers, 
which helps them receive the best possible treatment. 
Pain scales also help healthcare providers assess 
how each person feels on an individual, case-by-case 
basis (12-16,28). 
 
CONCLUSION 
This self-report-based scale, which was developed to 
evaluate the PLP of individuals who experienced PLP 
after amputation, was determined as a valid and 
reliable measurement tool. It is recommended that 
the scale is used by nurses employed in surgical units 
for the evaluation of the pain of patients with PLP. 
 
Limitations 
The limitations of the study include the inability to 
conduct face-to-face interviews with patients due to 
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the Covid-19 pandemic, thus the stump area of the 
limb could not be examined by the researcher, and 
the inability to compare this scale with other similar 
pain scales due to the lack of a pain assessment 
scale to evaluate phantom limb pain before. 
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INTRODUCTION 
Aging is a complex process encompassing biological, 
psychological, and social changes. As a 
consequence of alterations occurring during the aging 
process, both physical and mental capacities tend to 
decline (1). The ability to adapt to environmental 
factors diminishes with aging, increasing the 
susceptibility to various illnesses (2). The global 
population is rapidly aging due to the substantial 
increase in the number of elderly individuals (3,4). 
This demographic shift on a global scale is attributed 
to factors such as the extended life expectancy, 
reduced fertility rates, and lowered mortality rates (5). 

Presently, the proportion of the population aged 65 
and above is 9.8% worldwide and 9.7% in Turkey. It 
is projected that by 2050, this proportion will reach 
approximately 22% globally (6). Societies undergoing 
changes due to aging find it difficult to adapt to this 
demographic structure (4). As the proportion of 
elderly individuals in the population rises, issues like 
ageism are expected to escalate (7). The presence of 
marginalized attitudes towards elderly individuals 
within society, the perception that elderly individuals 
should live separate from the broader community, 
and the lack of respect for their values and attitudes 
are labeled as ageism (8). Ageism leads individuals 

ABSTRACT 
Purpose: The aim of this study was to determine the attitudes of students towards the elderly and the 
associated factors. 
Material and Methods: The population of this cross-sectional study consisted of 660 students attending 
a high school during the 2021-2022 academic year. No sample was selected; it was aimed to reach the 
entire population. The dependent variable in the study is the attitude towards the elderly, determined using 
the Positive and Negative Ageism Scale. The independent variables consist of socio-demographic 
characteristics and experiences related to the elderly. Data was collected through a self-administered 
questionnaire and analyzed using the Mann Whitney U test and Kruskal Wallis Analysis of Variance. 
Results: A total of 509 students participated in the study. The mean Positive and Negative Ageism Scale 
scores of the students were found to be 44.3±6.7 and 36.6±5.9, respectively.  The Positive and Negative 
Ageism Scale scores were found to be significantly higher among students involved in projects related to 
elderly health (p=0.034, p=0.049), those who intend to live with their parents  (p=0.010, p<0.001), and 
those who wish to work with elderly individuals  in the future (p<0.001, p<0.001).   
Conclusion: To mitigate students' ageism attitudes, it is recommended to organize projects and 
educational activities. 
 
Keywords: Ageism, aged, attitude, discrimination 
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to have stereotypical and prejudiced thoughts and 
attitudes solely based on age. (9,10). Ageism 
adversely impacts the health, well-being, access to 
healthcare services, and the quality of care received 
by elderly individuals (11). 
Considering the impending increase in the elderly 
population in Turkey, identifying ageism attitudes 
among particularly young individuals and discerning 
the factors behind these attitudes are of paramount 
importance. In this way, positive attitudes towards the 
elderly can be fostered among young individuals, thus 
enhancing interactions and cohesion between the 
young and the elderly (8-12). The majority of ageism 
studies in the literature have centered around 
undergraduate students in health sciences, such as 
medical and nursing students, who are expected to 
play a role in healthcare service delivery, as well as 
students in programs related to elderly care at the 
associate degree level (13-20). There is a lack of 
research assessing the attitudes of secondary school 
students towards the elderly. The evaluation of 
attitudes towards the elderly among high school 
students having education in healthcare services is 
particularly crucial since a considerable portion of 
them are expected to pursue degrees in health 
sciences at the undergraduate and associate degree 
levels in the future. Thus, this study has been 
designed to reveal the attitudes of high school 
students having education in healthcare services 
towards the elderly and the factors influencing these 
attitudes. 
 
MATERIAL AND METHODS 
 
Research Type, Setting, and Time 
This cross-sectional study was conducted during the 
academic year 2021-2022 at a high school in the 
Meram District of Konya Province, where healthcare 
education is given. 
Research Population and Sample  
The population of the study comprised 660 students 
attending a high school in the Meram District of Konya 
Province during the academic year 2021-2022. No 
sampling was conducted for the research since the 
aim was to reach the entire population. The school 
offers programs in the field of healthcare services, 
specifically in the areas of nursing assistantship, 
midwifery assistantship, and health care technician 
training. 
 
 

Data Collection Process 
The data was collected using a pre-prepared 
questionnaire administered through the self-
administration method. The independent variables of 
the study were the socio-demographic characteristics 
of both students and their parents, the status of living 
with elderly individuals, students' future preferences 
regarding living or working with elderly individuals, 
and their prior involvement in projects related to 
elderly health. The dependent variable of the 
research was students' attitudes towards the elderly, 
assessed using the Positive and Negative Ageism 
Scale (PNAS), developed by Yurttaş and Sarıkoca 
(21). The PNAS comprises two subscales consisting 
of a total of 23 items, rated on a 5-point Likert type 
scale. The Positive Ageism (PA) subscale comprises 
13 items, with higher scores indicating higher levels 
of positive attitudes. Conversely, the Negative 
Ageism (NA) subscale consists of 10 items, where 
higher scores signify lower levels of negative 
attitudes. The Cronbach's alpha of the PNAS was 
found to be 0.80 in the original study. It was found to 
be 0.79 in this study. 
 
Data Analysis 
The SPSS version 25.00 was employed for data 
analysis. Descriptive statistics were presented in the 
form of means, standard deviations, and percentage 
distributions. The Kolmogorov-Smirnov test was 
employed to assess the normality of the data 
distribution. For data that did not conform to a normal 
distribution (p=0.006), non-parametric tests including 
the Mann Whitney U test and the Kruskal Wallis 
Analysis of Variance were utilized. The Bonferroni 
correction Mann Whitney U test was performed as a 
post-hoc test. Spearman's correlation analysis was 
employed to assess the linear relationship between 
parental age and the mean PNAS scores. 
 
Ethical Considerations 
Permission for the use of the PNAS scale was 
obtained from the author. Ethical approval was 
obtained from Dokuz Eylül University Non-Invasive 
Research Ethics Board (Decision Date: 06.04.2022, 
No: 2022/13-11), and institutional permission was 
obtained from the Konya Provincial Directorate of 
National Education (Date: 29/04/2022, Number: E-
83688308-605.99-48873873). Furthermore, the 
students and their parents were informed about the 
purpose of the study, and written informed consent 
was obtained from them. 424 
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 Table 1. Socio-demographic characteristics of the students 
Characteristics  n                                                         % 
Gender (n=509) Female 380 74.7 

Male 129 25.3 
Grade (n=509) 9th 121 23.8 

10th 158 31.0 
11th 141 27.7 
12th 89 17.5 

Place of residence (n=509) With family 503 98.8 
Dormitory 6 1.2 

Longest place of residence (n=509) City 470 92.3 
Rural area 39 7.7 

Family type (n=509) Nuclear family 427 83.9 
Extended family 57 11.2 
Split/single-parent family 25 4.9 

Family's Perception of Income-Expenditure (n=509) Income more than expenses 80 15.7 
Income equal to expenses 304 59.7 
Income less than expenses 125 24.6 

Mother’s level of education (n=509) Illiterate 7 1.4 
Literate 6 1.2 
Primary school 281 55.2 
Middle school 123 24.2 
High school 71 13.9 
University 21 4.1 

Father’s level of education (n=509) Illiterate 1 0.2 
Literate 4 0.8 
Primary school 179 35.2 
Middle school 127 25.0 
High school 139 27.3 
University 59 11.6 

Mother’s occupation (n=509) Not Working and Not Seeking Employment 
(Housewife) 

402 79.0 

Wage-earning worker 62 12.2 
Daily laborer 14 2.8 
Civil servant 8 1.6 
Not Working and Seeking Employment 7 1.4 
Self-Employed (Does not employ workers) 6 1.2 
Employer 5 1.0 
Other (Passed away) 3 0.6 
Retired 2 0.4 

Father’s occupation (n=509) Wage-earning worker 274 53.8 
Employer 61 12.0 
Self-Employed (Does not employ workers) 56 11.0 
Retired 35 6.9 
Civil servant 29 5.7 
Daily laborer 25 4.9 
Other (Passed away) 12 2.4 
Not Working and Not Seeking Employment 8 1.6 
Not Working and Seeking Employment 5 1.0 
Other (Farmer) 4 0.8 

Participation in the eTwinning Project titled “Geriatric Aspects of 
Patient Care” (n=509) 

Yes 16 3.1 
No 493 96.9 

Having Lived with an Elderly Family Member (n=509) 
  Yes     

236 
46.4 

No 273 53.6 
Desire to Live with Parents in the Future (n=508) Yes 248 48.7 

No 260 51.1 
Desire to Work in a Nursing Home or Elderly Care Facility in the 
Future (n=509) 

Yes 297 58.3 
No 212 41.7 

Desire to Work with Elderly Individuals as a Colleague (n=509) Yes 319 62.7 
No 190 37.3 
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RESULTS 
In this study, the data of 509 students were 
presented, which accounted for 77.1% of the total 
population. About 31% of the sample consisted of 
11th graders, and approximately 75% were female 
students. The vast majority of the participants 
(92.3%) resided in urban areas. The average age of 
the students' mothers was 42.1±5.3 (32.0-60.0), and 
the average age of their fathers was 45.5±5.9 (34.0-
70.0). The socio-demographic characteristics are 
presented in Table 1. 

The ways the participants define old age, reasons for 
not wanting to work in nursing homes or elderly care 
facilities in the future, and reasons for not wanting to 
work as colleagues with elderly individuals in the 
future are presented in Table 2. Among the students 
in the sample, 53.6% expressed negative 
connotations in their definitions of old age, and 13.4% 
characterized it as illness. The mean score of the 
students on the Positive Ageism (PA) subscale was 
44.3±6.7, while their mean score on the Negative 
Ageism (NA) subscale was 36.6±5.9 (Table 3). 

Table 2. Students' views on aging 
Characteristics  n                                                         % 
Definition of old age (n=453) Illness* 68 13.4 

People over 65 64 12.6 
People in need of care* 59 11.6 
End of life/ death* 53 10.4 
Grandparents 39 7.7 
Experience 30 5.9 
Being weak and exhausted* 24 4.7 
Retirement 18 3.5 
Having a difficult life* 16 3.1 
Graying hair / wrinkled skin * 16 3.1 
Moodiness* 15 2.9 
Loneliness* 11 2.2 
Nursing home 10 2.0 
Sweet/lovable people 8 1.6 
Peace 7 1.4 
Narrow-minded people* 4 0.8 
Advisors 4 0.8 
Weakening of the body* 3 0.6 
People behaving like children* 2 0.4 
Regret* 1 0.2 
Stingy people* 1 0.2 

Reasons for Not Wanting to Work in 
Nursing Homes or Elderly Care Facilities in 
the Future (n=177) 

Thinking that they will not be able to get 
along with the elderly  79 15.5 

Having different goals 59 11.6 
Thinking it would be exhausting 39 7.6 

Reasons for Not Wanting to Work with 
Elderly Individuals as Colleagues in the 
Future (n=160) 

Thinking that they will not be able to get 
along with the elderly 107 21.0 

Preferring to work with younger 
individuals 43 8.4 

Thinking they would be more exhausted 10 2.0 
* Negative Expressions Used in Defining Old Age 
 
 
 
Table 3. Students’ scores on the positive and negative ageism 

 X±SD                                                    Median Min-Max 
Positive ageism 44.3±6.7 44.0 20-62 

Negative ageism 36.6±5.9 37.0 18-50 
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The median PA scores of those residing in rural areas 
(p=0.037), who participated in the eTwinning project 
(p=0.034), those who have lived with an elderly 
individual for 5 years or more (p=0.041), those who 
want to live with their parents in the future (p=0.010), 
those interested in working in nursing homes/elderly 
care facilities, and those aspiring to work as 
colleagues with elderly individuals (p<0.001) were 

found to be significantly higher. Furthermore, female 
students (p=0.016), those who participated in the 
eTwinning project (p=0.049), those interested in living 
with their parents in the future, those who want to 
work in nursing homes/elderly care facilities, and 
those who want to work as colleagues with elderly 
individuals (p<0.001) exhibited significantly higher NA 
median scores (Table 4). 

Table 4. Positive and negative ageism scores according to students' sociodemographic characteristics -1 
Characteristics  Positive Ageism  Negative Ageism 

 X±SS                                                      Median  
(Min-
Max) 

P X±SS                                                      Median  
(Min-
Max) 

p 

Gender Female 43.9±6.8 44.0 
(20-62) 

0.051 36.9±5.9 38.0 
(18-50) 

0.016 

Male 45.4±6.5 45.0 
(29-60) 

 35.4±6.0 36.0 
(18-48) 

 

Place of residence With 
family 

44.4±6.7 45.0 
(20-62) 

0.160 36.6±5.9 37.0 
(18-50) 

0.889 

Dormitory 41.5±5.5 40.0 
(36-52) 

 36.5±4.8 35.5 
(30-43) 

 

Longest place of residence City 44.1±6.6 44.0 
(20-62) 

0.037 36.5±5.9 37.0 
(18-50) 

0.726 

Rural 
area 

46.8±7.9 47.0 
(24-60) 

 37.0±5.7 37.0 
(22-48) 

 

Participation in the eTwinning 
Project titled “Geriatric Aspects of 
Patient Care” 

Yes 47.1±8.9 49.0 
(24-59) 

0.034 39.4±3.7 39.0 
(32-45) 

0.049 

No 44.2±6.6 44.0 
(20-62) 

 36.5±6.0 37.0 
(18-50) 

 

Having Lived with an Elderly Family 
Member 

Yes 44.8±6.9 45.0 
(24-62) 

0.839 36.5±6.2 37.0 
(18-50) 

0.194 

No 44.0±6.6 44.0 
(20-59) 

 36.6±5.7 37.0 
(18-49) 

 

Having Lived with an Elderly Family 
Member for 5 years or more 

Yes 46.2±6.6 47.0 
(32-59) 

0.041 36.0±6.2 36.0 
(18-48) 

0.356 

No 44.1±7.0 44.0 
(24-62) 

 36.7±6.2 38.0 
(21-50) 

 

Desire to Live with Parents in the 
Future 

Yes 45.9±6.1 46.0 
(24-62) 

0.010 37.2±5.9 38.0 
(18-50) 

<0.001 

No 42.8±7.0 43.0 
(20-60) 

 35.9±5.8 36.0 
(20-50) 

 

Desire to Work in a Nursing Home 
or Elderly Care Facility in the Future 

Yes 45.7±6.7 46.0 
(20-62) 

<0.001 37.8±5.8 38.0 
(18-50) 

<0.001 

No 42.4±6.3 42.0 
(25-60) 

 34.8±5.6 35.0 
(18-48) 

 

Desire to Work with Elderly 
Individuals as a Colleague 

Yes 45.3±6.8 45.0 
(20-62) 

<0.001 37.3±6.1 38.0 
(18-50) 

<0.001 

No 42.7±6.4 42.5 
(25-59) 

 35.2±5.4 35.0 
(18-50) 

 

Defining Old Age with Negative 
Expressions 

Yes 44.5±6.3 44.5 
(27-60) 

0.864 36.4±5.8 37.0 
(21-50) 

0.545 

No 44.3±7.0 44.0 
(20-62) 

 36.6±6.0 37.0 
(18-50) 
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The median PA and NA scores were compared based 
on the characteristics of the sample and are 
presented in Table 5. The PA median scores of the 
9th and 11th graders are significantly higher 
compared to the 12th graders (p=0.010). Additionally, 
the NA median score of the 11th graders is 
significantly higher than that of the 9th graders 
(p=0.016). The NA median score of students whose 

mothers have an education level of high school or 
above is significantly lower compared to those whose 
mothers are illiterate (p=0.029). However, no 
significant differences were observed in PA and NA 
scores based on variables such as fathers' 
educational levels, parents' occupations, family type, 
and family's perception of income-expenditure (Table 
5). 

Table 5. Positive and negative ageism scores according to students' sociodemographic characteristics -2 
 

Characteristics  Positive ageism  Negative ageism 
 X±SD                                                      Median  

(Min-
Max) 

P X±SD                                                      Median  
(Min-
Max) 

p 

Grade 9th 44.8±6.9 45.0 
(27-59) 

0.010 35.7±6.1 36.0 
(18-48) 

0.016 

10th 44.2±5.8 44.0 
(26-57) 

 36.4±5.6 37.0 
(21-49) 

 

11th* 45.2±6.9 45.0 
(25-62) 

 37.7±6.2 39.0 
(18-50) 

 

12th  42.4±7.4 42.0 
(20-60) 

 36.2±5.6 38.0 
(21-50) 

 

Mother’s level of education Illiterate 46.1±4.0 45.0 
(40-52) 

0.139 37.6±3.7 37.0 
(32-43) 

0.029 

Literate-Primary 
school 

44.5±6.6 45.0 
(20-60) 

 36.9±5.8 38.0 
(18-50) 

 

High school and 
above 

43.2±7.3 43.0 
(25-62) 

 34.9±6.4 36.0 
(18-48) 

 

Father’s level of education 
 

Illiterate 44.0±0.0 44.0 
(44-44) 

0.751 39.0±0.0 39.0 
(39-39) 

0.444 

Literate-Primary 
school 

44.5±6.7 44.0 
(20-60) 

 36.8±5.9 37.0 
(18-50) 

 

High school and 
above 

44.0±6.8 45.0 
(25-62) 

 36.1±5.9 37.0 
(20-50) 

 

Mother’s occupation Working 44.3±7.6 45.0 
(24-62) 

0.856 36.7±6.4 36.0 
(20-50) 

0.913 

Not working 44.4±6.5 44.0 
(20-60) 

 36.5±5.8 37.0 
(18-50) 

 

Retired/ Passed 
away 

41.2±11.1 
 

42.0 
(29-53) 

 34.6±7.6 38.0 
(23-41) 

 

Father’s occupation Working 44.2±6.8 44.0 
(20-62) 

0.548 36.5±5.9 37.0 
(18-50) 

0.718 

Not working 46.5±6.1 44.0 
(40-56) 

 37.5±6.0 38.0 
(26-48) 

 

Retired/ Passed 
away 

44.9±5.8 45.0 
(29-57) 

 37.0±5.8 38.0 
(26-46) 

 

Family type Nuclear family 44.3±6.4 44.0 
(20-60) 

0.940 36.7±5.7 37.0 
(18-50) 

0.101 

Extended family 44.2±8.0 45.0 
(24-62) 

 35.0±6.6 35.0 
(23-50) 

 

Split/single-parent 
family 

44.5±8.9 44.0 
(25-59) 

 36.7±7.1 37.0 
(21-48) 

 

Family's Perception of 
Income-Expenditure 

Income more than 
expenses 

45.4±6.7 46.0 
(26-59) 

0.144 37.2±6.1 38.0 
(18-50) 

0.489 

Income equal to 
expenses 

44.4±6.7 44.0 
(20-62) 

 36.6±5.7 37.0 
(18-49) 

 

Income less than 
expenses 

43.5±6.7 44.0 
(24-59) 

 36.1±6.3 37.0 
(20-50) 
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A weak, non-significant negative relationship was 
found between the ages of students' mothers and the 
PA and NA scores (r values: -0.057, -0.033; p values: 
0.204, 0.462, respectively). Similarly, a weak, non-
significant negative relationship was found between 
the ages of students' fathers and the PA and NA 
scores (r values: -0.029, -0.016; p values: 0.521, 
0.726, respectively). 
 
DISCUSSION 
In this study, the participants' mean PA and NA 
scores were found to be lower than in the literature. 
In two studies conducted on students of health 
services vocational school using the same scale, the 
mean PA and NA scores were found to be 
approximately 3-5 points higher than our study 
(14,15). In other two studies conducted with nursing 
undergraduate students using the same scale, the 
mean PA and NA scores were also found to be 
approximately 1-3 points higher than the scores found 
in our study (19,20). When compared to the literature, 
the mean PA and NA scores in this study are 
generally slightly lower, indicating that the students in 
this study have a slightly more negative attitude. This 
might be attributed to the fact that the students in our 
study are at the high school level and there might be 
differences in their educational curricula. The lower 
scores could also be due to the fact that the study 
group consists of high school students who are still in 
their adolescence and living with their families. 
When PA scores were compared based on gender, 
no significant difference was found. However, when 
NA scores were compared based on gender, a 
significant difference was observed as female 
students were found to have significantly lower levels 
of negative ageism compared to male students. 
Similar to this study, research conducted with nursing 
students, medical faculty students, and young 
individuals have shown that, in the NA subscale, 
females exhibit more positive ageism attitudes 
compared to males (13,19,20,22). This outcome 
might be influenced by the caregiving role that women 
often hold within the traditional family structure in 
Turkish society. Some studies in the literature 
conducted with university students indicate that, 
contrary to this study, gender does not influence 
attitudes towards the elderly (14,15,23). However, 
other studies suggest that males have more positive 
ageism attitudes compared to females (24, 25). 
Among the studies in the literature, differences in 
ageism attitudes based on gender are believed to be 

influenced by factors such as the location and time of 
the study, characteristics of the research sample, 
cultural aspects, and differences in the scale used. 
When the place of longest residence was compared 
with the PA scores of the students, it was found that 
those living in rural areas exhibit more positive 
attitudes. Similarly, some studies in the literature 
demonstrated that individuals living in rural areas 
display more positive attitudes (26,27,28). While 
traditional family structures can be preserved in rural 
areas, urban areas tend to have more nuclear family 
structures. Factors such as the emergence of the 
option to place the elderly in nursing homes due to 
urbanization and changes in family structure might 
lead to a decrease in positive attitudes towards the 
elderly. No significant relationship was found between 
the place of longest residence and NA attitude in this 
study. Similar to our study, some studies report no 
relationship between the place of residence and 
attitudes towards the elderly (15,17,24,29). However, 
a study conducted with medical faculty students 
indicates that individuals living in urban areas have 
more positive ageism attitudes (13). It is stated in the 
literature, that differences in ageism attitudes based 
on the place of residence may be influenced by 
factors such as socio-cultural characteristics, 
research population attributes, and features of the 
variable categories. 
Our study revealed that the attitudes of students who 
participated in the "Geriatric Aspects of Elderly Care" 
eTwinning project are more positive compared to 
other students. The students who participated in the 
project received education on elderly health and care 
from academics. Additionally, nursing home visits 
were conducted with these students. Similar findings 
were reported in the literature, where factors such as 
nursing home visits and participation in education 
related to elderly health and care have been shown 
to enhance positive ageism attitudes (16,24,30). 
Education is considered an effective mechanism in 
fostering new approaches and positive attitudes 
among young individuals towards the elderly. 
In this study, no significant relationship was found 
between having lived with an elderly family member 
and PA and NA attitudes. Similar results have been 
observed in studies conducted with university and 
high school students (14,17,20,24,31,32). Studies 
conducted with medical and nursing students suggest 
that individuals who have lived with an elderly family 
member exhibit more positive PA attitudes (13,26). 
Our study revealed that individuals who have lived 
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with an elderly family member for 5 years or more 
show more positive PA attitudes compared to others. 
A study conducted with healthcare vocational school 
students similarly indicates that individuals who have 
lived with elderly individuals for 5 years or more 
exhibit more positive attitudes (15). In addition to 
having lived with an elderly family member, factors 
such as the identity of the family member, duration of 
cohabitation, and the nature of the relationship are 
also believed to influence PA attitudes. 
In our study, the students who expressed a desire to 
live with their parents in the future, work in nursing 
homes or retirement homes, and work as colleagues 
with elderly individuals were found to exhibit more 
positive PA and NA attitudes. This finding is 
consistent with those in the literature (13-
16,19,20,22,33). Accordingly, it is thought that 
students who have a willingness to live or work with 
the elderly demonstrate more positive attitudes 
towards aging and the elderly. Additionally, reverse 
causality may also be at play; that is, a positive view 
towards the elderly could encourage students to 
aspire to work with or care for the elderly in their 
professional lives, or to live with their parents in the 
future. These results underscore how positive 
intergenerational relationships can contribute to 
fostering positive attitudes. 
In this study, 53.6% of the students defined aging 
using negative expressions. However, no significant 
relationship was found between making positive or 
negative references to aging and ageism attitudes. 
Studies involving nursing students, doctors, and 
nurses working in intensive care units also show that 
a majority of participants tend to define aging using 
negative expressions. Nevertheless, no significant 
relationship was found between the way aging is 
defined and ageism attitudes (34,35). The formation 
of ageism attitudes is influenced not only by 
knowledge about aging but also by emotions, 
thoughts, and behaviors (17). It is believed that 
students' incomplete or inaccurate knowledge about 
aging and the elderly might impact their attitudes 
towards age discrimination. 
In this study, when ageism attitudes were analyzed 
according to grade level, it was observed that 11th 
graders exhibited more positive attitudes compared to 
others. It is believed that topics related to aging and 
elderly neglect and abuse covered in the courses of 
the 11th-grade in healthcare services education might 
contribute to this difference. Some studies in the 
literature indicate that as grade level increases, 

ageism attitudes become more positive (16,19,36). 
However, in some studies, no significant relationship 
was found between grade level and ageism attitudes 
(15,17,24). Differences in the curricula of schools are 
thought to contribute to this variation. Studies in the 
literature suggest that students who are enrolled in 
programs or courses related to aging tend to have 
more positive ageism attitudes compared to their 
peers (14,17). 
In this study, no significant relationship was found 
between ageism attitudes and the occupations of 
students' parents and fathers' education levels. Many 
studies in the literature similarly suggest that parents' 
education levels and occupations do not significantly 
influence ageism attitudes (17,23,31,35). However, in 
this study, it was found that students whose mothers 
had a high school diploma or higher education level 
exhibited more negative ageism attitudes. This 
finding is consistent with another study that examined 
ageism attitudes among high school students. It is 
suggested that an increase in maternal education 
level might weaken family bonds, enhance tendency 
towards nuclear families, and lead to discriminatory 
attitudes towards the elderly (32). 
The present study found that family type and 
perception of income and expenditure did not 
significantly influence ageism attitudes. Similar 
findings have been reported in the literature 
(13,16,17,20,22,24,31,32,35). In contrast to this 
study, research conducted with nursing students 
revealed that students from extended families 
exhibited less ageism compared to those from 
nuclear families. It was suggested that the presence 
of elderly individuals within extended families might 
contribute to more positive attitudes towards the 
elderly among students (19,37). 
No significant relationship was found between 
parents' age and ageism attitudes in this study. 
Similarly, a study conducted with medical faculty 
students also reported no significant relationship 
between parents' age and ageism attitudes (13). 
One strength of this study is that it is one of the first 
conducted at the high school level on this topic. 
However, one limitation is that it was conducted only 
in one high school, limiting the generalizability of its 
results to all the population. Another limitation is its 
cross-sectional nature, which makes it difficult to 
determine the direction of causality. Additionally, the 
possibility of social desirability bias in responses to 
some questions should not be overlooked. 
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CONCLUSION 
In conclusion, this research has identified that a 
significant portion of students exhibit a negative 
attitude towards the elderly. Those who participated 
in projects related to the elderly, received education 
on elderly health, and expressed a desire to live and 
work with the elderly demonstrated more positive and 
less negative ageism attitudes. In terms of positive 
ageism, it was found that students living in rural areas 
and those who have lived with an elderly individual for 
5 years or more displayed more positive attitudes 
compared to others. Female students and those 
whose mothers are illiterate exhibited less negative 
ageism. Curriculum for all students, particularly those 
expected to be involved in healthcare services, 
should be designed to address all forms of 
discrimination, including ageism. The education 
provided to students should not only be theoretical 
but also supported by activities that actively engage 
students in the learning process, allowing them to 
spend quality time with the elderly, develop empathy, 
and participate in activities such as nursing home 
visits, drama, theater, and role-playing. To improve 
students' attitudes towards the elderly, projects 
focusing on the elderly and aging should be 
developed, and students should be actively engaged 
in these projects. In order to identify groups with 
negative attitudes towards the elderly, studies should 
be conducted with different groups, and interventions 
to minimize negative ageism attitudes should be 
implemented for these groups. 
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INTRODUCTION 
Duchenne muscular dystrophy (DMD) is one of the 
most prevalent (7.1 per 100000 males) fatal diseases 
of childhood with X-linked recessive inheritance (1). 
The disease is caused by a mutation in the DMD gene 
responsible for the production of dystrophin protein 
(2). Although DMD is characterized by more 
prominent muscle weakness in proximal muscles, the 
disease affects all muscles in the body (3, 4). The first 

symptoms of the disease generally emerge around 
the age of 3 years, and include delay in motor 
milestones, frequent falls, fatigue, and difficulty in 
getting up from the floor. Functional performance 
parameters tend to improve until the age of 7 years 
(5, 6) while symptoms become more pronounced 
from this age onwards and children lose their walking 
ability around the ages of 10-12 years (7). Cardiac 

ABSTRACT 
Purpose: The aims of this study were to compare the lumbar lordosis values measured with flexible ruler 
between healthy peers and children with Duchenne Muscular Dystrophy (DMD) and to investigate the 
relationship between lumbar lordosis values and functional performance in children with DMD. 
Material and Methods: The study included 20 children with DMD (median age: 8.29 years) and 10 healthy 
peers (median age: 7.96 years). Lumbar lordosis values and postural alignment were assessed using a 
flexible ruler and New York Posture Rating (NYPR).  Functional performance was evaluated with the 32-
item Motor Function Measure and timed performance tests. 
Results: The demographic characteristics such as age and body mass index were similar for both the 
children with DMD and the healthy peer group (p>0.05). A higher degree of lumbar lordosis was 
determined in the children with DMD compared to the healthy peers (median angle: 46.58° vs. 36.10°) 
(p<0.001). The children with DMD had greater disturbance according to the NYPR (p=0.002). Both the 
degree of lumbar lordosis and NYPR scores were moderately to strongly related to the functional 
performance parameters (p<0.05, rs:0.5 - 0.8 and -0.5 - -0.8). 
Conclusion: Assessment of lumbar lordosis using a flexible ruler in DMD may be an alternative method 
to differentiate between children with DMD and healthy peers, and between children with DMD at different 
functional levels. This study may provide additional evidence regarding the possible relationships between 
postural alignment and motor function parameters. 
 
Keywords: Duchenne muscular dystrophy, spine, lordosis, posture, physical functional performance 
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and respiratory complications can be the cause of 
death for these children (8, 9). 
Muscle weakness in DMD results in not only 
decreased physical performance but also joint 
contractures and postural changes. Ankle 
contractures, which usually appear as a primary 
deformity, have serious side effects on functional 
performance (9). In a study on this subject, increased 
ankle contractures were found to be associated with 
decreased functional performance in DMD (10). 
However, postural alignment disturbances such as 
scoliosis, kyphosis and lordosis are observed at 
different frequencies in neuromuscular diseases (11). 
Increased lumbar lordosis is a compensatory 
mechanism in response to the pelvic girdle muscle 
weakness. This weakness leads to deterioration in 
pelvis stability, and the compensatory shortness of 
the iliotibial band often forces the pelvis into anterior 
tilt. The lumbar lordosis automatically increases to 
balance the compensations in the pelvis and lower 
limbs (12). Baptista et al. evaluated the postural 
alignment of children with DMD using digital 
photogrammetry and found a relationship between 
forward displacement of the centre of mass and pelvic 
anteversion with balance deficit (3). Increased lumbar 
lordosis has also been reported to negatively affect 
gait quality in addition to balance (12).  
There is currently no cure for DMD. Disease 
management generally consists of symptomatic 
treatments such as rehabilitation, and cardiac and 
respiratory drugs (8, 9). It is well known that to 
increase the efficacy of these treatments, the 
symptoms should be detected at an early age while 
physical performance is still preserved (13). 
Therefore, to be able to detect symptoms as early as 
possible, it is crucial to select outcome measures that 
are practical, low-cost, provide rapid results and are 
relevant to the disease (14). Thus, early detection of 
postural changes including lumbar lordosis due to 
muscle weakness in the early period of DMD is one 
of the factors that increase the effectiveness of the 
treatment. In a recent study in which lumbar lordosis 
values were determined using a digital inclinometer, 
it was found that the lumbar lordosis of children with 
DMD was high and these values were associated with 
gait and balance parameters (12). However, it 
remains unclear whether the flexible ruler, which is 
valid and reliable in the measurement of lumbar 
lordosis in children, is an alternative to a digital 
inclinometer and whether lumbar lordosis is related to 
functional performance other than gait and balance. 

The aims of this study were to compare the lumbar 
lordosis values assessed with a flexible ruler between 
healthy peers and children with DMD and to 
investigate the relationship between the severity of 
lumbar lordosis and functional performance. 
 
MATERIAL AND METHODS.  
Design and Participants 
This cross-sectional observational study was 
conducted at Hacettepe University, Faculty of 
Physical Therapy and Rehabilitation between 
October 2022 and May 2023. Approval for the study 
was obtained from the Hacettepe University Non-
Interventional Clinical Studies Ethics Board (Decision 
Date: 18.10.2022, Number: 2022/16-27). Written 
informed consent was obtained from children and 
their families, and the study was conducted in 
accordance with the Declaration of Helsinki. 
The study included children aged 5-12 years, who 
were genetically confirmed, Level 1-3 on the Vignos 
scale, and using steroids regularly for at least six 
months. Children with an additional chronic disease, 
severe joint contractures and shortness, inadequate 
co-operation, or history of an injury or surgery in the 
last 6 months were excluded from the study. The 
control group was formed of healthy peers with no 
history of any chronic diseases and injuries or surgery 
in the last 6 months. A total of 22 children with DMD 
and 11 healthy peers were initially enrolled in the 
study. Two  children with DMD were excluded 
because of a history of lower extremity fracture and 
insufficient co-operation, and one of the healthy 
children was excluded because of regular use of 
immunosuppressive medication. The study was 
completed with a total of 30 children (20 DMD and 10 
healthy subjects).  
 
Outcome measures 
The demographic characteristics of all the children 
such as age, height, weight, and dominant side were 
recorded. 
 
Functional Level 
The Vignos Scale was used to determine the 
functional level of the children with DMD (15). The 
Vignos scale classifies children with DMD into 
different levels, ranging from 1 to 10. Level 1 indicates 
that the patient can walk independently and climb 
stairs without assistance, while Level 10 indicates 
that the patient is confined to bed. The children with 
DMD who were included in this study were those who 
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could climb stairs with or without support (Levels 1-
3). This scale has been shown to have high ICC in the 
assessment of DMD children (16). 
 
Lumbar Lordosis 
A flexible ruler was used to assess lumbar lordosis in 
the children in this study (17, 18). The children were 
asked to stand barefoot between two parallel bands 
with the feet 15 cm apart, and their weight evenly 
distributed on both legs, their arms at the sides of the 
trunk and facing the opposite wall in a comfortable 
position for the assessment. In this position, a 
removable mark was placed on the children's spinous 
processes of T12 and S2. The flexible ruler was 
placed between these two marked points in the 
lumbar region and the obtained shape was 
transferred onto paper without distortion. The T12 
and S2 points on the paper were connected vertically 
(L), and the distance between this vertical line and the 
maximum curvature was calculated (H) (Figure 1). 
The lumbar lordosis angle (θ) was calculated 
according to the following formula (19); 
θ=4X[Arctan2H/L]. Although this method has been 

shown to be highly reliable in children, as it was being 
used for the first time in the DMD population, reliability 
was tested in a preliminary study. 
 
Postural Alignment 
Postural characteristics were assessed with the New 
York Posture Rating Scale (NYPR) modified by Howly 
and Franks (20). Postural changes in 10 different 
parts of the body such as the head, trunk and hips 
were observed either lateral or posterior, and scored. 
Each body part of each child was evaluated by giving 
a score of good posture (10 points), fair (5 points), or 
poor posture (0 points). The NYPR was determined 
to have moderate ICC (0.70) value (21). 
 
Functional Performance 
Timed performance tests consisting of (a) supine to 
stand (Gowers’ maneuver), (b) ascending and 
descending four steps of 25 cm width and 17 cm 
height with handrails, and  (c) 10-m walk/run test were 
used to determine the functional performance of the 
children with DMD (22). Each timed performance test 
score was recorded in seconds. 
 
Motor Function 
The 32-item Motor Function Measure (MFM-32), 
which has been shown to be valid and reliable in 
neuromuscular diseases in the age range of 6-60 
years, was used to assess motor function in the 
children with DMD. This outcome measure assesses 
function in 3 different dimensions [sitting and 
transfers (D1), proximal/axial (D2) and distal (D3)] 
over a total of 32 items. Items are generally scored on 
a four-point Likert scale; (0) cannot initiate any task 
and cannot maintain the starting position, (1) partially 
completes the task, (2) performs the task slowly, with 
some help and compensations, and (3) performs the 
task in a standardized pattern. Each sub-dimension 
and the total score are converted into a percentage 
score. Higher scores indicate better motor functioning 
(23, 24). This assessment was performed by a 
certified physiotherapist (NB). 
 
Assessment Procedure 
The assessments of functional level, motor function 
and functional performance were only applied to the 
children with DMD, while all other assessments were 
performed on all children.  One physiotherapist 
carried out the postural assessments and the other 
performed the motor performance tests. Short resting 
periods were allowed after each assessment to avoid 

 
 
Figure 1. The measurement of lumbar lordosis 
with the flexible ruler 
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fatigue in the children. The assessments lasted about 
50 minutes in total for the children with DMD and 10 
minutes for the healthy children. 
 
Statistical Analysis  
Data obtained in the study were analyzed statistically 
using IBM SPSS vn 23.0 software (SPSS Inc., 
Chicago, IL, USA). Conformity of the data to normal 
distribution was evaluated with the Shapiro-Wilk test 
and it was determined that the data did not fit normal 
distribution. Scores were expressed as median and 
percentiles (25th and 75th percentiles). The Mann-
Whitney U test was used to compare the lumbar 
lordosis and postural alignment scores of both 
children with DMD at different levels and children with 
DMD and their healthy peers. The relationship 
between postural alignment parameters and motor 

performance scores in children with DMD was 
analyzed using Spearman rank correlation coefficient 
(rs). The strength of correlations were determined as; 
rs = 0.7–0.99 strong; rs = 0.4–0.69 moderate; and rs 
=0.01-0.39 weak (25). A value of p<0.05 was 
accepted as statistical significance level. 
In the post-hoc power analysis performed with 
G*Power 3.1 using the lumbar lordosis values of DMD 
and healthy peers, the effect size (Cohen’s d) was 
1.38 and the power of the study was 93.0%. 
 
RESULTS 
The demographic and postural characteristics of the 
children with DMD at different functional levels and 
their healthy peers are shown in Table 1. The 
demographic characteristics were similar in both the 
children with DMD (median age: 8.29 years) and their 

Table 1. Demographic and postural characteristics of children with Duchenne muscular dystrophy at different 
functional levels and healthy peers. 

Variables 

Children with DMDa p 
(comparison 

between DMD 
groups) 

Healthy peers 
(n=10) p 

(comparison 
between groups) 

Level 1 (n=10) Level 2 (n=10) 

Age (years) 8.04 
(7.19-9.04) 

8.29 
(7.52-10.12) 

0.4 7.96 
(7.23-8.92) 

0.6 

Height (m) 1.23 
(1.17-1.33) 

1.28 
(1.20-1.35) 

0.4 1.31 
(1.27-1.40) 

0.06 

Body weight (kg) 23.50 
(20.5-29.37) 

30.75 
(22.62-35.12) 

0.2 28.80 
(22.25-34.50) 

0.5 

Body Mass Index 
(percentiles) 

45.50 
(15.75-76.00) 

84.50 
(65.25-91.25) 

0.06 62.50 
(35.50-80.50) 

0.5 

Lumbar Lordosis 
(o) 

43.15 
(37.23-46.40) 

53.89 
(47.62-63.01) 

0.005* 36.10 
(33.36-38.91) 

<0.001* 

NYPR (points) 75.00 
(70.00-90.00) 

65.00 
(60.00-75.00) 

0.01* 95.00 
(90.00-100.00) 

0.002* 

a According to Vignos Scale. Data expressed as median (25th and 75th percentiles).*Mann Whitney-U Test DMD: Duchenne Muscular Dystrophy, NYPR: New York 

Posture Rating 

 
Table 2. The results of functional assessments of children with Duchenne Muscular Dystrophy. 

Functional Assessments Children with DMDa 
p 

Level 1 (n=10) Level 2 (n=10) 
Motor Function Measure 
                Total Score   (%) 
                Dimension 1 (%) 
                Dimension 2 (%) 
                Dimension 3 (%) 

85.42 (82.03-91.93) 
73.08 (66.03-82.69) 
97.22 (94.44-100.00) 
90.48 (89.29-96.43) 

80.21 (69.53-84.64) 
57.69 (44.87-90.97) 
94.44 (90.97-97.92) 
95.24 (90.48-95.24) 

0.02* 
0.004* 

0.1 
0.7 

Supine to stand (sec) 4.80 (2.81-8.59) 7.12 (4.91-17.61) 0.09 
Ascending four stairs (sec) 2.41 (2.18-2.91) 3.79 (2.99-9.49) 0.01* 
Descending four stairs (sec) 2.22 (1.80-3.23) 3.50 (2.00-5.09) 0.2 
10 meter walk/run test (sec) 4.70 (4.24-5.02) 5.91 (4.82-8.40) 0.03* 

a According to Vignos Scale. Data expressed as median (25th and 75th percentiles).*Mann Whitney-U Test, DMD: Duchenne Muscular Dystrophy. 
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healthy peers (median age: 7.96 years) (p>0.05). All 
the children included in the study were right-handed.  
The degree of lumbar lordosis was determined to be 
statistically significantly higher in the children with 
DMD compared to the healthy peers (median angle: 
46.58° vs. 36.10°) (p<0.001). The flexible ruler was 
found to have high inter-rater reliability (ICC: 0.925; 
p<0.001) in a preliminary study involving 14 children 
with DMD. The lumbar lordosis values measured with 
the flexible ruler and the NYPR scores of each child 
are shown in Figure 2. A strong positive correlation 
was determined between the NYPR scores and 
lumbar lordosis in the children with DMD (rs= 0.8, 
p<0.001). 

The functional assessment results of the children with 
DMD are presented in Table 2. The MFM total score, 
MFM D1, ascending four stairs and 10 m walk/run test 
results were significantly better in the children with 
Level 1 DMD (p<0.05). 
Moderate to strong relationships were determined 
between postural alignment and motor performance 
test parameters, as shown in Table 3 (p<0.05). 
 
DISCUSSION 
The results of this study, which assessed lumbar 
lordosis in children with DMD using a flexible ruler, 
showed that children with DMD had increased lumbar 
lordosis in the ambulatory period compared to their 

Table 3. The correlations between postural alignment parameters and functional assessments (n=20). 

 Lumbar Lordosis New York Posture Rating 

rs p rs p 

Motor Function Measure 

                       Total Score     

                       Dimension 1  

                       Dimension 2  

                       Dimension 3  

 

-0.5* 

-0.6* 

-0.3 

-0.08 

 

0.01 

0.002 

0.1 

0.7 

 

0.6* 

0.8* 

0.3 

0.01 

 

0.002 

<0.001 

0.1 

>0.9 

Supine to stand  0.6* 0.002 -0.6* 0.006 

Ascending four stairs  0.7* <0.001 -0.7* 0.001 

Descending four stairs  0.3 0.1 -0.4 0.09 

10 meter walk/run test 0.8* <0.001 -0.5* 0.01 

*Spearmann Correlation Coefficient. 

 

 

Figure 2. The results of postural alignment of children with Duchenne muscular dystrophy and 
healthy peers (DMD: Duchenne muscular dystrophy) 
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healthy peers. It was determined that with the 
worsening of functional ability, the lumbar lordosis 
increased, and postural alignment disturbances might 
be associated with the worsening functional 
performance. Considering the studies in the literature 
in which different methods have been used in the 
evaluation of lumbar lordosis (3, 12), it can be stated 
that the evaluation of lumbar lordosis with the flexible 
ruler reveals similar results in differentiating healthy 
children and those with DMD and provides 
information about physical performance.  
Muscle weakness and imbalance, which are the main 
symptoms in children with DMD, cause joint 
contractures, postural deviations and deterioration in 
functional ability (3). Ankle contractures have been 
reported to occur in about half of children with DMD, 
even in the ambulatory phase, followed by hip and 
knee contractures (26). In addition to contractures, 
postural alignment disturbances such as an 
increased anterior position of the centre of mass and 
significant pelvic anteversion have been observed 
(3). Scoliosis and lordosis are also part of the postural 
alignment disturbances in DMD (11). Filiz et al. (12) 
reported that lumbar lordosis became more 
pronounced compared to healthy children, even at a 
stage that can be considered the early ambulatory 
phase according to the age of the children (mean age: 
8.0 years). Similarly, it was seen in the current study 
that children with DMD had higher lumbar lordosis 
values and worse posture. This shows that the 
postural change is not only in the proximal region 
such as lumbar lordosis but also in the whole body. 
However, the lumbar lordosis values of both the 
healthy and DMD children in the current study were 
numerically different from those reported in other 
studies (12, 18). This may be due to differences in 
methodology and the age range of participants. 
Due to the progressive nature of DMD, there are 
many reports of worsening symptoms such as 
contractures and gait. (27, 28). In other words, as 
performance decreases so the functional level 
worsens. Alkan et al. (29) stated that balance 
parameters deteriorated as the functional level 
worsened in children with DMD. The current study 
results showed that the lumbar lordosis values of 
children with Level 1 DMD, which is functionally 
better, were 10 degrees lower and their postural 
scores were 10 points higher than those of children 
with Level 2 DMD. From these results, it can be 
concluded that when functional loss occurs, it leads 
to holistic changes in the whole body. 

In children who maintain their functional level until the 
age of 6-8 years, there are losses in both muscle 
strength and functional performance after this age, 
and children may be later confined to a wheelchair 
(30). In an 18-month follow-up study of steroid-using 
DMD children with a mean age of 7.6 years, it was 
reported that the MFM D1 sub-dimension and MFM 
total scores tended to decrease (31). Another DMD 
cohort study reported deterioration after 7 years of 
age in timed performance tests such as supine to 
stand, ascending four steps and 10 m walk/run test 
(22). The fact that the median age of the children with 
DMD in the current study was above 6-8 years, which 
is the critical threshold, may explain the difference in 
assessment parameters between the DMD and 
healthy peer groups. The age of children with DMD 
provides important information, but not all of it. 
Although the age of the children at two different 
functional levels was similar, the difference in 
proximal and axial motor function and in timed 
performance tests such as ascending four stairs and 
the 10-meter walk test can be explained by the 
holistic change mentioned above rather than by age. 
Physical symptoms are expected to interact because 
many of the problems in DMD are related to muscle 
weakness. In this regard, there are studies showing a 
relationship between muscle strength and motor 
functions in children with DMD (32, 33). In addition, 
both proximal and distal postural alignment have 
been shown to be associated with balance and gait in 
children with DMD (3, 34). A study that focussed on 
lumbar lordosis reported a correlation between the 
lumbar lordosis values and gait quality and balance 
(12). The results of the current study showed an 
association of both lumbar lordosis values and 
postural alignment scores with proximal and 
functional performance parameters in the children 
with DMD. Thus, in addition to the information in the 
literature on the relationship between postural 
alignment and balance and gait, this study provides 
further evidence that postural alignment may be 
related to functional performance. This supports the 
view that problems which occur secondary to muscle 
weakness may influence each other. The main 
limitation of this study was the relatively low number 
of participants. 
 
CONCLUSION 
In conclusion, the assessment of lumbar lordosis 
using a flexible ruler can be used to differentiate 
between both children with DMD and healthy peers, 
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and children with DMD at different functional levels. 
In the light of these results, flexible ruler 
measurements may be an alternative option to the 
methods used for the assessment of lumbar lordosis 
in children with DMD. In addition to the existing 
knowledge about the relationships between postural 
alignment and gait and balance, this study may 
provide additional evidence in respect of the possible 
relationships between postural alignment and motor 
function parameters. To be able to confirm these 
results, there is a need for a cohort study including a 
wider spectrum of children. The use of flexible ruler 
measurements in future studies may be of guidance 
to researchers and clinicians for the determination of 
the cut-off value for lumbar lordosis.   
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INTRODUCTION 
Spinal Muscular Atrophy (SMA) is a genetic and 
progressive neuromuscular disorder characterized by 
the loss of motor neuron function due to mutations in 
the SMN1 (survival motor neuron 1) gene (1). This 
condition results in a progressive weakening and 
atrophy of the muscles. The clinical spectrum of SMA 
exhibits significant variability in terms of the onset and 
severity of symptoms, which presents considerable 

challenges in the diagnosis and treatment of the 
disease(2).                                                                                                                               
The disease has four main types: Type I (Werdnig-
Hoffmann disease) is the most severe form, 
beginning in infancy with limited life expectancy due 
to respiratory failure. Type II (Intermediate SMA) 
manifests in infancy or early childhood, where 
children can sit but are unable to stand or walk 
unassisted. Type III (Kugelberg-Welander disease) 

ABSTRACT 
Purpose: Early diagnosis of Spinal Muscular Atrophy (SMA) is crucial. This study assesses the awareness 
and attitudes toward SMA screening among individuals preparing for marriage. 
Material and Methods: This cross-sectional study was conducted in three family health centers in the 
central district of Erzincan from June to September 2023. A researcher-designed 15-item instrument was 
utilized to collect demographic data and assess knowledge and attitudes regarding SMA among 
participants. 
Results: The study was participated in by 197 individuals, with an average age determined to be 
29.45±7.48. The proportion of those supporting the implementation of SMA screening was 84.8% (n=167), 
while the intention to undergo the test was identified at 72.6% (n=143). 
A significant relationship was found between the willingness to be tested and variables such as the level 
of education, the absence of disabled close relatives, not considering SMA to be genetically inherited, 
finding screenings appropriate, the perceived impact of test results on marriage, and the belief that 
screening could not be conducted after marriage. 
Conclusion: While most recognized SMA's severity, there's a notable deficit in understanding its 
preventability, suggesting the need for targeted educational interventions to enhance genetic screening 
uptake. 

Keywords: Spinal Muscular Atrophy, Genetic Screening, Diagnostic Screening Programs, Secondary 
Prevention 
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starts after early childhood; individuals can walk but 
may lose this ability over time, yet they have a normal 
life expectancy. Type IV begins in adulthood and is 
the mildest form, progressing slowly with a normal life 
expectancy. Each type of SMA is associated with 
mutations in the SMN1 gene, which leads to a 
deficiency in the SMN protein critical for motor neuron 
survival, and the copy number of the SMN2 gene can 
influence the severity of the disease (3). SMA is a 
genetic disorder that exhibits varying incidence rates 
across different populations. These rates can 
fluctuate depending on factors such as genetic 
diversity, diagnostic methods, and characteristics of 
the population (4).  Nevertheless, it can be stated that 
SMA occurs at an approximate rate of 7.8-10 per 
100,000 live births worldwide (5-7).  
SMA is a genetic condition where early diagnosis is 
particularly crucial. In the early stages of SMA, non-
neuromuscular symptoms can be detected prior to 
the clinical signs of neuromuscular degeneration, 
potentially offering a sequence for the progression of 
the disease (8). Early diagnosis enables the timely 
initiation of interventions to slow disease progression 
and improve quality of life. As knowledge of the 
pathophysiology of SMA increases, promising strides 
in its treatment are also emerging (9). Therefore, 
early diagnosis of SMA is of critical importance in the 
management of the disease and the development of 
treatment strategies.  
In Turkey, with the directive issued by the Ministry of 
Health on December 27, 2021, SMA screening has 
become mandatory nationwide during the pre-marital 
and newborn periods. Through this program, couples 
who are carriers for SMA can be identified, allowing 
for the provision of genetic counseling and treatment 
options before or after pregnancy. SMA screening is 
conducted free of charge at Family Health Centers. 
Nevertheless, comprehensive studies on the societal 
acceptance of screening programs and the 
challenges encountered in this process have not 
been conducted.  
The purpose of our study is to assess the knowledge 
levels and attitudes towards SMA screening among 
individuals applying for a marriage certificate at family 
health centers in the central district of Erzincan, 
thereby contributing to the more effective shaping of 
relevant health policies and educational programs. 
 
 
 
 

MATERIAL AND METHODS 
Study design and execution 
This descriptive and cross-sectional study was 
conducted at three different family health centers 
affiliated with the central district of Erzincan between 
June and September 2023. 
 
Study population 
The research population consisted of adults aged 18-
65 years residing in the central district of Erzincan 
who applied for a health report for marriage purposes. 
Individuals without a diagnosis of mental retardation 
who voluntarily agreed to participate were included in 
the study. 
 
Data collection instrument 
Table 1 and Figure 1 present items from a 15-item 
questionnaire developed by researchers following a 
literature review, which was employed to measure 
participants’ demographic characteristics and their 
knowledge and attitudes about SMA. The survey was 
designed using a five-point Likert scale for attitude 
scales and was converted to a three-point Likert scale 
for analysis. The scale does not have a total score, 
and the surveys were administered via face-to-face 
interviews. 
 
Sample size and sampling method 
According to TUIK 2022 population data, the number 
of marriages in Erzincan was recorded as 1309. It 
was projected that approximately 350 marriages 
would occur in the central district during the study 
period. The sample size was calculated to be a 
minimum of 184 with a 5% sampling error and p=0.5, 
q=0.5 values, and interviews were conducted with 
197 individuals within the scope of the study. 
 
Ethical approval 
The research received ethical approval from the 
Erzincan Binali Yıldırım University Clinical Research 
Ethics Committee (Decision Date: 13.04.2023, 
Number: 2023-08/4). Both verbal and written consent 
were obtained from participants, and the principles of 
the revised Declaration of Helsinki were adhered to 
throughout the study. 
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Data analysis 
Data analysis was performed using IBM SPSS 
Statistics 23 (SPSS Inc., Chicago, IL, USA). The 
normal distribution of data was tested with the 
Kolmogorov-Smirnov test, numerical data were 
reported as mean ± standard deviation or median 
(min-max), and categorical variables were reported 
as frequency and percentage. 
 
Statistical methods 
Descriptive statistical analyses were conducted. The 
relationship between two categorical variables was 
examined with Chi-Square and Fisher's Exact tests, 
and the means of two independent samples were 
compared using the Independent Samples t-test. The 
level of statistical significance was set at p<0.05. 
 
RESULTS 
A total of 197 individuals were included in the study. 
The average age of the participants was 29.45±7.48 
years, and 178 individuals who had previously heard 
of SMA had been aware of the disease for an average 
of 4.37 years (max=10, min=1). The demographic 
data of the participants are presented in Table 1. 
A total of 84.8% (n=167) of the participants agreed 
with the implementation of SMA screening, while 
45.2% (n=89) responded with "I don't know" to the 

statement "SMA is a preventable disease." On the 
other hand, the response rate for "Will you get tested 
for SMA?" with "Yes" was 72.6% (n=143). The 
responses to the attitude and knowledge questions by 
the participants are illustrated in Figure 1. 
No significant relationship was found between the 
duration of awareness about SMA in years and the 
desire to undergo SMA testing (p=0.376). Similarly, 
no significant relationship was detected between age 
and the desire to be tested (p=0.148). 
The desire to be tested and its association with 
various variables were evaluated using Chi-Square 
analysis, as presented in Table 2. Accordingly, a 
significant relationship was found between the desire 
to be tested and factors such as increased education 
level, absence of disabled individuals among close 
relatives, not considering SMA to be a genetically 
inherited disease, approving of SMA screenings, 
believing that a negative screening test would be a 
barrier to marriage, and the belief that screening 
could not be performed after marriage. 
 
DISCUSSION 
In this study, the knowledge levels and attitudes 
towards SMA screening among individuals applying 
for a marriage certificate at family health centers in 
the central district of Erzincan were investigated. The  

Table 1. Demographic Data of Participants 

  n % 
Gender Female 103 52.3 

Male 94 47.7 
Education  Illiterate - primary school 9 4.6 

Middle school 21 10.7 
High school 65 33 
University 102 51.8 

Profession Employee 64 32.5 
Officer 53 26.9 
Retired 5 2.5 
Housewife 22 11.2 
Self-employment 26 13.2 
Not working 27 13.7 

Is there a consanguineous marriage  
(2nd and 3rd degree) 

Yes  26 13.2 
No 171 86.8 

Do you have any chronic diseases Yes  4 2 
No 193 98 

Do you have a disabled person in your 
1st and 2nd degree relatives? 

Yes  12 6.1 
No 185 93.9 

Have you ever heard of SMA disease? Yes  178 90.4 
No 19 9.6 

Resource  Television-social media 142 72.1 
Physician and other healthcare personnel 12 6.1 
Friend-other 24 12.2 
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findings indicate that a significant portion of the 
participants lacks adequate awareness about the 
importance of SMA screening, perceiving it as a 
mandatory or routine procedure in the pre-marital 
process. This can be considered a significant 
deficiency in terms of preventing genetic diseases 
and promoting the birth of healthy generations. 

Without asking for detailed knowledge, participants 
were only queried whether they had heard of SMA 
before and for how long. Out of 197 individuals, 178 
(90.4%) acknowledged prior awareness of SMA, 
averaging 4.37 years of knowledge about the disease  
(min=1, max=10).  

444 

Table 2. Comparison of variables with desire to have SMA screening 

  Will you have an SMA screening test?  
        Yes       No   
  n % n % p 
Gender Male  72 76.6 22 23.4 0.228 

Female 71 68.9 32 31.1 
Education  Illiterate-primary school 6 67.7 3 33.3 0.017 

Middle school 13 61.9 8 38.1 
High school 40 61.5 25 38.5 
University 84 82.4 18 17.6 

Do you have a 
consanguineous 
marriage? 

Yes 21 80.8 5 19.2 0.316 
No 122 71.3 49 28.7 

Do you have a 
disabled person in 
your 1st and 2nd 
degree relatives? 

Yes 5 41.7 7 58.3 0.020* 
No 138 74.6 47 25.4 

Have you ever 
heard of SMA** 
disease? 

Yes 132 74.2 46 25.8 0.131 
No 11 57.9 8 42.1 

SMA is a 
genetically 
inherited disease 

I totally agree - I agree 63 78.8 17 21.3 0.039 
No idea 65 65 35 35 
Disagree - completely 
disagree 

15 88.2 2 11.8 

SMA is a 
preventable 
disease 

I totally agree - I agree 72 77.4 21 22.6 0.133 
No idea 63 70.8 26 29.2 
Disagree - completely 
disagree 

8 53.3 7 46.7 

I find SMA 
campaigns correct 

I totally agree - I agree 108 78.3 30 21.7 0.024 
No idea 24 58.5 17 41.5 
Disagree - completely 
disagree 

11 61.1 7 38.9 

I think it is correct 
to perform an SMA 
screening 

I totally agree - I agree 130 77.8 37 22.2 <0.001 
No idea 10 43.5 13 56.5 
Disagree - completely 
disagree 

3 42.9 4 51.7 

If the SMA test is 
positive, it is an 
obstacle to 
marriage 

I totally agree - I agree 27 87.1 4 12.9 0.001 
No idea 50 59.5 34 40.5 
Disagree - completely 
disagree 

66 80.5 16 19.5 

SMA test can also 
be done after 
marriage 

I totally agree - I agree 76 77.6 22 22.4 0.005 
No idea 38 58.5 27 41.5 
Disagree - completely 
disagree 

29 85.3 5 14.7 
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Conversely, 19 individuals (9.6%)reported never 
having heard of SMA before. It is also noteworthy that 
TV and social media were the primary sources of 
information. These findings suggest that while there 
is a general awareness of SMA in the population, this 
awareness is still not at a sufficient level. Previous 
studies have highlighted the critical importance of the 
public's knowledge level in the early diagnosis and  
treatment of genetic diseases(10). Additionally, 
research on the effectiveness of genetic counseling 
and screening programs has revealed that the level 
of knowledge within the community is a decisive 
factor in the success of these programs(11). On the 
other hand, no significant relationship was found 
between the duration of awareness of the disease 
and the desire to undergo SMA screening. This may 
suggest that the knowledge held is superficial. In this 
context, the results of our study underscore the 
importance of increasing public awareness regarding 
the prevention and management of genetic diseases, 

highlighting the significant responsibility that falls on 
health professionals.  
While 84.8% (n=167) of participants supported SMA 
screening, 45.2% (n=89) were unsure about the 
preventability of SMA. However, 72.6% (n=143) 
indicated they would consider getting tested. This 
high level of support could be interpreted as a result 
of mandatory pre-marital screening procedures, 
despite participants not having sufficient knowledge 
about the disease. Factors influencing participation in 
health screenings include perceived risk, physician 
recommendations, personal vulnerability, concerns 
about receiving adverse results, and belief in the 
benefits of early detection(12, 13). However, it is 
understood from this study that the participation of the 
participants in the screening programs stems from the 
mandatory nature of these programs as part of the 
marriage process. While this situation has the 
potential to increase the effectiveness of screening 
programs and encourage participation, it also  

 
Figure 1. Participants' answers to attitude and knowledge questions 
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indicates the need for greater efforts to enhance the 
community's level of knowledge and awareness 
about the disease. 
Public health campaigns and informative programs in 
the field of SMA screenings are crucial for enhancing 
societal awareness. Increasing awareness toward 
the early diagnosis and treatment of genetic diseases 
can prevent the spread of these conditions and 
significantly improve individuals' quality of life in the 
future. Health professionals play a central role in the 
prevention and management of genetic diseases(14). 
They must accurately inform patients and emphasize 
the importance of genetic screenings so that patients 
view these programs not as obligations but as 
necessities. 
As expected, the desire to undergo testing increased 
with the participants' level of education. Studies in the 
literature indicate that the level of education is a 
significant factor in the desire to undergo genetic 
testing, with a higher level of education often 
associated with a greater understanding and a more 
cautious approach towards genetic tests(15, 16). This 
situation leads to implications for the need for 
targeted educational programs to facilitate informed 
decision-making across different educational strata 
and public health policy. 
The absence of disabled individuals among close 
relatives and disbelief in the genetic transmission of 
SMA were seen to increase the willingness to 
undergo screening. This could be a phenomenon 
known as "fear of the unknown" or "anxiety about a 
bad outcome." People may want to detect and 
manage a potential health issue in advance, thinking 
that genetic diseases not seen in their families could 
pose a "hidden" risk to themselves. This trend is 
reinforced by increasing public awareness of the 
carrier status and transmission of genetic diseases 
and the growing accessibility of genetic tests. 
Research indicates that individuals' beliefs about the 
accuracy of health screenings and the validity of 
these tests can influence their willingness to 
participate in screening tests(17, 18). The belief in the 
accuracy of SMA screenings, the perception that a 
negative screening result could impede marriage, and 
the belief that screenings cannot be conducted after 
marriage are significantly associated with the desire 
to undergo testing. Such beliefs can influence 
individuals' participation in screening tests and their 
preference for the timing of these tests. Notably, the 
belief in the importance of pre-marital screening tests 
can lead to a higher willingness to undergo such tests 

before marriage. Health professionals and 
policymakers should consider these beliefs and 
perceptions when developing and implementing 
screening programs. 
 
Study limitations 
Limitations of this study include its execution in only 
three family health centers in the central district of 
Erzincan, which may limit the generalizability of the 
findings to the broader population of Erzincan or other 
regions. Additionally, the use of a researcher-
developed questionnaire due to the lack of a 
standardized measurement tool in the literature may 
limit the validity and reliability of the survey. Lastly, 
the assumption that every individual applying for a 
pre-marital health certificate may potentially have 
children does not take into account fertility and the 
desire to have children as independent variables. 
However, this methodological choice is due to the fact 
that women's fertility status cannot be biochemically 
verified and would only be based on self-report. 
Moreover, even a young woman may not be fertile. 
Nonetheless, the relatively low average age of the 
participants included in our study minimizes this 
limitation. 
 
CONCLUSION 
In conclusion, the study conducted among individuals 
applying for a marriage certificate in the central 
district of Erzincan reveals a notable gap in 
awareness and understanding of SMA and the 
importance of SMA screening. While a majority of the 
participants are aware of SMA, their knowledge often 
stems from less formal sources such as TV and social 
media, which may not provide comprehensive or 
accurate information. This superficial awareness, 
coupled with the mandatory nature of pre-marital 
screening programs, suggests that individuals might 
not fully grasp the significance of these screenings 
beyond a bureaucratic requirement. The study 
underscores the crucial role of health professionals in 
bridging this knowledge gap, emphasizing the 
necessity for targeted educational campaigns and 
personal counseling to foster a deeper understanding 
of genetic diseases, their prevention, and 
management. 
Moreover, the study highlights the influence of 
education level, familial history, and personal beliefs 
on the willingness to undergo SMA screening, 
pointing to the need for public health strategies that 
cater to diverse segments of the population. By 
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enhancing public awareness and understanding of 
genetic conditions and the benefits of early detection, 
health authorities can encourage more informed 
participation in screening programs, thus improving 
the overall effectiveness of genetic disease 
prevention efforts. 
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INTRODUCTION 
Bronchitis is an inflammation of the trachea and large 
airways characterised by coughing. While acute 
bronchitis is usually caused by upper respiratory tract 
infections, chronic bronchitis is the result of long-term 
exposure to irritants such as smoking. Acute 
bronchitis is a important reason of hospitalization 
among infectious diseases in children (1,2). Although 
viruses play a major role in the etiology of acute 
bronchitis at a high rate (about 90%), it is known that 
bacteria rarely (about 10%) also play a role. In 
general, as a result of inflammation caused by 
microbes such as viruses or bacteria, edema in the 
mucosa, thickening of the bronchial walls, and 
increase in bronchial secretion occur. The basis of 

treating acute bronchitis is symptomatic treatment. 
The incidence of the disease varies with age and 
season (1,3,4). 
Kallistatin is an endogenous serine proteinase 
inhibitor that is naturally produced in the body and has 
many biological functions. Kallistatin has two 
structural domains, the active site and the heparin 
binding site. Through these domains, kallistatin exerts 
vasodilator, anti-angiogenic, antioxidant and anti-
inflammatory effects (5,6). It regulates oxidative 
stress, cell apoptosis, the expression of several 
genes, and controls the activation of several 
signalling pathways (5,7). The active site of kallistatin 
stimulates the expression of endothelial nitric oxide 
synthase (eNOS) and sirtuin1 (SIRT1), thereby 

ABSTRACT 
Purpose: The aim of this study is to evaluate the levels of kallistatin in the plasma of children diagnosed 
with bronchitis and to compare them with healthy control subjects. 
Material and Methods: A total of 89 participants, including 16 patients diagnosed with bronchitis and 
taking medication with the diagnosis of tonsillitis (BT), 26 patients diagnosed with bronchitis only (B), and 
47 healthy controls who attended the same outpatient clinic for routine control, were included in the study. 
Results: When we looked at the differences by dividing the patient group into 2 groups (B, BT), we found 
that the kallistatin levels in the BT group were significantly higher than both the B group and the healthy 
control groups. There was no significant difference in kallistatin levels between the healthy controls and 
the B group. We found that the AUC for kallistatin was 0.631 in the ROC analysis performed between the 
patient (B+BT) and control groups. 
Conclusion: Kallistatin levels were significantly higher in the patient group than in the control group. More 
comprehensive studies with repeated kallistatin measurements are needed to understand whether 
kallistatin levels are important in the diagnosis and management of patients with bronchitis and to confirm 
our findings. 

Keywords: Bronchitis, enzyme-linked immunosorbent assay, kallistatin 
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inhibiting tissue kallikrein activity. Kallistatin forms a 
covalent complex with its heparin binding site to 
specifically inhibit human tissue kallikrein. The 
heparin-binding domain is required to inhibit vascular 
endothelial growth factor (VEGF)-induced 
angiogenesis and tumour necrosis factor-α (TNF-α)-
induced inflammation (Figure 1) (6,7). Most studies 
have mentioned the protective effect of increasing 
kallistatin levels against disease. Studies have shown 
that the levels of kallistatin are reduced in patients 
with liver disease, septic shock, severe pneumonia, 
and acute respiratory distress syndrome also support 
this information (5,6,8,9). There are also studies 
reporting that plasma kallistatin levels decrease in 
sepsis and severe inflammation, and that low 
kallistatin levels are linked to mortality in community-
acquired pneumonia (10,11). 
Based on the information in the literature, we set out 
to evaluate the plasma kallistatin levels at the time of 
initial diagnosis in children with bronchitis and to 
compare the data we obtained with the kallistatin 
levels and other biomarkers of the healthy control 
group. We do not know of any other published in the 
literature evaluating kallistatin levels in children 
diagnosed with bronchitis. Thus, our study is original 
and contributes to the literatüre.  
 
 

 
 

MATERIAL AND METHODS 
Study population  
This study was conducted at Seydişehir State 
Hospital between 10 April 2023 and 10 July 2023. 
After obtaining the informed consent, the approval of 
the Ethics Committee and the institutional approval of 
the hospital, the sample collection procedures were 
performed. No invasive procedure were performed 
during the study. A total of 89 participants, including 
16 patients diagnosed with bronchitis and taking 
medication with the diagnosis of tonsillitis (BT), 26 
patients diagnosed with bronchitis only (B), and 47 
healthy controls without any disease who attended 
the same outpatient clinic for routine control, were 
included in the study (Figure 2). The plasma samples 
of the patient and control groups were obtained from 
the blood that was taken during the routine analyses 
of these patients. Plasma samples processed in the 
laboratory were collected in Eppendorf tubes. It was 
kept at -80°C until kallistatin measurement. Age, 
gender, presence of additional diseases, medications 
and other laboratory information for the patient and 
control groups were obtained from the hospital's 
automated system and by interviewing the patients.  
Patient group exclusion criteria: >18 years of age, 
presence of chronic diseases and any other disease 
(asthma, pneumonia, allergy, influenza, etc.).  
Control group exclusion criteria: >18 years of age, 
presence of any disease such as asthma, 
pneumonia, allergy, influenza, bronchitis, tonsillitis, 
drug use etc.   

 

 
Figure 1. Structure and activity of kallistatin 
 

 
Figure 2. Flowchart used to select groups. 
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Biochemical analysis  
Enzyme-linked immunosorbent assay (ELISA) was 
used to measure plasma kallistatin levels.  BT LAB 
brand Human Kallistatin, SERPINA4 ELISA Kit 
Catalog No: E3392Hu, Shanghai, China) was used. 
The manufacturer's instructions were followed for the 
ELISA study. The results of this study were read 

using a Multiskan Sky Thermo (A.B.D.) device. A 
Combi Wash (Human) washer was used in the study. 
Intra- and inter-assay variation were <5.5% and 
<10%, respectively. The minimum detectable 
concentration of kallistatin was 0.022 ng/mL, and the 
diagnostic interval of the assay was 0.05-20 ng/mL. 
 

Table 1. Comparison of age and laboratory parameters between patient and control groups. 
 

Variables Patient (B+BT= n: 42) Control (n: 47) P 
value 

aAge 2.43 (1.00-3.00) 2.9 (2.00-3.90) 0.71 

bWBC (10³/mm³) 9.33±3.33 8.23±2.41 0.08 

bHGB (g/dL) 12.01±1.33 13.12±1.16 0.00* 

bRBC (106/mm³) 4.65±0.56 4.91±0.46 0.01* 

bMPV (fL) 9.34±0.79 9.49±0.75 0.34 

bPDW (fL) 9.85±1.45 10.34±1.52 0.13 

bPLT (10³/mm³) 337.07±112.74 329.12±74.35 0.70 

aMCV (fL) 78.75 (76.27-83.22) 80.90 (78.30-86.60 0.02* 

aMCH (pg) 26.15 (24.80- 27.70) 27.20 (26.00-28.40) 0.04* 

aMON (10³/mm³) 0.77 (0.55-1.07) 0.59 (0.46-0.73) 0.00* 

aEOS (10³/mm³) 0.14 (0.05-0.32) 0.18 (0.09-0.30) 0.31 

aBAS (10³/mm³) 0.03 (0.02-0.05) 0.04 (0.03-0.05) 0.47 

aNeutrophil (10³/mm³) 3.26 (1.39-4.38) 3.19 (2.22-4.04) 0.42 

aFasting glucose (mg/dL) 88.00 (85.00-93.00) 85.00 (80.00-89.00 0.07 

aAST (U/L) 36.50 (30.75-41.25) 26.00 (20.00-32.02) 0.00** 

aALT (U/L) 16.00 (12.00-20.50) 15.00 (11.00-18.00) 0.18 

aCRP (mg/L) 4.10 (1.00-7.50) 1.00 (1.00-3.00) 0.00* 

aAlbumin (g/L) 44.30 (42.54-45.36) 46.32 (44.52-47.22) 0.00** 

bUrea (mg/dL) 18.13±6.78 19.26±5.70 0.13 

bCreatinine (mg/dL) 0.39±0.10 0.46±0.12 0.06 

bNa (mmol/L) 137.60±2.25 138.66±1.79 
0.06 

bK (mmol/L) 4.71±0.49 4.42±0.29 
0.00* 

bCa (mg/dL) 9.88±0.52 9.95±0.51 
0.57 

bMg (mg/dL) 2.21±0.20 2.15±0.21 
0.06 

a: Mann-Whitney U test, b: Independent samples t-test, *p<0.05, **p<0.01 
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Statistical analysis 
SPSS for Windows version 18.0 was used for data 
entry and statistical analysis (SPSS Inc. Chicago, IL, 
USA). The conformity of the data to the normal 
distribution was tested using visual and analytical 
methods.  Arithmetic mean, standard deviation (SD), 
and median (1st quartile-3rd quartile (IQR)) were 
used to evaluate numerical data. Categorical data 
were summarised using frequencies and 
percentages. To compare categorical data, the chi-
square test (χ2) was used. Non-normally distributed 
numerical data were compared using the Man-
Whitney U test. The Kruskal-Wallis test was used for 
the evaluation of three or more groups with numerical 
data that were not normally distributed. Pairwise 
comparisons between groups with significant 
Kruskal-Wallis test results were post-hoc Man-
Whitney U test with Bonferroni correction. The 
Spearman correlation coefficient has been used to 
analyse the correlations between numerical variables 
that are not normally distributed. Spearman 
correlation coefficients were considered to be highly 
correlated if they were less than 0.19, low if they were 
0.20-0.39, moderate if they were 0.40-0.69, high if 
they were 0.70-0.89, and very high if they were 
greater than 0.90. The diagnostic decision-making 
properties of kallistatin levels in predicting disease 
were assessed using receiver operating 
characteristics (ROC) curves. Statistical significance 
has been defined as p < 0.05.  
 
Ethical Approval  
The KTO Karatay University, Faculty of Medicine, 
Ethics Committee for Non-Drug and Medical Device 
Research, has approved this study (Date: 
31.03.2023, Number: 2023/011) in accordance with 

the tenets of the Declaration of Helsinki. The article 
complied with research and publication ethics.  
 
RESULTS 
Twenty-six (12F, 14M) patients diagnosed with 
bronchitis (B), 16 (10F, 6M) patients diagnosed with 
bronchitis and tonsillitis (BT), 47 (26F, 21M) healthy 
controls were included in this study. Among the 
patients diagnosed with bronchitis (n: 42), there were 
also patients (n: 16) who used drugs to treat tonsillitis. 
There were no other comorbidities in the patient 
group. Mean age of patients (B+BT) was 2.43 years, 
mean age of controls was 2.9 years. Between patient 
(B+BT) and control group there was no difference in 
age and gender (p>0.05).  
When comparing the patient (B+BT) and control 
groups in terms of laboratory parameters, HGB, RBC, 
MCV, MCH, albumin were significantly lower, AST, 
CRP, K, monocytes, and kallistatin were significantly 
higher in the patient group compared to the control 
group (p<0.05). The kallistatin levels were 7.20 ng/mL 
(4.45 - 17.10) in the patient group and 4.20 ng/mL 
(3.10 - 8.90) in the control group. Table 1 and Table 
2 show the laboratory data of the patient and control 
groups. When we compared the laboratory 
parameters of the patient group within themselves, 
there was no statistically significant difference 
between the B and BT patient groups in terms of any 
other parameter except kallistatin (p>0.05). The 
kallistatin levels in group B were 5.45 ng/mL (2.78-
7.10), and kallistatin levels in group BT were 19.50 
ng/mL (11.30-22.10). 
Comparing the laboratory parameters of the 3 groups 
(B, BT and control), AST and CRP levels were 
significantly higher in both the B and BT groups than 
in the healthy control. In addition, kallistatin levels 
were significantly higher in the BT group than in the B 

Table 2. Comparison of the groups with regard to the kallistatin levels.  
 

Laboratory findings Patient (B+BT = n: 42) Control (n: 47) p value 

Kallistatin (ng/mL)    7.20 (4.45-17.10) 4.20 (3.10-8.90) 0.03* 

 Patient (B, n: 26) Patient (BT, n: 16) Control (n: 47)  

Kallistatin (ng/mL) 
a, c 5.45 
(2.78-7.10) 

a, b 19.50 
(11.30-22.10) 

b, c 4.20 
(3.10-8.80) 

a:<0.01** 
b: <0.01** 
c: >0.05 

Data are expressed as median-IQR, Statistics for two groups: Mann-Whitney U, Statistics for three groups:  Kruskal Wallis 
Test, *p<0.05, **p<0.01 
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and control groups (p<0.01). There was no 
statistically significant difference in kallistatin 
between the B and control groups (p>0.05) (Table 2).  
When all participants' data were analysed for 
correlations, there was a moderately significant 
negative correlation between kallistatin and age (r: -
0.554, p: 0.00), kallistatin and creatinine (r: -0.581, p: 
0.00), a moderately significant positive correlation 
weakly significant positive correlation between 
kallistatin and vitamin D (r: 0.381, p: 0.009), kallistatin 
and WBC (r: 0.360, p: 0.001). Table 3 shows the 
significant correlation values of the patient and control 
groups.  
We performed ROC curves and AUC analyses to 
investigate the predictive power of kallistatin. We 
found that the AUC for kallistatin was 0.631 (p=0.033, 
CI=0.512- 0.751) in the ROC analysis performed 
between the patient (B+BT) and control groups. 
Figure 3 shows the ROC analysis graph. 
 
DISCUSSION 
In this study, healthy controls and patients diagnosed 
with bronchitis were compared for kallistatin levels. 
Our findings showed that kallistatin levels were 
significantly higher in the patient groups than in the 
control groups.  
Bronchitis is among the lower respiratory tract 
infections that are frequently seen at early ages. 
There is no specific laboratory parameter that can be 
used to diagnose bronchitis (3,12). There are studies 
that suggest a significant association between low 
hemoglobin levels and lower respiratory tract 
infections (13-15). In a 2021 study of 101 infants 

diagnosed with acute bronchiolitis and 62 healthy 
controls, HGB levels were found to be lower in the 
patient group and it has been reported that HGB 
levels and the severity of bronchiolitis have a 
significantly negative correlation (16).  In our study, 
there was no patient diagnosed with anemia, but 
HGB, RBC, MCV and MCH levels were significantly 
lower in the patient group than in the healthy control 
group. When we compared the patient group as B 
and the BT group, there was no significant difference 
in laboratory parameters between the groups. 
CRP is an acute phase reactant that increases in the 
blood during inflammatory reactions. CRP elevation 
is seen in most inflammatory diseases. In a study of 
149 infants diagnosed with bronchiolitis, increased 
plasma CRP levels and the CRP/albumin ratio were 
associated with the need for advanced respiratory 
support in infants with acute bronchiolitis. Plasma 
albumin is a well-known negative acute phase 
reactant and its low level may indicate a poor 
prognosis. A study showing that hypoalbuminemia 
increases the risk of apnea in bronchiolitis supports 
this information. Another study showed an 
association between hypoalbuminemia and the need 
for neonatal intensive care (17). In our study, we 
found that the levels of CRP were higher and the 
levels of albumin were lower in the group of patients 
compared to the control group, which supports the 
literature.  
Kallistatin is a protein produced naturally in the body 
and has many biological functions. Kallistatin is 
known to play an important role in the prevention of 
several diseases, through anti-angiogenic, anti-

Table 3. Spearman's correlation coefficients of patient and control groups 
 

 Correlations Correlation coefficient (r) Level P value 

Patient 
(B+BT= n: 42) 
 

Age - Creatinine 0.740 High 

p<0.01 

Age - Urea 0.710 High 

Kallistatin - Creatinine -0.469 Moderate 

Kallistatin - Age -0.397 Low 

 Kallistatin - Creatinine -0.538 Moderate 

 Kallistatin - D vit 0.457 Moderate 
Control 
(n: 47) Kallistatin - Mg 0.446 Moderate 

 Kallistatin - Age -0.440 Moderate 
 Age - Creatinine 0.409 Moderate 
Statistics: Spearman's correlation test, p < 0.05 statistical significance 
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inflammatory, anti-apoptotic and antioxidant effects. 
(6,7,18,19). Kallistatin levels are reduced in animal 
models of hypertension, septic shock, diabetes 
mellitus and liver neoplasia (20-23). However, in 
patients with diabetic vascular complications and 
rheumatoid disease, kallistatin levels have been 
shown to be elevated (24-26). Kallistatin has been 
studied in various diseases, but there is no literature 
investigating the relationship between bronchitis and 
kallistatin. If we look at the studies that have 
investigated kallistatin levels in community-acquired 
pneumonia, there are data that kallistatin levels are 
lower in such diseases than in the control group. A 
2013 study of 54 patients with community-acquired 
pneumonia and 17 healthy controls reported that 
lower kallistatin levels were associated with more 
severe disease risk and increased mortality. A study 
investigating kallistatin in community-acquired 
pneumonia (CAP) found that kallistatin was 
significantly depleted in CAP patients (8.3 μg/mL) 
compared to healthy subjects (17.2 μg/mL). In the 
study, they found an AUC value of 0.683 for kallistatin 
levels measured on the first day of ICU admission 
between the surviving and non-surviving groups. In 
the study, low plasma kallistatin levels on day 1 were 
associated with the development of septic shock and 
acute respiratory distress syndrome in patients with 
severe CAP. In addition, it was stated in the study that 
there was a negative significant correlation between 
kallistatin levels and CRP levels (10). The results of 
another study, conducted in 2018 on 53 children and 
55 healthy controls diagnosed with community-
acquired pneumonia, reported that the kallistatin 
levels in the patient group at admission were 
significantly higher than in the control group. When 
this study made a comparison by dividing the patient 
group into 3 subgroups (hospitalised, those requiring 
mechanical ventilation and ex) according to their 
complications, it also reported that the kallistatin 
levels in these groups were significantly higher than 
in the healthy control group (27). The results of the 
study by Hangül M. et al. (27) are contrary to other 
information and expectations in the literature. To the 
best of our knowledge, this is the first study to show 
the role of kallistatin in children who have been 
diagnosed with bronchitis. Kallistatin levels were 
significantly higher in the patient group than in the 
control group in our study. In the ROC analysis 
performed between the patient (B+BT) and control 
groups, we found that the AUC for kallistatin was 
0.631. When we looked at the differences by dividing 

the patient group into 2 groups (B, BT), we found that 
the kallistatin levels in the BT group were significantly 
higher than both the B group and the healthy control 
groups. Between the healthy controls and the B 
group, there was no significant difference in kallistatin 
levels. We believe that the significantly higher 
kallistatin levels in the BT group compared to the 
other two groups may be due to the use of antibiotics 
to treat tonsillitis in patients in the BT group, or that 
kallistatin levels may have increased during the 
recovery period. We could not find any information in 
the literature on the effect of antibiotic use on 
kallistatin levels to compare with our study. 
 
Study limitations  
The low number of patients in the study and the fact 
that some patients diagnosed with bronchitis were 
treated for tonsillitis are important limitations. Most 
studies have emphasised the need for repeated 
measurements for kallistatin. Another limitation of our 
study is the use of plasma samples taken at the time 
of initial diagnosis and the inability to perform 
repeated measurements of kallistatin.  
 
 
CONCLUSION 
We designed this study expecting kallistatin levels to 
be lower in the group of patients with bronchitis, but 
the fact that kallistatin levels were not statistically 
different in the patient group compared to the healthy 
control group showed that kallistatin measurement 
was not useful for the diagnosis and follow-up of 
bronchitis. As a result, kallistatin levels were 
significantly higher in the patient group than in the 

 
Figure 3. The ROC analysis for kallistatin (AUC: 0.631).  
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control group. The high kallistatin levels in the patient 
group were due to the high kallistatin levels in the 
group of 16 patients (BT) with bronchitis who were 
treated for tonsillitis. There was no difference in 
kallistatin levels between the group diagnosed with 
bronchitis only and the healthy control group. More 
comprehensive studies with repeated kallistatin 
measurements are needed to understand whether 
kallistatin levels are important in the diagnosis and 
management of bronchitis and to confirm our findings. 
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INTRODUCTION 
 Alpine Skiing competitions comprise two speed and 
two technical categories, differentiated by the turning 
radius, speed and course length. The speed category 
includes downhill and super giant slalom (super G) 
(1), while the technique category includes slalom (SL) 
and giant slalom (GS) (2). Although a high level of 
anaerobic power is required, aerobic power is also 
substantially important in alpine skiing (3). In addition, 
the use of explosive power has also been reported 
during skiing activities (4), and eccentric movements 
have been reported to be widely used during alpine 
skiing competitions (5). Significant intramuscular 

pressure increases have been reported during the 
turning phase, resulting in a more anaerobic load (2). 
All such activities result in metabolic processes, 
including muscle ischemia, hypoxia and changes in 
ion concentrations in the body (6). In addition, the 
high degree of knee flexion and the continuous 
muscle contractions, typically experienced during 
skiing competitions contribute to a decrease in 
oxygen delivery to the active muscles. In conclusion, 
the blood perfusion of active muscle is decreased due 
to a greater decrease in the blood volume, increased 
lactate accumulation and an unproportionally high 
heartbeat (7). Hereby, muscle ischemia and a greater 

ABSTRACT 
Purpose: The present study evaluates angiogenesis response through the determination of acute 
changes in hypoxia inducible factor 1 alpha, vascular endothelial growth factor, erythropoietin and 
endostatin levels measured after a single-session slalom and giant slalom trainings. 
Material and Methods: A total of 20 volunteer male athletes average age of 22.16 ± 4.86 years with no 
health problems, and with international alpine skiing competition experience were included in the study. 
At the outset, the height, body weight and VO2max values of the volunteers was measured, and a giant 
slalom training lasting 2.5 hours was performed after a week on a giant slalom course. The volunteers 
were then asked not to exercise for a week, and slalom training was performed lasting 2.5 hours on a 
slalom course. The endostatin, erythropoietin, hypoxia inducible factor 1 alpha, and vascular endothelial 
growth factor levels of the volunteers were examined from 5 ml venous blood samples drawn into 
biochemistry tubes 20 minutes before and as soon as trainings over both the giant slalom and slalom 
trainings. 
Results: A significant increase was determined in the hypoxia inducible factor 1 alpha, vascular 
endothelial growth factor, erythropoietin and endostatin levels after both the giant slalom and slalom 
trainings (p < 0.05). 
Conclusion: These increases observed in the angiogenesis markers suggests that a single-session giant 
slalom and slalom trainings induces angiogenesis responses. 

Keywords: Capillarization, Alpine Skiing, Performance, Ischemia 
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dependency on the anaerobic metabolism is 
experienced (2). 
Capillarization resulting from adaptation due to 
training can help the athlete cope with the metabolic 
and mechanical conditions that cause fatigue 
resulting from eccentric contractions, while providing 
an increase in the amount of blood delivered to the 
active muscles during exercise and a positive effect 
on performance (8). Muscle capillarization is 
important for the delivery of nutrients and oxygen to 
the exercise muscles. A higher capillary density may 
increase the muscle-blood exchange surface and 
decrease the oxygen diffusion distance and increase 
the erythrocyte mean transit time (9). 
Hypoxic conditions trigger a series of physiological 
and pathophysiological responses and adaptations 
such as vasculogenesis, angiogenesis and 
erythropoiesis to protect the organism (10). 
Angiogenesis refers to the growth of new capillary 
vessels from the previously present vessels (11) and 
is stimulated by the metabolic cycle and hypoxia (12) 
as well as by the mechanical factors such as shear 
stress and the passive stretching of muscle fiber 
(13,14). High-intensity training has been considered 
a powerful stimulus for angiogenesis, since metabolic 
demand, blood deoxygenation and blood flow are 
increased together with the increased workload (15). 
High-intensity interval training and low intensity 
endurance training have been shown to exert equal 
effects on angiogenesis in those who are untrained 
(16). 
Regulating proteins such as hypoxia inducible factor 
1 alpha (HIF-1α), vascular endothelial growth factor 
(VEGF), erythropoietin (EPO) and endostatin are 
known to play a key role in the proangiogenetic 
process. HIF-1α, VEGF and EPO support 
angiogenesis, while endostatin has a tendency to halt 
the angiogenetic process (17). Previous studies have 
investigated the chronic angiogenesis response to 
training, while studies of acute angiogenesis 
response are limited. To our best of our knowledge, 
there has been no study to date on angiogenesis as 
a response to alpine skiing competition or training.  
The present study, therefore, investigates the acute 
changes in HIF-1α, VEGF, EPO and endostatin levels 
in post-training for both slalom and giant slalom, 
which are included in the alpine skiing technical 
category, and also to evaluate the angiogenesis 
response that is considered to have a positive effect 
on skiing performance.    
 

MATERIAL AND METHODS 
Volunteer groups and ethical approval 
Included in the study were 20 volunteers male 
athletes average age of 22.16 ± 4.86 years with no 
health problems, and with international alpine skiing 
competition experience. Approval for the study was 
obtained from the Clinical Investigations Ethics Board 
of Erciyes University (Decision Date: 20.01.2017, 
Number: 2017/32) prior to the start of the study. All 
testing and training procedures were fully explained, 
and written informed consent was obtained for each 
participant. The study was supported by the Erciyes 
University Scientific Research Projects Coordination 
Unit, project number TYL-2017-7493. 
 
Experimental Design 
At the outset of the study the height, body weight and 
VO2max values of the volunteers were measured. A 
giant slalom training session lasting 2.5 hours was 
completed a week later on a giant slalom course 
homologated by the International Ski Federation 
(FIS). The volunteers were then asked not to exercise 
for a week, and a further slalom training session was 
performed lasting 2.5 hours on a slalom course that 
was also homologated by the FIS. The study 
participants all provided a 5 ml venous blood sample 
20 minutes before and as soon as trainings over both 
the giant slalom and slalom training sessions, drawn 
into biochemistry tubes, and the obtained samples 
were sent immediately to the Department of Medical 
Biochemistry of the Faculty of Medicine of the Erciyes 
University. 
 
Measurements 
The height of the volunteers was measured while 
standing against the wall using a height scale with 
0.01 cm sensitivity, and the body weight was 
measured using an electronic scale with 0.1 kg 
sensitivity. An exercise protocol with incremental 
running test was applied on a motorized treadmill 
(h/p/Cosmos Quasar med, Nussdorf-Traunstein, 
Germany) to determine the VO2max of the athletes. 
Throughout the VO2max test, breath-by-breath gas 
measurements were taken using an indirect 
calorimetric system (Quark PFT Ergo, Cosmed Srl, 
Rome, Italy) which was calibrated before the test to 
the manufacturer’s instructions. The test started with 
running at a 0% incline at a speed of 7 km/hour, and 
the speed was increased by 1 km/hour every minute. 
The athletes were asked to continue the exercise until 
they were exhausted. The criteria for having reached 
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the VO2max for the athletes were accepted as 
reaching the maximal heart rate (220-age), a 
respiratory exchange ratio (RER) greater than 1.10 
and a plateauing of oxygen intake despite increased 
exercise intensity (18). The highest 15 second 
oxygen intake value at the time when at least these 
two of the criteria were met was accepted as the 
VO2max value (ml/kg/min). 
 
Blood Analyses 
The blood samples sent to the biochemistry 
laboratory were centrifuged at +4°C at 1500 g for 15 
minutes, and the separated serum samples were 
stored at -80 °C in small pieces until the study date. 
The levels of HIF-1α (Cusabio Technology LLC, Cat 
No: CSB-E12112h), VEGF (ThermoFisher Scientific, 
Cat No: KHG0111), EPO (ThermoFisher Scientific, 
Cat No:  BMS2035-2) and endostatin (Cusabio 
Technology LLC, Cat No: CSB-E07973h) in the 
serum samples were determined using the ELISA 
technique. 
 
Training Applications for Giant Slalom and 
Slalom 
The giant slalom training course was prepared by the 
national Turkish alpine skiing team coach using a 
giant slalom course that was homologated by the FIS. 
A total of 36 giant slalom gates, 28 meters apart were 
laid out on the course, which had a 300-meter altitude 
difference. The volunteers trained for 2.5 hours on the 
prepared giant slalom course.  
The slalom training course was also prepared by the 
national Turkish alpine skiing team coach on a slalom 
course homologated by the FIS. A total of 42 slalom 
gates, 10 meters apart were laid out on the course, 
which had a 120-meter altitude difference. The 
volunteers trained for 2.5 hours on the prepared 
slalom course. 

Statistical Analysis 
The data obtained in the study were analyzed using 
IBM SPSS Statistics (Version 25.0. Armonk, NY: IBM 
Corp.). After conducting descriptive analyses, the 
data were evaluated to determine the normality of 
distribution using a Shapiro-Wilk test, skewness and 
kurtosis levels and histogram and Q-Q and P-P 
graphics and were found to be non-normally 
distributed. A Wilcoxon Signed Ranks Test was used 
to compare the blood analyses before and after the 
training sessions. The level of significance was set at 
p < 0.05. 
 
RESULTS 
The age, height, body weight and VO2max levels of 
the volunteers participating in the study are presented 
in Table 1. 
The pre- and post-giant slalom training Endostatin, 
EPO, HIF-1α and VEGF levels are presented in Table 
2, in which the Endostatin, EPO, HIF-1α and VEGF 
levels can be seen to be significantly increased 
following giant slalom training (p<0.05).  
The pre- and post-slalom training Endostatin, EPO, 
HIF-1α , and VEGF levels are presented in Table 3, 
where Endostatin, EPO, HIF-1α and VEGF levels can 
be seen to be significantly increased after slalom 
training (p<0.05). 

Table 2. Comparison of the Pre-and Post- Giant Slalom Training Values     

  n Median (25-75%) z p 
Endostatin (ng/mL) Pre-training  15.33 (9.92-21.25) -2.156 0.031* 

Post-training  17.49 (10.63-25.40) 
EPO (mlU/mL) Pre-training  6.07 (5.40-6.85)  

-3.288 
 

0.001* Post-training 20 8.95 (7.13-10.25) 
HIF-1α (pg/mL) Pre-training  292.39 (203.57-372.55)  

-3.724 
 

< 0.001* Post-training  331.84 (251.11-415.24) 
VEGF (pg/mL) Pre-training  125.09 (94.23-155.32)  

-2.373 
 

0.018* Post-training  130.39 (96.15-172.20) 
*p < 0.05 

   Table 1. Descriptive Information of the Volunteers 
 

 n ±SD Min. Max. 

Age (years)  
 
20 

22.16±4.86 18 27 
Height (cm) 178.07±3.42 169 182 
Body weight 
(kg) 

 
80.69±8.46 

 
67 

 
98 

VO2max 

(ml/kg1/min-1) 
 

50.71±2.87 
 

45.41 
 

54.22 
 
 

X
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DISCUSSION 
HIF-1α has been reported to be a transcription factor 
mediating adaptive responses to low cellular oxygen 
levels (19) and has also been reported to 
transcriptionally activate hundreds of genes 
associated with angiogenesis in cancer, exercise and 
ischemia, energy metabolism, nutrient transport and 
cell migration (20). Furthermore, HIF-1α gene 
transfer has been demonstrated to increase muscle 
perfusion and collateral vessel formation in the 
ischemic rabbit hind limbs (21). Decreased arterial O2 
saturation and PiO2 of exercise origin has been 
reported to activate HIF-1, and HIF-1α to 
independently stimulate angiogenesis and thus 
facilitate muscle oxygen extraction (22).  
The increased O2 consumption during exercise leads 
to a decrease in PiO2 levels, while the addition of 
environmental hypoxia to exercise further decreases 
the already lowered PiO2 (22). Exercise in hypoxia or 
normoxia has been reported to increase muscle HIF-
1α mRNA (23), protein content, and also the degree 
of nucleus translocation of HIF-1α and DNA binding 
activity (24). These observations, independent of the 
arterial O2 saturation, suggest that any decrease in 
PiO2 of exercise origin is likely sufficient to 
completely activate HIF-1α (22).  
The increased intramuscular pressure resulting from 
the high intensity contractions during alpine skiing 
may limit blood flow to the working skeletal muscle 
and may even stop it altogether (25). This condition 
results in decreased tissue oxygenation and the 
muscle becomes ischemic due to the decrease in 
oxygen supplied to the functioning muscles. A 
decrease in oxygen saturation in the quadriceps 
muscle has been reported in young well-trained 
skiers during GS and SL (2).  

HIF-1α levels were found to be significantly increased 
after both slalom and giant slalom training in the 
present study (p < 0.05), suggesting that the level of 

hypoxemia to which skeletal muscles are exposed 
during a single unit alpine skiing training session 
increases HIF-1α production and triggers 
angiogenesis.  
HIF-1 activation has been reported to be important in 
VEGF release in skeletal muscle angiogenesis upon 
exercise (26), and VEGF release has also been 
reported to occur through HIF-1α transcription (19). 
Additionally, VEGF has been reported to be of vital 
importance for training originated angiogenesis (27). 
VEGF has been identified as a key regulator of 
physiological angiogenesis (11,28), and has been 
shown to increase during exercise (29). An 
inadequate level of O2 in skeletal muscle tissue has 
been shown during exercise, and this has been 
demonstrated to cause an increase in VEGF mRNA 
and protein levels in skeletal muscle tissue (30,31). 
Such an increase in VEGF mRNA and protein levels, 
it has been suggested, may cause new capillary 
vessels along the chemical gradient of VEGF (32). On 
the other hand, increased physical exercise has been 
reported to increase total skeletal muscle blood flow, 
while emergent mechanical stress has been reported 
to play a very important role in angiogenesis through 
increased VEGF production (33). 
Nevertheless, interval training has been suggested to 
be as equally effective as endurance training in 
increasing capillarization (16). Repeated exercise is 
reported to have the potential to complicate muscle 
oxygen homeostasis, since a single exercise session 
is associated with muscle hypoxia (34). Increased 
VEGF levels have been recorded after a single unit of 
exercise (35). It has also been reported that higher 
intensity exercise produces a higher venous plasma 
VEGF level than lower intensity exercise (36).  
Loading intensity may be high during alpine skiing 

training. Heartrate, VO2 and blood lactate levels have 
been recorded at 201.7 + 2 bpm, 38.50 + 2.34 
ml/kg/min, and 10.13 + 0.43 mmol/L, respectively 

459 

Table 3. Comparison of the Pre-and Post- Slalom Training Values  
  n Median (25-75%) z p 
Endostatin (ng/mL) Pre-training  24.71 (15.20-37.07)  

-3.527 
 

< 0.001* Post-training  33.35 (26.15-44.46) 
EPO (mlU/mL) Pre-training  6.97 (5.40-8.62)  

-3.516 
 

< 0.001* Post-training 20 10.47 (7.63-12.50) 
HIF-1α (pg/mL) Pre-training  328.18 (213.92-399.96)  

-2.722 
 

0.006* Post-training  365.74 (328.91-447.85) 
VEGF (pg/mL) Pre-training  118.01 (94.69-172.80)  

-3.154 
 

0.002* Post-training  137.40 (99.51-196.32) 
*p < 0.05 
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during a single giant slalom running (37). In addition, 
alpine skiing training sessions include consecutive 
interval loadings. Athletes reach the start point using 
the mechanical plant after completing the training run 
on a course, and approximately 15 minutes pass 
between the two loading periods. 
The present study also revealed significantly 
increased VEGF levels after both GS and SL, 
concurring with the results of the studies mentioned 
above (p < 0.05). The obtained data suggest that a 
single unit alpine skiing training increases VEGF 
release and stimulates angiogenesis.  
One of genes that HIF-1α regulates its transcriptions 
to produce cellular adaptation against low PO2 is 
EPO (38). It is well known that the primary function of 
EPO is to stimulate erythropoiesis and to increase the 
oxygen transfer to working muscles during exercise 
(39). Furthermore, it has been suggested that EPO 
leads to a decrease in lactate production during 
submaximal exercise (40), affecting also local 
vascular and skeletal muscle properties by 
stimulating localized angiogenesis and slow oxidative 
fibril-type changes, respectively (41,42). 
There is evidence that EPO may stimulate an 
increase in mitochondrial activity, and thus increase 
the oxidative metabolic properties of human muscle 
fibers (43). EPO may possibly stimulate, whether 
directly or indirectly, an increase in muscle oxidative 
capacity, although this has yet to be confirmed. 
Erythropoietin also has been suggested to exert 
angiogenic effects on growing or repairing tissues 
(41). Taking these findings in consideration together, 
it can be suggested that EPO has an effect similar to 
endurance training, which is known to induce muscle 
mitochondrial biogenesis and growth, and to increase 
oxidative enzymatic activity, angiogenesis induction 
and the transition to muscle fiber type (39). 
After the GS and SL trainings EPO levels were found 
to be significantly increased in the present study (p < 
0.05). In the light of the above information, the 
elevated EPO levels after skiing training suggest that 
EPO induces the physiological adaptations required 
by both angiogenesis and alpine skiing. 
Endostatin has been shown to inhibit angiogenesis by 
preventing the proliferation and migration of 
endothelial cells (10). Endostatin prevents the 
progression of atherosclerosis (44), and the primary 
growth of tumors and metastasis (45) by inhibiting 
angiogenesis. A significant increase was observed in 
endostatin levels after both giant slalom and slalom 
training in the present study (p<0.05), and this 

increase is thought to be an anti-angiogenic effect 
against the angiogenic effect originating from the 
increased HIF-1α, VEGF and EPO levels. 
That said, several authors have reported that 
endostatin may function as an angiogenic modulator 
rather than an anti-angiogenic agent (46,47). Schmidt 
et al. (46,48) determined both the proangiogenic and 
anti-angiogenic dose-dependent effects of 
endostatin, although further studies are required to 
definitively determine the angiogenic modulator effect 
of endostatin. 
In parallel to the findings of the present study, Gu et 
al. (49) reported an increase in plasma endostatin 
levels in circulation after a treadmill exercise test due 
to exercise proportionate to the intensity of the 
exercise. Suhr et al. (10) reported a significant 
increase in the plasma concentration of endostatin 
following physical exercise, independent of such 
exogenously induced stimuli as normobaric hypoxia 
and mechanical loading. Sponder et al. (50), in their 
study of healthy young male and female volunteers, 
reported a significant increase in serum endostatin 
levels, by 23.6% and 26.92% in females and males, 
respectively during a maximal cycling exercise test.   
In addition, endostatin has been reported to lead to 
vasorelaxation by increasing in vitro cytosolic nitric 
oxide (NO) production (47), and it is therefore 
considered to be one of the mechanisms regulating 
blood flow during high intensity physical activity (10). 
It has been stated that vasorelaxation provides more 
O2 and metabolites to the tissue, which is an 
advantage during exercise (50). The increase in 
endostatin levels reported in the present study 
suggests that endostatin release may be induced due 
to the increased requirement for vasodilation in the 
active tissues during exercise, in addition to the anti-
angiogenic effects of endostatin. 
 
CONCLUSION 
In conclusion, a significant increase was observed in 
HIF-1α, VEGF, EPO and Endostatin levels after  a 
single-session slalom and giant slalom trainings in the 
present study. This increase observed in 
angiogenesis markers supports that a single unit 
alpine skiing training induces the production of 
angiogenesis. An increase in the amount of 
capillarization in response to alpine skiing training will 
result in an increased capacity of blood flow in the 
active muscles. Thus, it will be possible to contribute 
to optimal performance by providing more oxygen 
and substrates to the active muscles during loading 
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and more efficient removal of accumulated metabolic 
wastes. 
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INTRODUCTION 
 The climacteric period, which includes 
premenopause, menopause, and postmenopause 
stages, represents the transition from the 
reproductive age to the post-reproductive age (1). 
Premenopausal period; it is the late reproductive 
period when fertility begins to decline and a woman 
begins to see changes in her menstrual cycles. 
Menopausal period; it is the period in which bleeding 
does not occur for at least 12 months after the last 

menstrual bleeding. The postmenopausal period, is 
defined as the period of time that starts after 
menopause and lasts until the beginning of the old 
age period (2-4). Although dynamic changes in 
physical, mental and social health are experienced 
during the climacteric period, these changes can 
negatively affect women's quality of life (5,6). The age 
at menopause differs according to many factors, and 
the average age at menopause in Turkey is 47 (7). 
Considering that the average life expectancy at birth 

ABSTRACT 
Purpose: This research was directed to determine the connection betwixt perceived gender roles and 
menopausal symptoms experienced in women. 
Material and Methods: The research was designed in descriptive type and was made in family centers 
in Turkey. The study group of the research consists of 465 women. “Personal Information Form”, 
“Menopause Rating Scale” “BEM Gender Roles Inventory” were used to collect the data. Research data 
were evaluated with SPSS 27 and descriptive statistics, Kolmogorov-Smirnov, Kruskal Wallis, Mann 
Whitney U test were used. 
Results: Women's MRS total mean score was 17.45±8.37, somatic complaints mean score was 
6.39±3.50, psychological complaints mean score was 7.31±3.75, urogenital complaints mean score was 
3,74±2,77. It was detected that 48.2% of the women adopted the androgynous role. A statistically 
discernible difference was detected betwixt the mean scores of MRS urogenital complaints according to 
the gender roles adopted by the women participating in the study (p=0.024<0.05). The mean urogenital 
complaints sub-dimension score of women who perceive themselves as masculine was found to be 
statistically significantly lower than the other gender role groups. 
Conclusion: It has been determined that women who describe themselves as masculine experience less 
urogenital complaints from menopausal symptoms than women who describe themselves as feminine, 
androgynous and ambiguous. 

Keywords: Gender role, gender role inventory, menopause, menopausal symptoms, nursing. 
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in our country is 81 years, it is seen that women 
expend a significant part of their lives in the 
menopause period. Menopausal women experience 
complaints about many different body systems, from 
vasomotor complaints to emotional symptoms, from 
sexual function changes to musculoskeletal problems 
(8,9). These complaints can cause negative changes 
in women's well-being, body image perception and 
self-esteem (9-11). Although the severity of these 
complaints varies from person to person, they are 
affected by many factors. Factors affecting this 
process include the age and type of menopause, 
perception of social support, socio-cultural and socio-
economic conditions, and gender perception. It has 
been reported that one of the factors affecting 
menopausal complaints is personality traits (12,13). 
Sex is a feature related to reproductive functions that 
explains the biological aspect of being male or 
female. Gender identity is the way individuals define 
themselves in terms of their feminine or masculine 
personality traits. Gender role, is when individuals 
perceive their own identity as male or female and 
reveal the behaviors and attitudes required by their 
gender (14). Traditionally, assumptions about gender 
have suggested that the development of knowledge, 
skills, interests, behaviors and social roles will be 
different according to the gender of individuals (15). 
Contrary to the traditional approach, it is emphasized 
that it is possible for individuals to be psychologically 
healthy by turning to gender roles that are satisfying, 
appropriate and allow for self-actualization (16,17). In 
the light of this information, it is thought that women's 
being psychologically healthy and compatible can 
only be achieved by turning to gender roles that are 
suitable for them, and that the complaints they 
experience during menopause may be related to their 
gender role. In the literature, there is no research 
examining the effect of women's perceptions of 
gender roles on menopausal complaints. Therefore, 
this research was conducted to determine the 
connection betwixt women's perceptions of gender 
roles and menopausal symptoms. 
 
MATERIAL AND METHODS 
Design 
The study was approved by the Non-Interventional 
Ethics Committee of Lokman Hekim University (Date: 
27.05.2021 Decision No: 2021/056) and permission 
from the family center coordinator where the research 
was conducted. The research is planned as a 
descriptive study. It was conducted between April 

2022 and June 2022 in family centers working under 
a metropolitan municipality in Turkey. In family 
centers, there are physical development courses, 
various social activities such as music and painting, 
and children's clubs.   
 
Sample 
The target group of the study be made up of women 
aged 45 and over who applied to family centers for 
any reason. The sampling calculation of the study 
was based on the study conducted by Pérez-
Herrezuelo et al. (2020). Accordingly, it was aimed to 
reach 400 women as a result of the sampling 
calculation made with an effect size of 0.254, a 
margin of error of 0.05, and a power of 99%. The 
study was completed with 465 women (18). G Power 
3.1.9.2 Package program was used to calculate the 
sample size. 
Inclusion Criteria 
• Being between the ages of 45-65, 
• Being in the menopausal or postmenopausal period, 
• Not having undergone surgical menopause, 
• Absence of a diagnosed psychiatric illness. 
Dependent Variables of the Study  
Scores obtained from the Menopause Rating Scale  
Independent Variables of the Study 
Women's perceived gender roles and their 
descriptive characteristics. 
 
Measurement 
Data in the study were collected using the “Personal 
Information Form”, “Menopause Rating Scale” (MRS) 
and “BEM Sex-Role Inventory” (BSRI). 
• Personal Information Form 
The 9-question questionnaire was developed by the 
researchers and included questions about identifying 
characteristics (age, employment status, marital 
status, educational status, income status, 
menopause-specific and gender perception 
characteristics). 
• Menopause Rating Scale 
The validity and reliability study of the scale 
developed by Schneider, Heinemann et al. measuring 
the severity of menopausal symptoms in the Turkish 
population was evaluated by Can Gürkan (2005) (19). 
The four-point Likert-type and 11-item scale has 3 
sub-dimensions: “somatic complaints, psychological 
complaints and urogenital complaints”. Somatic 
complaints sub-dimension consists of 1st, 2nd, 3rd 
and 11th items and the highest score that can be 
obtained from this sub-dimension is 16. Psychological 
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complaints sub-dimension includes 4th, 5th, 6th and 
7th items and the highest score that can be obtained 
from this sub-dimension is 16. Urogenital complaints 
sub-dimension consists of 8th, 9th and 10th items and 
the highest score that can be obtained from this sub-
dimension is 12. The lowest score that can be 
obtained from the scale is 0 and the highest score is 
44. An increase in the total score indicates that 
menopausal symptoms increase and quality of life 
decreases. While the total Cronbach's alpha internal 
consistency coefficient of the scale was 0.84, it was 
found to be 0.65 for the somatic symptom, 0.79 for 
the psychological symptoms, and 0.72 for the 
urogenital symptoms.19 In this study, Cronbach's 
alpha coefficient was determined to be 0.85 for the 
total score of the scale, 0.68 for the somatic 
symptoms, 0.82 for the psychological symptoms, and 
0.65 for the urogenital symptoms. 
• BEM Sex-Role Inventory 
Dökmen (1999) conducted the validity and reliability 
study of the BEM Gender Role Inventory developed 
by Bem in 1974 in Turkish culture (20). The seven-
point Likert scale, consisting of 40 items, consists of 
two sub-dimensions: femininity and masculinity. The 
median values of the scores obtained from the sub-
dimensions describe the gender role of the 
participants. The cut-off score for the femininity sub-
dimension in the original scale was 111; The cut-off 
point for the masculinity sub-dimension was 
determined as 104. Femininity sub-dimension items 
in the scale: 1, 3, 5, 6, 7, 9, 11, 14, 16, 19, 22, 23, 24, 
30, 31, 34, 36, 37, 39.40 while masculinity sub-
dimension items It is 2, 4, 8, 10, 12, 13, 15, 17, 18, 
20, 21, 25, 26, 27, 28, 29, 32, 33, 35, 38. 
- If the femininity score, which is calculated by 

calculating the total score of the femininity and 
masculinity sub-dimensions separately for each 
individual, is below the median of the femininity 
score (≤111), and the masculinity score is above 
the median of the masculinity score (>104), the 
individual is considered "masculine". 

- If the femininity score is above the median of 
femininity (> 111) and the masculinity score is 
below the median of masculinity (≤104), the 
individual is considered "feminine". 

- If the femininity score is above the median of 
femininity (>111), and the masculinity score is 
above the median of masculinity (>104), the 
individual is defined as "androgynous (both 
feminine and masculine)”. 

- If the femininity score is below the median of 
femininity (≤111), and the masculinity score is 
below the median of masculinity (≤104), the 
individual is described as "ambiguous". 

While the total Cronbach's alpha internal consistency 
coefficient of the scale was 0.79, it was 0.73 for the 
femininity and 0.75 for the masculinity (20). In this 
study, Cronbach's alpha value was 0.88 for the total 
score, 0.84 for femininity and 0.85 for masculinity. 
 
Data Collection and Analysis 
The data were collected through face-to-face 
interviews with women. SPSS 27.0 (SPSS Inc., 
Chicago, IL, USA) program was used for data 
evaluation. The homogeneity of the data set was 
evaluated using the Kolmogorov-Smirnov Test and 
Kurtosis-Skewness values. As a result, it was 
determined that the data did not show normal 
distribution. Numerical variables that do not fit the 
normal distribution are given as mean, standard 
deviation, median, minimum and maximum values, 
while categorical variables are given as frequencies 
(percentiles). Kruskal Wallis Analysis of Variance and 
Mann Whitney U Test were used for numerical 
variables that did not show normal distribution for the 
difference between groups. 
Since the data were non-parametric, Permanova 
analysis, which is a non-parametric multivariate 
analysis of variance, was used to compare the mean 
MRS scores of women according to independent 
variables and Bray-Curtis method was used as the 
similarity index in this analysis. Statistically 
discernible level was accepted as p<0.05. 
 
RESULTS 
Table 1 shows the distribution of some demographic, 
menopausal, and gender-related characteristics of 
the participants. The mean age of the women was 
51.13±5.53 and the mean age of the last menstrual 
period was 46.65±3.92. Among the women who 
participated in our research, 84.7% are unemployed, 
87.5% are married and 38.3% are primary school 
graduates. It was set up that 42.6% of women 
perceived the menopause period as stress or 
depression, 53.8% were satisfied with having a 
female gender identity, and 18.7% would prefer to be 
a male gender (Table 1). 
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Table 2 shows the distribution of women's MRS total 
and sub-dimension mean scores. In our study, the 
mean MRS total score of women was 17.45±8.37, 
and it was found to be at a moderate level. When we 
look at the MRS sub-dimensions, it was set up that 
the mean score of the sub-dimension of somatic 
complaints was 6.39±3.50, the mean score of the 
sub-dimension of psychological complaints was 
7.31±3.75, and the mean score of urogenital 
complaints was 3.74±2.77 (Table 2). 
Table 3 shows the comparison of women's mean 
MRS scores according to independent variables. The 
mean MRS total and sub-dimension scores of women 
show a significant difference according to marital 
status, educational status, income level, perception of 
menopause period and level of satisfaction with the 
gender they have (p<0.05) (Table 3). 

The distribution of gender roles adopted by women is 
presented in Table 4. In our study, it was determined 
that 48.2% of women adopted androgynous role, 
30.1% adopted feminine role, 12.7% adopted 
ambiguous role and 9.0% adopted masculine role 
(Table 4). 
 Table 5 shows the comparison of the MRS sub-
dimension and total score averages according to the 
gender roles adopted by women. In our study, no 
statistically discernible difference was found between 
the mean MRS total score, somatic complaints and 
psychological complaints sub-dimension scores 
according to the gender roles adopted by women 
(p>0.05). A statistically discernible was detected 
betwixt the mean MRS urogenital complaints sub-
dimension scores according to the gender roles 
adopted by women (p=0.024<0.05). Statistical 
difference in which the group performed in order to 

Table 1. Distribution of Some Demographic, Menopausal-Specific and Gender Perception Characteristics (n=465) 
 
Features          X±SD Median Min-Max 
Age 51,13±5,53        50 45-65 
Last Menstrual Age 46,65±3,92       46 37-59 
                 n % 
Working Status Working 71 15,3 

Not working 394 84,7 
Marital Status Single 58 12,5 

Married 407 87,5 
Educational Status Uneducated 22 4,7 

Primary school 178 38,3 
 Secondary school 74 15,9 

High school 127 27,3 
University 64 13,8 

Income status Income less than 
expenses 

206 44,3 

 Income equal to 
expenses 

211 45,5 

 Income more than 
expenses 

48 10,3 

Perception of Menopause Period Relaxation 74 15,9 
 Inability to bear children 45 9,7 
 Loss 34 7,3 
 Stress/Depression 198 42,6 
 Aging 104 22,4 
 A natural process 10 2,2 
Satisfaction with Having a Female 
Gender Identity 

Very satisfied 134 28,8 
Satisfied 250 53,8 
Indecisive 44 8,6 

 Not glad 22 4,7 
 Not satisfied at all 19 4,1 
Gender She Would Prefer If He Had 
The Chance 

Female 378 81,3 
Male 87 18,7 
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determine where this originates from Mann-Whitney 
U test, as a result of self-describing as masculine 
women urogenital complaints sub-dimension points 
on average self-management from an average of 
points describing women as feminine as it was found 
to be significantly lower. At the same time, the mean 
urogenital complaint sub-dimension score of women 
who feel androgynous (3.50±2.89) was found to be 
significantly lower than the score of women who feel 
feminine. 
 
DISCUSSION 
In our study, women's MRS mean total score was 
17.45±8.37, somatic complaints mean score was 
6.39±3.50, psychological complaints mean score was 
7.31±3.75, and urogenital complaints mean score 
was 3,74±2,77 (Table 2). In the study conducted by 
Tümer and Kartal (2018) to determine the relationship 
betwixt menopausal attitudes and menopausal 
complaints in women, the mean MRS total score was 
14.65±7.62, the mean score of the somatic 
complaints 2.85±1.99, the mean score of the 
psychological complaints 8.96±4.94, and the 
urogenital score average of 5.35±3.09 (21). In the 
study of Khatoon et al. (2018) to evaluate 
menopausal symptoms of women in North India, it 
was reported that the most common symptom 
reported was joint and muscle disorders, followed by 
depressive mood symptoms (22). In the study of 
Zhang et al. (2021) to compare the severity of 
menopausal symptoms experienced by 
perimenopausal and postmenopausal women and 
included 4063 women, it was reported that women, 
regardless of group, most frequently experienced 
urogenital complaints including sexual problems (23). 
In the study of Ji et al. (2021), it was found that 
women experienced physical symptoms most 
frequently (24). The reason why our research results 
differ from the results of other studies may be that the 
severity and frequency of menopausal complaints 

differ from culture to culture, person to person, region 
to region and country to country. Sociodemographic 
status, cultural characteristics, and differences in 
lifestyle also change the frequency and perception of 
menopausal symptoms (9). 
As a result of multivariate analysis, a significant 
difference was determined in the mean score of 
urogenital complaints sub-dimension according to the 
marital status of the women and it was found that the 
mean score of urogenital complaints sub-dimension 
was higher in married women (Table 3). In other 
studies in the literature, similar to our results, married 
women were reported to experience urogenital 
symptoms more (25-27). The reason for this may be 
active sexual life, fertility and physical deformations 
seen due to advancing age.  
A significant difference was found between the mean 
scores of somatic complaints, psychosocial 
complaints and MRS total score according to the 
educational level of the women and it was determined 
that the severity of menopausal symptoms decreased 
with increasing educational level (Table 3). In a study 
similar to our results, it was reported that symptoms 
were felt milder with increasing educational level (22). 
The reason for this may be the increase in the level 
of awareness of the subject as the level of education 
increases. At the same time, considering that the 
level of health literacy increases as the level of 
education increases, women with a high level of 
education can learn and apply methods of coping with 
menopausal symptoms.  
In our study, it was found that as the income level of 
women increased, their experience of menopausal 
symptoms decreased (Table 3). In one study, it was 
reported that women with low income levels 
experienced more menopausal symptoms (28); in 
another study, it was reported that as women's 
economic status improved, their knowledge and 
attitudes towards menopause increased and thus 
they experienced fewer menopausal symptoms (29). 
they experienced fewer menopausal symptoms (29). 
The reason for this situation is thought to be the 
increase in the perceived income level of women, 
which increases their access to health services and 
thus their level of awareness about menopausal 
symptoms. 
In our study, it was determined that the mean total 
and subscale scores of MRS showed a significant 
difference according to women's perceptions of 
menopause and that women who perceived the 
menopause period negatively experienced  

Table 2. Distribution of Women's MRS Total and Sub-
Dimensional Scores (n=465) 

 
Features X±SD Median Min-Max 
MRS Total Score 17,45±8,37 18 0-43 
Somatic 
Complaints 

6,39±3,50 6 0-16 

Psychological 
Complaints 

7,31±3,75 7 0-16 

Urogenital 
Complaints 

3,74±2,77 3 0-12 
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 Table 3. Comparison of Women's MRS Total and Sub-Dimension Mean Scores According to Independent Variables (n=465) 
 

   MRS 

Independent Variables  Somatic 
Complaints 

Psychological 
Complaints 

Urogenital 
Complaint
s 

Total Score 

  n X±SD X±SD X±SD X±SD 

Working Status 
Working 71 6,26±3,94 6,67±3,66 3,16±2,78 16,11±8,47 
Not working 394 6,41±3,42 7,43±3,76 3,84±2,76 17,69±8,34 

F=1,934  
η2=0,012 p=0,123 

Test and p 
Value 

F=0,104 
p=0,747 

F=2,462 
p=0,117 

F=3,611 
p=0,058 

F=2,153 
p=0,143 

Marital Status 
Single 58 5,93±3,56 7,55±4,05 2,36±2,19 15,84±8,21 
Married 407 6,45±3,50 7,28±3,71 3,94±2,79 17,68±8,38 

F=8,496  
η2=0,052 

p=0,000* Test and p 
Value 

F=1,141 
p=0,286 

F=0,256 
p=0,613 

F=16,966 
p=0,000 

F=2,452 
p=0,118 

Educational Status 

Uneducated(1) 22 7,86±2,47 8,04±2,38 4,22±2,63 20,13±5,89 
Primary school(2) 178 6,75±3,66 7,52±3,97 3,74±2,85 18,03±8,96 
Secondary school(3) 74 6,74±3,49 7,66±3,44 4,37±2,72 18,78±7,87 
High school(4) 127 5,96±3,42 7,46±3,60 3,62±2,81 17,06±8,05 
University(5) 64 5,29±3,24 5,79±3,87 3,06±2,45 14,15±7,82 

F=2,184  
η2=0,019 p=0,011* Test and p 

Value 
F=3,744 
p=0,005 

F=3,240 
p=0,012 

F=2,170 
p=0,071 

F=3,887 
p=0,004 

 Significant 
Difference 

1>4 
1>5 

2>5 
3>5 

1>5  
2>5  

3>5 
4>5 

 1>5 
2>5  

3>5  
4>5 

Income status 
Income less than expenses(1) 206 6,93±3,45 8,04±3,75 4,05±2,84 19,03±8,21 
Income equal to expenses(2) 211 5,78±3,46 6,63±3,71 3,31±2,67 15,74±8,18 
Income more than expenses(3) 48 6,72±3,06 7,16±3,41 4,29±2,70 18,18±8,63 

F=3,443 
η2=0,022 

p=0,002* Test and p 
Value 

F=5,922 
p=0,003 

F=7,598 
p=0,001 

F=4,773 
p=0,009 

F=8,511 
p=0,000 

  Significant 
Difference 

1>2 1>2 1>2  
2>3  

1>2  

Perception of 
Menopause Period 

Relaxation(1) 74 5,00±3,79 5,44±8,80 2,72±2,66 13,17±8,50 
Inability to bear children(2) 45 4,51±2,89 6,37±3,56 3,68±3,21 14,57±7,93 
Loss(3) 34 6,58±3,20 6,52±2,69 4,20±2,44 17,32±7,02 
Stress/Depression(4) 198 7,64±3,29 8,53±3,68 4,20±2,81 20,38±8,22 
Aging(5) 104 6,08±3,15 7,40±3,33 3,54±2,49 17,03±6,96 
A natural process(6) 10 2,90±2,37 3,10±2,68 2,80±2,78 8,80±6,37 

F=6,346 
η2=0,022 p=0,000* Test and p 

Value 
F=13,753 
p=0,000 

F=12,667 
p=0,000 

F=3,704 
p=0,003 

F=13,573 
p=0,000 

  Significant 
Difference 

3>1 
4>1 
5>1 
3>2 
4>2 

5>2 
3>6 
4>5 
4>6 
5>6 

4>1 
5>1 
4>2 
2>6 
4>3 

3>6 
4>5 
4>6 
5>6 

3>1 
4>1 
4>5 

3>1 
4>1 
5>1 
4>2 
2>6 

4>3 
3>6 
4>5 
4>6 
5>6 

Satisfaction with 
Having a Female 
Gender Identity 

Very satisfied(1) 134 5,46±3,33 6,42±3,63 3,29±2,49 15,18±7,60 
Satisfied(2) 250 6,60±3,44 7,25±3,61 3,74±2,80 17,60±8,30 
Indecisive(3) 44 5,82±3,55 8,22±3,73 3,82±2,43 17,87±7,59 
Not glad(4) 22 8,68±2,35 9,86±3,90 5,18±3,51 23,72±8,52 
Not satisfied at all(5) 19 8,63±4,19 9,63±3,89 5,10±3,28 23,36±6,69 

F=3,695 
η2=0,031 p=0,000* Test and p 

Value 
F=7,523 
p=0,000 

F=7,200 
p=0,000 

F=3,561 
p=0,007 

F=8,463 
p=0,000 

  Significant 
Difference 

2>1 
3>1 
4>1 
5>1 

4>2 
5>2 
4>3 
5>3 

2>1 
3>1 
4>1 

5>1 
4>2 
5>2 

4>1 
5>1 
4>2 
5>2 

2>1 
4>1 
5>1 
4>2 

5>2 
4>3 
5>3 

Gender She Would 
Prefer If He Had The 
Chance 

Female 
  378 6,26±3,47 7,09±3,75 3,64±2,70 17,00±8,35 

Male 87 6,91±3,64 8,29±3,58 4,17±3,03 19,39±8,23 
F=2,511 
η2=0,016 p=0,058 Test and p 

Value 
F=2,431 
p=0,120 

F=7,408 
p=0,070 

F=2,553 
p=0,111 

F=5,782 
p=0,071 

  *Permanova Analysis 
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menopausal symptoms more severely (Table 3).  In a 
study similar to our results, it was reported that 
women who perceived the menopause period 
negatively experienced more symptoms (30). The 
reason for this may be that the positive attitude 
towards menopause helps to accept menopause as a 
part of the developmental process and raises 
awareness about coping with symptoms.  
In our study, it was found that women who were 
dissatisfied with having a female gender experienced 
menopausal symptoms at a higher severity than 
women who were satisfied (Table 3). Although there 
is no study examining this variable in the literature, it 
is thought that it is normal for women who are 
dissatisfied with their gender to perceive menopause 
negatively and therefore experience more 
menopausal symptoms. 
The frequency and severity of menopausal symptoms 
vary according to the socio-cultural and personality 
characteristics of the individual (31). Gender identity 
is when individuals define themselves according to 
their masculine or feminine personality traits (14). In 

our study, it was determined that 30.1% of women 
adopted the feminine role, 12.7% adopted the 
ambiguous role, 9.0% adopted the masculine role, 
and nearly half (48.2%) adopted the androgynous 
role according to the BSRI score ranges (Table 4). In 
Ghiasi's (2019) study to determine the effect of 
gender role adopted in university students on 
attitudes towards menstruation, 16.6% of the 
participants were female gender role, 16.6% 
masculine gender role, 33.7% androgynous gender 
role. It was determined that 33% of the participants 
adopted an ambiguous gender role, and most of the 
participants were reported to be in the androgynous 
gender role group (32). In a study conducted by 
García Vega et al. (2017) to determine the 
relationship between gender, gender roles and sexual 
attitudes in university students, it was determined that 
27% of the participants adopted the androgynous role 
(33). Our research result is similar to the results of 
studies conducted in different sample groups in the 
literature. 
In our study, no statistically discernible was detected 
betwixt the MRS total score, somatic complaints and 
psychological complaints sub-dimension mean 
scores according to the gender roles adopted by 
women, while a statistically discernible difference was 
found between the MRS urogenital complaints sub-
dimension mean scores (p=0.024<0.05). The mean 
urogenital complaints sub-dimension score of women 
who describe themselves as masculine (3,10±2,38) 
was found to be statistically discernible lower than the 
other gender role groups (Table 5). No study has 
been determined in the national and international 
literature examining the effect of women's perception 

Table 4. Distribution of Gender Roles Adopted by 
Women (n=465) 
 

Gender Roles          n % 
Masculine  42       9,0 
Feminine  140 30,1 
Androgynous  224 48,2 
Ambiguous  59 12,7 
Total  465 100,0 
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Table 5. Comparison of MRS Sub-Dimension and Total Scores According to Women's Adopted Gender Roles 
(n=465) 
 

  MRS Sub-Dimensions 

Scale Total   Somatic 
Complaints 

Psychological 
Complaints 

Urogenital 
Complaints 

  X±SD X±SD X±SD X±SD 

G
en

de
r 

Ro
le

s 

Masculine (1) 6,07±3,37 6,93±3,92 3,10±2,38* 16,10±7,94 
Feminine (2) 6,43±3,16 7,28±3,64 4,14±2,60 17,84±7,35 
Androgynous (3) 6,38±3,73 7,34±3,82 3,50±2,89 17,22±8,91 
Ambiguous (4)  6,58±3,61 7,61±3,71 4,19±2,89 18,37±8,90 

Test and p 
Value  

KW=0,558 KW=1,255 KW=9,457 KW=2,257 
p=0,906 p=0,740 p=0,024 

2>1** 
2>3** 

p=0,521 

*Kruskal Wallis analysis of variance, **Mann Whitney U test 
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of gender roles on menopausal complaints. Women 
during menopause; ürogenital complaints, including 
dryness in the genitals, atrophy, vulvar itching, 
discharge, low sexual desire, dyspareunia and 
urinary tract infections, are frequently experienced 
(12,34). These problems reduce the quality of life of 
women. At the same time, women may perceive all 
these problems experienced with menopause as a 
threat to their femininity (35). The reason why women 
who describe themselves as masculine in our 
research experience less urogenital complaints may 
be that they do not fully adopt their feminine identity, 
therefore, their feminine identity will not be harmed. 
This study has some limitations. The research was 
conducted in family centers affiliated with a 
metropolitan municipality and women who prefer to 
apply to the relevant family center may have common 
socioeconomic characteristics that affect perceived 
gender roles. Therefore, our results are limited to the 
centers where the research was conducted. It is 
important to study a larger sample group in terms of 
generalizability of the results. The study provides 
information about the current situation of the 
participants. In addition, participants' responses to 
menopausal symptoms were based on self-report. 
Considering that depression may increase during 
menopause, the results of the study cannot be 
generalized to women with any psychiatric disorder. 
 
CONCLUSION 
As a result of our research, it was found that the 
average score of menopausal symptoms of the 
women participating in our study was below the 
moderate level, and women experienced the most 
psychological complaints. It was found that the 
womens in our research mostly adopted the 
androgynous role and the women who described 
themselves as masculine experienced less urogenital 
complaints from menopausal symptoms. In order to 
generalize the results of the research, it can be 
recommended to work with larger sample groups and 
to consider the menopause and gender perceptions 
of women while giving care to women in the 
climacteric period. In addition, only women who 
entered menopause naturally were included in our 
study. Our results cannot be generalized to women 
with surgical menopause and early menopause. 
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INTRODUCTION 
Storms are defined as organized system of clouds 
and thunderstorms that has a closed low-level 
circulation (1). Approximately 2000 storms occur 
worldwide at any one time, the total annual number 
being approximately 16 million. Ten percent of these 
may be severe (2). An increase in the strength and 
frequency of storms has been predicted due to the 
alarming situation resulting from weather events 
deriving from global climate change evolving into a 
global climate crisis (3,4). Extreme weather events 
such as storms, severe rain, floods, and hail have 

also tended to increase in Türkiye in the last 20 years. 
Storms represented 21.4% of extreme weather 
events in the country in 2022 (5). According to Turkish 
State Meteorological Office data, storms can be seen 
in almost all regions of Türkiye, with tornadoes even 
being reported in the Eastern Black Sea and 
Northeast Anatolia regions, where they had never 
been observed until the last 10 years (6,7). 
Several health-related effects of storms have been 
reported. For example, they can lead to injuries, the 
interruption of basic health services, infrastructure 
problems, material and economic losses, and 

ABSTRACT 
Purpose: The purpose of this study is to determine the validity and reliability of the Turkish-language 
version of the Storm Fear Questionnaire (SFQ). 
Material and Methods: The research was completed with 299 individuals. After obtaining 
sociodemographic information of the participants, Storm Fear Questionnaire, Eco-Anxiety Scale and 
Severity Measure for Specific Phobia were administered. Exploratory and confirmatory factor analysis was 
applied to evaluate the scale’s construct validity, while Cronbach's alpha (α) reliability coefficient was used 
to determine its consistency, and test-retest reliability was employed to determine its stability. 
Results: Scores from the SFQ scale ranged from 0 to 56, with a mean score of 13.3 ±11.4. A structure 
consisting of a single factor with an eigenvalue greater than 1, explaining 59.0% of the total variance 
emerged from the factor analysis. Factor loadings for the SFQ, the original of which consists of 15 items, 
ranged between 0.594 and 0.879. One item with a factor loading less than 0.30 was removed from the 
scale. The Cronbach alpha coefficient of the first test was 0.943. 
Conclusion: We think that the 14-item scale obtained in this research can be employed as a valid and 
reliable tool for evaluating storm fear in adults in Türkiye. 

Keywords: Phobias, fear, wind, extreme weather, factor analysis. 
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mortality, both directly and indirectly (8). Injuries, 
infections and parasitic diseases, cardiovascular 
diseases, respiratory diseases, and neuropsychiatric 
disorders and been shown to capable of being linked 
to increased mortality, even months after a storm (4). 
In the light of their potential to affect large numbers of 
people and multifaceted health impacts, storms and 
the weather events accompanying them represent an 
important public health problem (8).  
Although various studies have revealed the effect of 
storms and the global climate crisis on human health, 
their impacts on human psychology have only 
recently become the subject of discussion. A report 
published in 2009 espoused the possibility of an 
interaction between climate change and mental 
health and called for greater research into the subject 
(3,9). This revealed the need for an examination of 
the effects of storms, expected to increase in line with 
climate change, on human psychology. Fear of 
storms was therefore addressed in the fifth edition of 
the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5) (10) and was classified among the 
natural/environmental type phobias, a specific phobia 
subtype.  
Fear of storms is defined as a continuous and 
extreme fear of meteorological events such as storms 
and hurricanes. Individuals with storm phobia often 
experience a worried expectation of weather events 
such as storms (10). In addition, this fear can lead to 
physiological reactions such as tachycardia and 
sweating, symptoms which may emerge not only at 
the time of storms, but during their anticipation (11). 
Natural/environmental type phobias are one of the 
most overlooked clinical manifestations in terms of 
clinical studies and scientific publications. They are 
generally detected incidentally in patients presenting 
for treatment of other problems. Sufferers frequently 
do not present to health institutions for treatment, for 
reasons such as storm fear not being perceived as a 
disease, its being regarded as a personality trait, 
failure to report the development of symptoms, and 
their being able to continue with their lives by means 
of successful avoidance tactics (12,13). Westefeld 
(12) performed semi-structured interviews with 81 
individuals in America reporting extreme fear of 
storms of hurricanes. Eighty-six percent of the 
participants reported anxiety concerning approaching 
storms, and that such anxiety was accompanied by 
countless other symptoms (such as constantly 
monitoring weather forecasts, security anxiety, and 
difficulty falling asleep). However, only 10% of that 

sample reported seeking treatment for those 
symptoms. In addition, that study reported that 
affected by severe weather events through 
experience or media were probable factors causing of 
storm phobia. Two percent of the total populations of 
the USA and Canada are thought to experience fear 
of storms at least once in their lives (2). However, the 
prevalence of fear of storms in Türkiye is unknown 
since no studies have been performed on the subject.  
The only validated scale measuring fear of storms in 
the literature is the Storm Fear Questionnaire (SFQ). 
This self reported questionnaire consists of 15-item 
with five point Likert type response format and 
measures the severity of storm fear by investigating 
its behavioral and cognitive characteristics. Nelson et 
al. (14) concluded that the SFQ exhibits powerful 
psychometric properties and is reliable and valid in 
English. That study also reported a difference in scale 
scores between individuals reporting high and low 
fear following exposure to a virtual storm. There is no 
personal tool measuring fear of storms in Turkish. A 
clinical interview performed by a specialist within the 
scope of DSM-5 criteria is required for disease 
evaluation. The development of a measurement tool 
based on self-reports will facilitate diagnosis and 
provide an opportunity to treat such patients. It will 
also contribute to the objective determination of the 
prevalence of storm fear in society by providing 
resources for research into such fear in adults. 
The purpose of this research is to determine the 
validity and reliability of the Turkish-language version 
of the SFQ. 
 
MATERIAL AND METHODS 
Design  
This research was conducted in a metadological 
design. The requisite permissions for the SFQ 
adaptation study were obtained from its developer, 
Martin M. Anthony. This study was approved by 
Scientific Research Ethics Committee of Karadeniz 
Technical University (Decision Date: 13.07.2023, 
Number: 24237859-442). All participants were 
explained the details of the study prior to enrolment, 
and verbal consent was obtained. 

Participants 
The research was performed among adults in the 
Turkish provinces of Trabzon, Gümüşhane, and 
Erzincan. When calculating the sample size in validity 
and reliability studies, it is recommended to reach 
participants 10 times the number of items in the scale 
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(15). Since the SFQ consists of 15 items, we planned 
to include at least 270 individuals in the research, 15 
for each variable, with a 20% margin of error. The 
research was eventually completed with 299 
individuals. In the second part of the research, a 
repeat test containing the SFQ was administered to 
80 of the participants taking part in the first stage. The 
research data were collected by the authors using the 
face-to-face survey method. The inclusion criteria 
were age 18 or over, and the absence of any 
condition that might hinder the establishment of 
communication, answering the questions in the 
survey, or taking part in the research. 

Application Stages 
The English to Turkish translation was done by two 
translators independent of the research team with a 
good knowledge of both languages. The translated 
scale was then evaluated by three public health 
specialists, each item being compared with the 
original version. The scale finally assumed its final 
form in the light of the suggestions received. A pre-
test was applied with 10 individuals to assess the 
scale’s comprehensibility and clarity. Following the 
pre-test, the scale was once again examined by the 
specialist group, and any requisite amendments were 
made. It was then translated back into English by a 
Turkish-English translator. The version translated 
back into English was then sent to the developer of 
the scale, Martin M. Anthony, and feedback was 
received. At the end of the final corrections, the scale 
was translated back into Turkish by an English-
Turkish translator. This final version was applied to 
the individuals agreeing to take part. For the purpose 
to test the test-retest reliability of the scale, a retest 
was administered to 80 participants 14 days after the 
survey. The final version of the scale is presented in 
the Appendix. 
 
Data Collection Tools 
The first part of the data collection form employed in 
the first stage of the research and prepared by the 
authors investigated sociodemographic and personal 
characteristics. The second part contained the Eco-
Anxiety Scale (EAS) and the Severity Measure for 
Specific Phobia (SMSP) in addition to the SFQ. The 
EAS, which measures the anxiety that individuals 
experience when thinking about climate change and 
other global climate conditions, was employed since 
storms are a climate change event, and the SMSP 
since storm phobia is included under the heading of 

nature-environment type phobias, a specific phobia 
subtype. In the second stage of the research, only the 
SFQ was applied to participants due to be retested.  
Storm Fear Questionnaire (SFQ); This 15-item self-
report scale was developed by Nelson et al. (14) in 
2014. Participants are asked to indicate how much 
each statement describes them on a five-point Likert-
type scale (0 = not at all true and 4 = almost always 
true). The scale score is calculated by summing the 
scores obtained from all items in the scale. The score 
that can be obtained from the scale varies between 0 
and 60, higher scores indicating greater storm fear. 
Nelson et al. (14) showed that the scale exhibited a 
one-dimensional factor structure, with a Cronbach α 
value of 0.95. 
Eco-Anxiety Scale (EAS); This scale was developed 
by Hogg et al. (16) for the purpose of measuring 
anxiety in the light of experience of anxiety associated 
with environmental crisis and the severity thereof. 
The EAS consists of 13 items, four measuring 
emotional symptoms, three measuring rumination, 
three measuring behavioral symptoms, and three 
measuring personal effect anxiety. The participants 
were asked how frequently they experienced each 
eco-anxiety characteristics when reflecting on climate 
change and other environmental climate conditions (0 
= never, 1 = sometimes, 2 = frequently, 3 = almost 
always). No items on the scale are reverse-scored, 
and higher scale scores indicate greater anxiety. The 
Turkish language validation and reliability study were 
done by Uzun et al. (17) in 2022. The scale structure 
preserved that of the original version. Reported 
Cronbach α values were 0.91 for the total scale, 0.83 
for emotional symptoms, 0.86 for behavioral 
symptoms, and 0.84 for rumination and personal 
effect anxiety. 
The Severity Measure for Specific Phobia (SMSP); 
This scale was developed for DSM-5 by the American 
Psychiatric Association (10) for measuring the 
severity of specific phobia in individuals aged 18 or 
over. It consists of 10 items. Each item asks the 
respondent to indicate the severity of specific phobia 
symptoms in the previous seven days using a five-
point scale (0= Never; 1= Sometimes; 2= Half the 
week, 3= Most of the week, and 4= All the week). The 
scale score is calculated by adding the scores for the 
individual items. Possible scores range between 0 
and 40. The internal consistency of the scale in 
Öztekin et al. (18) study was 0.79, with item-total 
score correlation coefficients ranging between 0.33 
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and 0.78, showing that the Turkish-language version 
is also valid and reliable. 

Statistical Analysis 
IBM SPSS 23.0 software was used for statistical 
analyses. AMOS version 24.0 software was 
employed for confirmatory factor analysis. Descriptive 
statistics were presented as number and percentage 
for qualitative variables and as mean±standard 
deviation and median, minimum-maximum values for 
quantitative variables. Statistical alpha significance 
level was accepted as p <0.05. 

Validity Studies 
In order for a scale to be standardized and 
subsequently yield accurate information, it must 
possess two features known as ‘validity’ and 
‘reliability.’ Validity refers to the degree to which a 
measurement tool is capable of accurately measuring 
the feature it is intended to measure, without 
confusing it with any other characteristic (19). 
Construct validity and convergent-divergent validity 
were analyzed in the present study.  
Exploratory and confirmatory factor analysis was 
applied to assess the structural validity of the scale. 
Principal component analysis (PCA) was used to 
perform exploratory factor analysis (EFA). To 
determine whether the sampling adequacy for factor 
analysis Kaiser-Meyer-Olkin (KMO) test and Bartlett’s 
Test of Sphericity (BTS) were used. Root Mean 
Square Error of Approximation (RMSEA), Root Mean 

Square Residual (RMR), Chi-square (χ2), degrees of 
freedom (df), comparative fit index (CFI), goodness of 
fit index (GFI), normed fit index (NFI) and Tucker-
Lewis Index (TLI) were used to assess the model fit 
in confirmatory factor analysis.  
The Turkish versions of the Eco-Anxiety and The 
Severity Measure for Specific Phobia were used to 
analyze the convergent-divergent validity of the 
Turkish-language version of the SFQ, and the 
relationship between the scales was determined 
using Spearman correlation analysis.  

Reliability Studies 
Reliability refers to the consistency with which a 
measurement tool measures the desired variable, or 
the degree to which the measurement results are free 
from error (19). In the present research, stability and 
internal consistency tests were used to determine the 
reliability of the SFQ.  
Cronbach's alpha (α) reliability coefficient was 
employed to determine the internal consistency of the 
SFQ. Item-total correlations were evaluated. A cut-off 
value of 0.7 was employed when evaluating the 
Cronbach alpha test results (19). 
Test-retest reliability was used to determine the 
stability of the scale. For test-retest reliability, the 
scale was re-applied to 80 individuals 14 days after 
the first test, and the Intraclass Correlation Coefficient 
(ICC) test was performed between the two 
applications. 
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Table 1. The participants’ sociodemographic characteristics of (n=299) 
 

Characteristics    
 Mean ± SD Median (Min – Max) 

Age 37.7 ± 12.1 35 (18 – 70) 
 Frequency (n) Percentage (%) 

Marital Status   
Single 85 28.4 

Married 214 71.6 
Education Status   

Primary school graduate 13 4.3 
Secondary school graduate 9 3.0 

High school graduate 67 22.4 
University graduate 210 70.3 

In Income-Generating Employment   
Yes 229 76.6 
No 70 23.4 

Presence of Chronic Disease Diagnosed   
Yes 78 26.1 
No 221 73.9 
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RESULTS 
The study was completed with 299 individuals with a 
mean age 37.7 ± 12.1 years (min=18; max=70). The 
sociodemographic and descriptive characteristics of 
the participants are shown in Table 1. 
Scores from the SFQ ranged from 0 to 56, with a 
mean score of 13.3 ±11.4. A summary of correlations 
means and standard deviations of 14 items according 
to the first test is shown in Table 2. A moderate and 
significant correlation was observed between the 
responses given to 14 items. 
As a result of the analysis, the KMO value was 0.954 
and the p value was <0.001 in Bartlett's test. In line 
with these data, it was decided that the sample was 
suitable for factor analysis. (Chi-square value = 
2887.13, df = 91). 
Factor analysis revealed a structure consisting of a 
single factor with an eigenvalue exceeding 1, 
explaining 59.0 of the total variance. 
The model fit of the scale was determined by 
evaluating chi- square, degrees of freedom and Root 
Mean Square Error of Approximation. In terms of 
goodness of fit indices, RMSEA value below 0.08 is 
considered a good fit indicator. In this research, the 
mean RMSEA value was found to be 0.077. An χ2 / 
df ratio of 2.76 was determined (acceptable value <5). 
The Comparative Fit Index (CFI) value was 0.954, the 
Normed Fit Index (NFI) value was 0.930, and the 
Goodness of Fit Index (GFI) was 0.905 (Table 3). 
In Table 4, the explanatory and confirmatory factor 
analysis results are shown. Factor loadings for the 
SFQ, which originally consisted of 15 items, ranged 

Table 2. Correlations, means and standard deviations of 14 items according to the first test (n=299) 
 
Items 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1               
2 0.615*              
3 0.406* 0.419*             
4 0.621* 0.580* 0.554*            
5 0.383* 0.475* 0.523* 0.565*           
6 0.682* 0.579* 0.519* 0.756* 0.529*          
7 0.610* 0.536* 0.474* 0.689* 0.537* 0.759*         
8 0.635* 0.520* 0.413* 0.657* 0.527* 0.687* 0.694*        
9 0.574* 0.497* 0.380* 0.616* 0.450* 0.689* 0.679* 0.650*       
10 0.550* 0.462* 0.416* 0.639* 0.420* 0.674* 0.652* 0.580* 0.742*      
11 0.549* 0.476* 0.450* 0.600* 0.491* 0.617* 0.537* 0.621* 0.594* 0.602*     
12 0.418* 0.388* 0.469* 0.536* 0.443* 0.567* 0.533* 0.526* 0.532* 0.546* 0.504*    
13 0.559* 0.447* 0.433* 0.626* 0.361* 0.697* 0.663* 0.599* 0.603* 0.687* 0.594* 0.507*   
14 0.491* 0.478* 0.446* 0.546* 0.493* 0.567* 0.587* 0.600* 0.534* 0.542* 0.639* 0.529* 0.564*  
M 0.95 1.07 1.25 0.82 1.50 0.73 0.62 0.98 0.78 0.70 1.20 0.82 0.58 1.30 
SD 1.05 1.01 1.26 1.03 1.21 1.04 0.93 1.02 0.98 1.04 1.16 1.06 0.97 1.20 
*p<0.001; M=mean; SD=standard deviation 
 

 

 
 
Figure 1. Standardized factor loadings in confirmatory 
factor analysis 
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between 0.594 and 0.879 (Figure 1). One item with a 
factor loading lower than 0.30 was removed from the 
scale. Factor loadings were divided by the 
corresponding standard errors and t values were 

calculated for each factor. All calculated T values 
were greater than 1.96 (basic distribution limit). 
According to the modification indices, a covariance 
structure was suggested between e1 and e2 and 

Table 3. Fit index results of confirmatory factor analysis (22,23,27–31) 

Sample                                               N>250                                   Calculated values 

Number of 
observed 
variables 

I≤12 12<I<30 I≥30 

χ2 Non-significant P-
value 

Significant P-value 
even if the fit is 
good 

Significant P-value <0.001 

χ2/df  χ2/ df<5  2.76 

RMR <0.08 <0.08 <0.08 0.048 

RMSEA <0.08 <0.08 <0.08 0.077 

GFI >0.90 >0.90 >0.90 0.905 

CFI >0.95 >0.92 >0.90 0.954 

NFI-TLI >0.95 >0.90 >0.80 0.930-0.944 

 

Table 4. The scale’s exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) results  

 EFA  CFA 
I PCA ML  SFL SE T values R2 CA 
1 0.758 0.741  0.734 0.044 11.446 0.504 0.940 
2 0.692 0.658  0.650 0.050 11.721 0.597 0.941 
3 0.631 0.588  0.594 0.086 11.860 0.436 0.944 
4 0.841 0.830  0.833 0.030 10.760 0.547 0.937 
5 0.661 0.620  0.626 0.075 11.798 0.596 0.942 
6 0.875 0.877  0.879 0.024 10.024 0.604 0.936 
7 0.841 0.836  0.838 0.024 10.701 0.645 0.937 
8 0.817 0.801  0.803 0.033 11.045 0.702 0.938 
9 0.803 0.792  0.777 0.034 11.199 0.773 0.938 
10 0.799 0.786  0.772 0.039 11.230 0.391 0.938 
11 0.772 0.740  0.739 0.053 11.438 0.694 0.939 
12 0.694 0.659  0.661 0.054 11.714 0.353 0.941 
13 0.783 0.773  0.772 0.034 11.263 0.423 0.939 
14 0.745 0.708  0.710 0.062 11.559 0.539 0.940 
I=Items, PCA= principal component analysis, ML= maximum likelihood, SFL=standardized factor loadings, 
CA=Cronbach Alpha’s if item deleted 

Table 5. Correlations between the SFQ with EAS and SMSP  

Scales (min-max values that can be 
obtained from the scales) 

          1 2 Mean±SD Median Min-Max 

1.Storm Fear Questionnaire  (0-56) r 
p 1  13.3 ± 11.4 11 0-56 

2. Eco-Anxiety Scale (0-39) r 
p 

0.568 
<0.001 1 8.0 ± 7.1 7 0-39 

3.The Severity Measure for Specific Phobia (0-
28) 

r 
p 

0.486 
<0.001 

0.485 
<0.001 6.6 ± 6.3 6 0-28 

 

 

I=Items, PCA= principal component analysis, ML= maximum likelihood, SFL=standardized factor loadings, 
CA=Cronbach Alpha’s if item deleted 
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between e9 and e10. The Cronbach alpha coefficient 
of the first test was 0.943, and 0.913 in the final test. 
In the retest the intraclass coefficient value was 0.800 
(p<0.001), and in Spearman correlation analysis 
r=0.729 (p<0.001). 
The correlation coefficients between the SFQ in this 
study and the Eco-Anxiety Scale and the Severity 
Measure for Specific Phobia are shown in Table 5. A 
correlation was found between the SFQ with Eco-
Anxiety Scale (r=0.568, p<0.001) and the The Severity 
Measure for Specific Phobia (r=0.486, p<0.001). 
 
DISCUSSION 
The aim of this research was to establish the validity 
and reliability of the Turkish-language version of the 
SFQ. The factor structure, internal consistency, and 
convergent validity were therefore evaluated, and 
test-repeat test analysis was performed. There are no 
previous validity and reliability studies for the SFQ 
developed in English by Nelson et al. (14) in any other 
language. This discussion is therefore limited to the 
data from the present research. 
In order for data to be appropriate for factor analysis, 
the KMO sampling adequacy must exceed 0.5, and 
the Bartlett sphericity test result must be significant. 
KMO values between 0.80-1.00 indicate that the 
sample is adequate. KMO values between 0.70-0.79 
is considered moderate, between 0.60-0.69 is 
considered mediocre and below 0.50 is considered 
unacceptable (20). The KMO value in this research 
was 0.954, showing that the sampling was adequate. 
The Bartlett’s test result was also statistically 
significant (p<0.001). These findings show that the 
data were suitable for factor analysis. 
Construct validity was assessed using principal 
component analysis. Factor loadings in factor 
analysis must be at least 0.30 (21). The factor loading 
of the 15th item showed that this item was insufficient, 
and it was therefore decided to remove it from the 
scale. The 15th item contained the statement ‘I use 
medications, alcohol, or drugs to help me cope during 
a storm.’ The loading of this item may have been low 
because participants were reluctant to admit it since 
alcohol and drug use can result in stigmatization in 
Türkiye. 
Exploratory factor analysis revealed a single-factor 
structure with an eigenvalue exceeding 1, explaining 
59.0% of the total variance. Similarly to the original 
study, a one-dimensional factor structure was obtained 
(14). A moderate correlation was determined among 
the 14 items. 

Using confirmatory factor analysis (maximum 
likelihood estimation), it was determined whether the 
SFQ could be validated in the Turkish sample. Fit 
indices evaluation revealed RMSEA= 0.077, 
X2/df=2.76, CFI=0.954, NFI=0.930, and GFI=0.905. 
These results showed that the scale has adequate fit 
indices. 
T value greater than 1.96 indicates significance at the 
0.05 level and T value greater than 2.58 indicates 
significance at the 0.01 level (22,23). The value in this 
research was significant at the 0.05 level. This finding 
shows that the sample was sufficient for CFA and that 
no other item needed to be removed from the scale. 
The reliability of the SFQ was assessed using internal 
consistency coefficient (Cronbach Alpha) and test-
repeat test methods. The Cronbach alpha coefficient 
is used as a determinant of internal consistency, the 
closer the coefficient is to 1, the more consistent with 
one another the statements in the scale. Alpha 
coefficients of 0.00 ≤ α < 0.40 are considered as 
meaning that ‘the scale is not reliable,’ values of 0.40 
≤ α < 0.60 as meaning that ‘the scale exhibits low 
reliability,’ values of 0.60 ≤ α < 0.80 as meaning that 
‘the scale is quite reliable,’ and values of 0.80 ≤ α < 
1.00 as meaning that ‘the scale is highly reliable’ (24). 
This value needs to be at least 70 in studies 
evaluating psychological concepts (25). The 
Cronbach alpha coefficient in the present research 
was 0.943. This high value, similar to that of 0.95 
obtained in the original study by Nelson et al. also 
indicated that the Turkish-language version of the 
form is highly reliable. 
In order to evaluate the scale’s test-repeat test 
reliability, the Turkish-language form obtained was re-
applied to 80 individuals after 14 days, and a 
correlation coefficient of 0.800 (p<0.001) was 
determined between the two applications. At a 95% 
confidence interval, ICC reference values < 0.5, 0,50 
to < 0.75, 0.75 to < 0.90, and > 0.90 are classified as 
weak, moderate, good, and perfect (26). This finding 
shows that the SFQ possesses good test-retest 
reliability and that the reliability obtained does not 
change over time.  
The Eco-Anxiety and the Severity Measure for 
Specific Phobia scales were employed for similar 
scale validity. The SFQ was found to be moderately 
positively correlated with both scales. 
 
CONCLUSION 
In conclusion, in this study of the adaptation of the 
SFQ developed by Nelson et al. Into Turkish, the 
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validity and reliability findings supported those from 
the original study. In contrast to the original study, 
however, the 15th item was deleted, and a single 
factor structure consisting of 14 items emerged. We 
therefore think that the resulting 14-item scale can be 
used as a valid and reliable tool for evaluating storm 
fear in adults in Türkiye. 
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INTRODUCTION 
Hemophilia A and B are characterized by deficiency 
or complete absence of factor VIII and IX, 
respectively. Spontaneous bleeding episodes and/or 
prolonged bleeding after trauma or surgery are the 
main clinical manifestations of these conditions (1).  

 
 
Acute and chronic joint pain due to regular bleeding 
in joints along with progressive musculoskeletal 
damage, contribute to hemophilic morbidity and 
impair daily activities. Insufficient management of 
bleeding episodes increases the risk of hemophilia-

ABSTRACT 
Purpose: The association between socio-demographic factors and hemophilia status with the prevalence 
of comorbidities was evaluated. 
Material and Methods: Patients with hemophilia A (n=111) and B (n=24) who completed the 
questionnaire form about their socio-demographic factors were included in our study. Factor and inhibitor 
levels, comorbidities, factor replacement therapies, hemophilic arthropathy, viral status and annual 
bleeding episodes were recorded. 
Results: The median age was 39 years among 135 hemophilia patients, and 63.1% of all patients had 
severe hemophilia, which was significantly higher among hemophilia A (p=0.002). Most patients (74.8%) 
were treated with prophylactic factor replacement therapy. The inhibitor status was positive in 8.9% of all 
patients. The unemployment rate was found to be 33.3%. Annual bleeding episodes were higher in 
workers. Most patients (60%) had graduated from at least high school. Patients with severe hemophilia 
were significantly less educated than those with moderate to mild hemophilia (p=0.045). The prevalence 
of cardiovascular disease, hypertension, diabetes mellitus, and obesity was 6.7%; 17.8%, 13.3%, and 
11.9% respectively. Although there was no association between obesity and annual bleeding episodes, 
right ankle was the most affected joint in overweight/obese patients.  
Conclusion: Age-related comorbidities and the relationship between hemophilia status and social life 
need further investigation.  
 
Key words: Hemophilia, comorbidity, socio-demographic, adult 
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related morbidities and decreases the quality of life in 
patients with hemophilia (PWH) (2). Besides the 
negative effects on daily functioning, clinical signs 
and symptoms may also impact mental and social 
health (3). The quality of life and life expectancy of 
PWH significantly improved with the development 
and availability of clotting factor concentrates after the 
1970s (4). However, during the 1980s, PWH 
struggled with bloodborne infections such as human 
immunodeficiency virus (HIV) and the hepatitis B and 
C viruses (HBV, HCV)) due to contaminated plasma-
derived concentrates., The introduction of home 
treatment and prophylaxis in the 1990s allowed the 
long-term survival with minimal bleeding episodes (5). 
PWH are now living longer due to favorable factor 
replacement therapies, antiviral treatments, and 
comprehensive hemophilia care centers (6,7). Aging 
with hemophilia presents additional challenges 
beyond bleeding, such as hemophilia-related 
conditions (e.g., chronic arthropathy and viral 
infections) and aging-related comorbidities (e.g., 
cardiovascular diseases, cancer, osteoporosis, renal 
diseases, and dementia) (5,7,8).  
Despite the availability of comprehensive care, the 
decrease in quality of life due to hemophilia and age-
related comorbidities affects socio-demographic 
factors such as education, social, and working life in 
PWH. The disparity in socio-economic engagement 
between individuals with hemophilia and the general 
population has not been extensively investigated. In 
this study, we aim to evaluate the association 
between socio-demographic factors and hemophilia 
status. There is limited data on comorbidities of PWH 
due to the restricted availability of high-quality 
national registries worldwide. Therefore, we aim to 
define the prevalence of comorbidities in the 
associated study group. 
 
MATERIAL AND METHODS  
Study Design 
135 cases (111 with hemophilia A and 24 with 
hemophilia B), all aged over 18, who were admitted 
to Ege University Adults Hemophilia and Thrombosis 
Center, a European Hemophilia Comprehensive 
Care Centre (EHCCC) certified facility, between 10 
August 2016 and 30 December 2016, were included 
in the study. Data were collected retrospectively 
through an initial patient interview and a 1-year follow-
up. Only patients who completed the questionnaire 
during the initial interview were included in the study. 
This questionnaire gathered data on patients’ socio-

demographic characteristics, including age, race, 
marital status (single, married, divorced/separated), 
education level (none, ≤ 5 years (primary school), ≤ 8 
years (middle school), ≤ 12 years (high school), >12 
years (university)), income, employment status 
divided into; full-time, part time, unemployed, 
student)), and insurance status (any public, private or 
none). Additionally, the questionnaire inquired about 
patients' comorbidities and joint health status over the 
past year. Comorbid conditions assessed included 
the cardiovascular disease, hypertension, diabetes 
mellitus, kidney disease, cancer, neurologic 
disorders, liver disease/hepatitis B and C, arthritis, 
and human immunodeficiency virus 
infection/acquired immunodeficiency syndrome 
(HIV/AIDS). Clinical chart reviews provided data on 
hemophilia type, severity (classified as severe (<0.01 
IU/ml FVIII or FIX), moderate (0.01–0.05 IU/ml FVIII 
or FIX) or mild (0.05–0.40 IU/ml FVIII or FIX) 
hemophilia), treatment strategy (prophylaxis or on 
demand), inhibitor status, history of immune 
tolerance, hepatitis A, B, and C antibody status. 
Additionally, height and weight measurements were 
taken to calculate body mass index (BMI). 
 
Statistical Analysis  
Statistical data analysis was conducted using SPSS 
version 16.0 (2007, SPSS for Windows, SPSS Inc., 
Chicago, IL, USA). An exploratory analysis was 
performed to describe the study population. 
Categorical variables were summarized using 
frequency tables, while continuous variables were 
expressed using measures of central tendency and 
dispersion, such as mean ± standard deviation (SD) 
and median (range). Qualitative or categorical 
variables were described as   and proportions. The 
chi-square test and Fisher’s exact test were used to 
determine association between categorical variables. 
For quantitative data, the independent samples t-test 
and Mann–Whitney U test were used to analyze data 
with normal and skewed distributions, respectively. A 
p-value of < 0.05 was considered statistically 
significant. 
 
Ethical Considerations  
During the planning of the study, necessary 
permissions were obtained from Ege University 
Department of Hematology, where the study was 
conducted. The study was approved by the Ege 
University Clinical Research Ethics Committee (Date: 
09.08.2016, Decision No: 16-7/1). Written and verbal 
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consent was obtained from all individuals included in 
the study. 
 
RESULTS 
Patients’ clinical characteristics 
A total of 135 patients who completed the 
questionnaire were included in the study. The median 
age was 39 years (range, 19-68).  Among these, 111 
patients (82.2%) had hemophilia A, and 24 patients 
(17.8%) had hemophilia B. The clinical and socio-
demographic characteristics of patients are 
summarized in Table 1. A majority of the patients (n= 
85, 63.1%) had severe hemophilia (plasma factor 
levels <1%), while those with moderate and mild 
hemophilia accounted for 17.7% (n=24) and 19.2 % 
(n=26), respectively. Among patients with hemophilia 
A, 71% (78/111) had severe hemophilia, compared to 
29% (7/24) of patients with hemophilia B who had 

severe disease. Patients with mild disease were 
significantly more prevalent in hemophilia B than in 
hemophilia A (58% vs 9%, respectively; p=0.0001).  
Additionally, all but two of the patients with severe 
hemophilia (n=85) had at least one affected joint and 
31.8% of them had three and more affected joints. In 
our cohort, 84.4% of patients had at least one joint 
with hemophilic arthropathy. 
Prophylaxis treatment was reported by 101 (74.8%) 
patients and it was more commonly preferred in 
patients with hemophilia A than B, and in those with 
severe hemophilia compared to those with moderate 
or mild forms hemophilia patients (p=0,002 and 
p=0,0001, respectively). Ninety-six percent of 
patients on prophylaxis had at least one joint 
deterioration, while 52.9% of patients on on-demand 
treatment had at least one joint deterioration 
(p=0,001). The occurrence of spontaneous bleeding 

Table 1. Characteristics of Patients  
Variables, N (%) Total 

N=135  
Hemophilia 
A 
N= 111 (82.2) 

Hemophilia 
B 
N= 24 (17.8) 

 

Age in years, median (range) 39 (18-68) 40 (19-68) 38 (18-61)  
Disease severity 

  
 

Severe  85 (63.1) 78 (71) 7 (24)  
Moderate  24 (17.7) 23 (20) 3 (18)  
Mild 26 (19.2) 10 (9) 14 (58)  

Factor VIII treatment, n (%) 
   

 
Prophylactic treatment 101 (74.8) 89 (80.2) 12 (50)  
On-demand treatment 34 (25.2) 22 (19.8) 12 (50)  

Presence of inhibitor, n (%) 
  

 
Yes   12 (8.9) 10 (9) 2 (8.3)  
No 118 (87.4) 96 (86.5) 22 (91.7)  

Marital status, n (%) 
  

 
Single  43 (31.9) 32 (28.8) 11 (45.8)  
Married 87 (64.4) 74 (66.7) 13 (54.2)  
Divorced/separated 5 (3.7) 5 (4.5) None  

Current Occupation 
  

 
Full-time 43 (31.9) 37 (33.3) 6 (25)  
Part-time 39 (28.9) 32 (28.8) 7 (29.2)  
Unemployed 45 (33.3) 36 (32.4) 9 (37.5)  
Student 8 (5.9) 6 (5.4) 2 (8.3)  

Insurance type, n 
  

 
Any public 135 111 24  
Private 3 (2.2) 2 (1.8) 1 (4.1)  
No insurance None None None  

Education level 
  

 
No education  2 (1.5) 1 (0.9) 1 (4.2)  
≤ 5 years (primary school) 39 (21.5) 27 (24.3) 2 (8.3)  
≤ 8 years (middle school) 23 (17) 19 (16.7) 4 (16.7)  
≤ 12 years (high school) 39 (28.9) 29 (26.1) 10 (41.7)  
>12 years (university)  42 (31.1) 35 (31.5) 7 (29.2)  
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episodes in the previous year did not differ between 
patients treated with prophylaxis and those on on-
demand therapy. However, bleeding episodes after 
trauma were significantly higher in patients on 
prophylaxis therapy (p=0,008). Inhibitor positivity was 
detected in 12 (8,9%) patients, 10 of whom had 
hemophilia A. Although 9 of the 12 inhibitor-positive 
patients had severe hemophilia, there was no 
association between inhibitor status and the type or 
severity of hemophilia. 
  
Socio-demographic Characteristics 
The marital status distribution among the patients 
was as follows: 64.4% (87) were married, 30.4% (41) 
were single, and 5.1% (7) were divorced (Table 1). 
There was no correlation between marital status and 
disease severity, hemophilia type, treatment 
modality, or annual bleeding episodes. All patients 
had public insurance. Of the participants, 5.9% (8) 
were students, and 60.2% (82) had a full-time or part-
time job; however, 33.3% (45) were unemployed. 
Patients who were employed in any capacity 
experienced higher numbers of annual bleeding 
episodes and more affected joints compared to those 
who were unemployed (p=0.04). While only two 
patients were illiterate, 60% of the patients had 
graduated from high school and university (28.9% 
and 31.1%, respectively). There was no association 
between educational status and disease morbidity or 

bleeding episodes, but education status was 
correlated with hemophilia severity (p=0.045, data 
shown in Figure 1).  
 
Comorbidities  
The frequencies of comorbidities among all patients 
are summarized in Table 2. The mean BMI was 25,74 
±4,2 kg/m2. Among the patients, 5 had a BMI below 
18.5; of these, 2 (40%) had severe disease, while the 
remaining 3 had mild to moderate disease.  The 
distribution of patients within the BMI ranges of 18.5-
24.9, 25-29.9, and ≥ 30 were 57, 57, and 16, 
respectively. There was no significant correlation 
between disease severity and BMI, with more than 
half of the patients in each BMI group having severe 
disease: 59% (34/57) in the 18.5-24.9 range, 66% 
(38/57) in the 25-29.9 range, and 68% (11/16) in the 
≥30 range. Furthermore, no significant relationship 
was found between BMI and the number of affected 
joints or annual bleeding episodes. However, the 
frequency of affected joints varied with BMI; the right 
ankle was more commonly affected in patients with a 
BMI ≥ 25 compared to those with a BMI < 25 (p = 
0.015). Hypertension was present in 17.8% (24) of 
the patients, all of whom were on medication, with 
prevalence of 17.1% (19/111) in hemophilia A and 
20% (5/24) in hemophilia B. No significant 
correlations were found between hypertension and 
clinical characteristics such as disease type, severity, 

 
Figure 1. Association of Education Status and Hemophilia Disease Severity. Severe hemophilia patients were 
significantly less educated than moderate and mild hemophilia patients (p=0.045). 
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inhibitor status, or bleeding episodes. Diabetes 
mellitus (DM) was diagnosed in 13.3% (18) of the 
patients, with higher annual bleeding episodes 
observed in patients with DM compared to those 
without (p=0.024). Of the patients, 61.5% (83) were 
smokers. Cardiovascular disease was reported in 
6.7% (9) of patients; two had a history of myocardial 
infarction and one had undergone bypass surgery. 
There was no correlation between cardiovascular 
disease and disease type, severity, or annual 
bleeding episodes. Cancer history was noted in four 
patients, including diagnoses of acute leukemia, bone 
tumor, gastric cancer, and hepatocellular carcinoma. 
Kidney disease was observed in four patients over 40 
years old, including one with membranous 
glomerulonephritis and three with kidney stones. 
Hepatitis B and C were reported in 3 and 13 patients, 
respectively, with six still undergoing anti-HCV 
treatment. Cirrhosis due to HCV was observed in two 
patients, one of whom also had hepatocellular 
carcinoma. Among those infected with HCV, 15% of 
patients with severe hemophilia exhibited inhibitor 

positivity. Notably, none of our patients had an HIV 
infection.  
 
DISCUSSION 
Socio-demographic and epidemiological 
characteristics of adult PWH in our country are still 
overlooked and poorly defined. In our study group, a 
high proportion of patients (63.1%) had severe 
disease, and most were treated with prophylactic 
factor replacement therapy. The inhibitor positivity 
was reported at 8.9% among our participants. 
Kavaklı et al. reported inhibitor prevalence at 11.2% 
for hemophilia A patients and 15.8% for severe 
hemophilia A patients in Turkey (9). However, the 
prevalence of inhibitors in hemophilia patients varies 
widely in different studies, ranging from 6% to 27% 
(10-13). 
PWH have a higher unemployment rate compared to 
the general population, largely due to joint 
deformities causing physical handicaps, and the 
inability to continue working because of bleeding 
episodes. The unemployment rate among all patients 
in our study was 33.3% while it ranges from 13% to 
20% in industrialized countries and about 54% in 
underdeveloped countries (14,15). Our significantly 
higher unemployment rate is likely influenced by the 
overall high unemployment rate and the limited job 
opportunities in our country. There was a strong 
correlation between the patients' occupation and 
annual bleeding episodes; unemployed patients 
experienced fewer joint bleedings overall. This could 
be due to reduced physical activity among those not 
working.  However, since the nature of the employed 
patients’ jobs (whether desk-based or physically 
demanding) was not specifically assessed, it would 
be premature to attribute this trend solely to physical 
activity levels. 
In various studies, 65% of hemophilia patients were 
found to have completed at least 12 years of 
education, equivalent to high school graduation (14). 
In our study, this ratio slightly lower at 60%. According 
to 2016 statistics, 35% of adults over 35 in Turkey had 
a university degree or higher, which is close to the 
33.3% found in our survey. It is important to note that 
if this study were conducted in the eastern cities of 
Turkey, the proportion of university graduates among 
the patients might have been lower.   
Previous studies have shown mixed results regarding 
the risk and prevalence of comorbidities in PWH 
compared to the general population. Few studies  

Table 2. Comorbidities of Patients 

 

 

 
n (%) 

HBV 3 (2.2) 

HCV 13 (9.6) 

HIV/AIDS 0 

Liver Disease  2 (1.4) 

Hypertension 24 
(17.8) 

Diabetes mellitus 18 
(13.3) 

Obesity a 16 
(11.9) 

Hypercholesterolemia/hyperlipidemia 8 (5.9) 

Cardiovascular disease 9 (6.7) 

Neurological Disease (stroke, 
epilepsy) 

3 (2.2) 

Cancer 4 (2.9) 

Rheumatologic Disease 2 (1.4) 

Endocrinological disease  4 (2.9) 

Kidney disease 4 (2.9) 
a Obese were calculated based on initial clinician form of 
height and weight; overweight is defined as BMI (=weight 
(kg)/height2 (m)) ≥25 and <30; obese is defined as 
BMI ≥30. 
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have evaluated these comorbidities in PWH against 
an age-matched control group without hemophilia 
(13,16,17).  Chronic viral infections and hypertension 
were found to be more prevalent in PWH, while 
cardiovascular disease (17), overweight, and 
hypercholesterolemia were reported less frequently 
(16). The incidence rates for DM and cancer were 
similar between cases and controls (13). Kulkarni et 
al. identified common risk factors for PWH, such as 
age, hypertension, smoking, obesity and DM, 
indicating that the prevalence of cardiovascular 
disease in PWH over 45 was comparable to that in 
the non-hemophilic population.  However, other 
studies have reported lower mortality rates from 
cardiovascular disease in PWH. In our cohort, the 
prevalence of cardiovascular disease was 6.7%, 
slightly higher than the 6.1% reported for males over 
thirty in Turkey by the Turkish Statistical Committee 
but similar to previous retrospective studies. This 
underlines the importance of screening and primary 
prevention given the longer life expectancies of 
hemophilia patients. The prevalence of hypertension 
and DM in our study was 17.8% and 13.3%, 
respectively, which are lower than previously reported 
data (16). Interestingly, we observed that the annual 
bleeding rate was significantly lower in patients with 
DM.  When reevaluating the data, we found that 
patients with DM were typically older and 
unemployed, leading to the hypothesis that reduced 
physical activity contributed to fewer bleeding 
episodes A study from Taiwan reported the 
prevalence of overweight and obesity was 61.8% in 
PWH aged 30 to 39 years, 60.6% in PWH aged 40 to 
49 years, and 48% in PWH aged ≥50 years and 
showed that BMI and obesity also had positive 
correlation with annual joint bleeding rate (18). 
However, in our study, no correlation was found 
between BMI and annual bleeding episodes or 
disease severity. We did observe that the right ankle 
was the most commonly affected joint in patients with 
higher degrees of obesity.  
HCV was the most common blood-borne virus in our 
study population, with an overall incidence of 11.8%. 
Prior to 1990, PWH were particularly susceptible to 
HCV and HBV infections. However, the risk 
significantly decreased after the implementation of 
mandatory serological and molecular testing; during 
blood donations. Currently, the expected 
seroprevalence of HCV infection in PWH is 3.6% (19). 
Hepatocellular carcinoma due to HCV infection was 
reported in one (1/13) patient in our cohort.  

There are some limitations in our study. Firstly, it was 
retrospective, based on patients’ recorded files, which 
may limit the accuracy and depth of data collected. 
Secondly, the correlation between socio-
demographic factors and clinical features is 
suboptimal, as we were unable to evaluate aspects 
such as quality of life, physical activity, and physical 
and social functioning. Thirdly, while we reported the 
prevalence of comorbidities in our study group, these 
findings would be more robust if compared with an 
age-matched general population. Despite these 
limitations, to our knowledge, this is the first study in 
Turkey to describe the epidemiology and 
comorbidities of adult hemophilia patients, involving a 
larger number of patients than previously reported 
studies from other countries. Additionally, our findings 
indicate that the rate of university graduation and the 
unemployment ratio in our study group are 
comparable to those of the general population in our 
country.  
 
CONCLUSION 
Over the past seven decades, the availability of 
replacement factor products and new treatment 
strategies has significantly increased the life 
expectancy of the patients with hemophilia. However, 
treating older hemophilia patients and managing their 
emerging age-related diseases are still challenges for 
hematologists, due to relatively limited experience. 
Currently, there is no consensus or established 
guidelines for managing age-related diseases in 
PWH. Hemophilia caregivers and comprehensive 
care centers should be proactive in monitoring and 
managing the comorbidities in adults with hemophilia, 
ensuring patient well-being, and coordinating the 
optimal care.  Moreover, further researches are 
essential to develop appropriate guidelines for 
managing older PWH. 
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INTRODUCTION 
Tests consisting of multiple choice questions (MCQ) 
are widely used in medical education, as they allow 
the evaluation of high-level cognitive areas of Bloom's 
taxonomy and the evaluation of a large number of 
people simultaneously (1-5). 
Item analysis allows the quality of MCQs to be 
evaluated. Difficulty Index (DIF I), Discrimination 

Index (DI), and Distractor efficiency (DE) are the most 
frequently used item analysis values. With these 
analyses, the properties of each substance can be 
determined separately (6). Also, item analysis helps 
to decide on the selection, revision, or removal of 
questions to create question banks. It provides data 
for question writers on their performance and guides 
them to write more effective MCQs. Guides and 

ABSTRACT 
Introduction: Multiple choice questions (MCQs) are widely used in medical education. This study aims to 
evaluate the quality of MCQ and the predictions of MCQ authors about the difficulty levels of their 
questions. 

Methods: In this study, the Difficulty Index (DIF I), Discrimination Index (DI), and Distractor Efficiency (DE) 
values of 688 MCQs in the exams held in the first year of the 2021-2022 academic year of Dokuz Eylül 
University Faculty of Medicine were investigated. The data were reported as a percentage and mean ± 
standard deviation (SD), minimum and maximum values of items. DIF I and DI values among the groups 
formed according to the distractor activity were compared using the t-test, and the effect size was 
calculated. Estimated and actual DIF I, one-to-one matching was evaluated with Mc neamer chi-square 
test.  

Results: The results of our research are based on the analysis of data from 688 MCQs. DIF I mean was 
0.57±0.21, and 47.5% was at the ideal difficulty level. There was a significant difference between the 
estimated and the actual DIF I (p=0.002). The DI average was 0.31 ± 0.17, and the discrimination level of 
43.6% was excellent. 36.8% of distractors were NFD. MCQ's difficulty and discriminatory ability were 
significantly different according to the number of NFDs (p<0.001 for all).  

Discussion: It was determined that the number of NFDs significantly affected difficulty and discriminatory 
ability. There was a difference between the estimates of the difficulty and the actual values. Reducing the 
number of options in MCQs and being more careful when crafting questions can improve the quality of the 
questions. 

 

Keywords: Difficulty index, Discrimination index, Functioning distractors, Item Analysis, MCQs. 

 

490 



J Basic Clin Health Sci 2024; 8: 490-497   Konakci S. Analysis in Multiple Choice Questions 

  

studies on MCQ preparation can be easily found in 
the literature (1, 7-12). 
DIF I takes a value between '0' and '1'; the closer it is 
to 1, the easier the MCQ is. DIF I value for medical 
education can be grouped as ≤ 0.29 too difficult, 0.30-
0.70 acceptable, 0.50-0.60 ideal, and ≥ 0.70 too easy 
(13-15). 
DI defines the extent to which the item can distinguish 
between students knowledgeable in the targeted field 
and students who are not. DI can take a value 
between '-1' and '+1'. As DI approaches '+1', the 
ability to distinguish between those who know and 
those who do not know increases. If the DI value of 
an item is 0.19 or below and does not contain an 
obvious error that can be corrected when examined, 
it is recommended that the item be removed from the 
test/not used again. A DI value of ≥0.35 is considered 
excellent in an ideal test.  
DE is effective in determining the difficulty and 
discrimination level of an item. For someone who 
does not have sufficient knowledge of the subject 
being evaluated, distractors are expected to be the 
correct answer and be preferred. Arranging the 
appropriate distractor is as tricky as arranging the 
correct response (16). A distractor with a preference 
rate of <5% is generally considered non-functional. 
The more non-functional distractors (NFD) in an 
MCQ, the lower and easier it becomes to 
discriminate. 
It is important in ensuring the validity and reliability of 
the exams that MCQ writers master the principles of 
question preparation and have knowledge about 
interpreting the results of item analysis. Besides, it is 
important to consider the item analysis results in 
creating question banks. 
The questions of this research are as follows: 
• What are the conditions of DIF I, DI, and DE of 

the evaluated MCQs? 
• Does the number of NFD have an effect on DIF I 

and DI? 
• Do question authors have a realistic foresight 

about the difficulty level of their questions? 
In this study, the evaluation of MCQ quality and the 
assessment of question authors' predictions about 
the difficulty level of their questions are aimed to find 
answers to the research questions mentioned above. 
 
MATERIALS AND METHODS  
In the 2021-2022 academic year, a total of six MCQ 
tests were applied to 346 students studying at Dokuz 

Eylül University Faculty of Medicine (DEUFM) Term 1 
for knowledge evaluation throughout the year. The 
tests were prepared using the blueprint. The number 
of questions to be included in the tests varies 
depending on the block time and total number of 
targets (min: 100 - max: 125 MCQs). MCQs in the 
tests have five options and one correct answer. All of 
the questions were used for the first time. Item 
analysis was performed routinely after each exam. 
The results were used as a guide to decide on the 
reuse of questions stored in the question bank. In the 
2021-2022 academic year, MCQ authors recorded 
their estimation of DIF I as 'very easy, acceptable or 
very difficult' when preparing the question. Before all 
MCQs were used in the tests, they were reviewed by 
an evaluator other than the MCQ authors in terms of 
grammatical clues, logical clues, having more details 
in the right option, the arrangement of options 
(chronological or numerical order), and unnecessary 
information in the stem. After the necessary 
arrangements and corrections were made, they were 
used in the exams.  
In our faculty, a question discussion session was held 
after each exam. Questions and correct answers 
were shared with students in discussion sessions. 
After these sessions, students had the right to object 
to the information contained in the MCQs and the 
correct answer by citing literature. According to the 
item analysis results, questions with a known rate of 
10% or less, questions with a noticeably high rate of 
marking a particular distractor, questions with DI 
≤0.19 and DIF I value <30, and questions objected to 
by students citing literature support were consulted 
with the MCQ author.  
A total of 700 MCQs were used in six Term I tests that 
took place during the period covered by the research, 
and the authors of 40 MCQs were consulted in line 
with the criteria listed above. Twenty of the MCQs 
whose authors were consulted were excluded from 
the evaluation because they were found to contain 
informational errors. This process was routinely 
applied in all MCQ exams in our faculty, and the final 
calculation of student scores was made after these 
procedures. The research results were based on the 
evaluation of data from the item analysis of 688 
MCQs used in calculating student scores. 
 
Item Analysis  
DIF I and DI are calculated and categorized as 
follows: 
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H= Number of students giving correct responses in 
the high score group (upper 27%).  
L= Number of students giving correct responses in 
the low score group (lower 27%).  
N= Total no of responses in both groups.  
 
DIF I = [(H+L) / N] (DIF I of an item range between 0-
1)  
Criteria for categorization of DIF I is,  

DIF I ≥0.7 = too easy 
DIF I = 0.3 – 0.7= acceptable 
DIF I = 0.5-0.6= ideal 
DIF I ≤0.29= too difficult 

 
DI = 2 x [(HL) / N] [DI of an item range between (-1) 
– (+1) ] 
Criteria for categorization of DI are,  

DI ≤ 0.2 = poor 
DI = 0.21-0.24 =acceptable 
DI = 0.25-0.34=good 
DI ≥0.35 = excellent 

 
For DE, a distractor with a preference rate of <5% 
was considered non-functional, and the number of 
non-functional distractors (NFD) was determined for 
each MCQ.   
 
Statistical Analysis  
Statistical analyses of the research were carried out 
via SPSS v.24.0 (IBM, Armonk, NY, United States of 
America) using the item analysis results of the 
education management system used in our faculty. 
The data were reported as a percentage and mean ± 
standard deviation (SD), minimum and maximum 
values of items. By grouping as Estimated and actual 
DIF I, acceptable DIF I, and other DIF I (easy DIF I + 
difficult DIF I), one-to-one matching was evaluated 
with Mc neamer chi-square test. DIF I and DI values 
among the groups formed according to the distractor 
activity were compared using the t-test, and the effect 
size was calculated. A p-value of <0.05 was 
considered statistically significant. 
 
Ethical Approval: The study was conducted after 
receiving approval from Non-interventional Research 
Ethics Committee of Dokuz Eylül University (Decision 
Date: 11.03.2023, No:2023/02-11). 
 
Data usage permission: The data used in the 
research were obtained retrospectively from the item 

analysis results of the examinations conducted by the 
Dean's Office of Dokuz Eylül University Faculty of 
Medicine. The usage of the data has been granted 
permission by the Dean's Office of Dokuz Eylül 
University Faculty of Medicine (29.12.2022 / 
Document number: E-13511134-044[044]-470153). 
This permission document, along with other 
requested documents, was submitted to the Ethics 
Committee of Dokuz Eylül University for Non-
interventional Studies. No personal data belonging to 
individuals were used, and no interventional 
procedures were performed. 
This research dataset is accessible at 
https://doi.org/10.5281/zenodo.10461566.The 
anonymized data can be made accessible on 
request. 
 
RESULTS 
DIF I mean in post-evaluation item analysis was 
determined as 0.57±0.21 (min:0.06 max: 0.99). 
60.2% (205 questions) of all MCQs were at the 
acceptable difficulty level, and 47.5% (327 questions) 
were at the ideal difficulty level (Table 1).  
According to the difficulty estimates made by the 
MCQ authors while preparing the questions, 52.0% 
(358 questions) of the questions were labeled 
acceptable, 39.0% (268 questions) were labeled too 
easy, and 9.0% (62 MCQs) were labeled too difficult 
(Figure 1).  
 

Table 1. Distribution of items according to their DIF I, DI 
and NFD* (n=688) 

 
Number of 

items % 

DIF I 

≤ 0.29 (too difficult) 69 10.0 
0.3 - 0.7 (acceptable) 414 60.2 
≥ 0.7 (too easy) 205 29.8 
0.5-0.6 (ideal) 327 47.5 

DI 

≤ 0.2 (poor) 183 26.6 
0.21-
0.24  (acceptable) 57 8.3 

0.25-0.34 (good) 148 21.5 
≥0.35 (excellent)  300 43.6 

NFD 

0 NFD 207 30.1 
1 NFD  166 24.1 
2 NFD 154 22.4 
3NFD 104 15.1 
4 NFD 57 8.3 

*DIF I: Difficulty Index, DI: Discrimination Index, NFD:Non-
Functional Distractors  
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Figure 1. Distribution of items according to their estimated 
DIF I and actual DIF I (n=688) (%). 
 
It was determined that there was a significant 
difference between the DIF I predicted by the MCQ 
authors and the actual DIF I groups (x2 mc neamer =9.45, 
p=0.002) (Table 2). 
The DI average for all items was 0.31 ± 0.17 (min: 
-0.19, max:0.84). In the grouping  according to the DI 
level, the discrimination of 43.6% (300 questions) of 
the items was at a very good level, while the 
discrimination of 26.6% (183 questions) was very low 
(Table 1). 
There were a total of 2752 distractors in 688 MCQs. 
36.8% of the distractors (1014 distractors) were NFD. 
It was determined that all distractors worked in 30.1% 
of the MCQs (207 questions), and none of the  
distractors worked in 8.4% (57 MCQs) (Table 1).   
In the comparison between DIF I and DI levels 
according to the operating status of the distractors, it 
was determined that there was a significant difference 
between the averages of the groups (p<0.001for all, 
η2 =0.569 and 0.083, respectively) (Table 3). 
 
DISCUSSION 
In our study, it was determined that the DIF I value of 
60.2% of all items was at an acceptable level, and 
47.5% of them were at an ideal level. When we look 
at the estimated DIF I proportional distribution 52.0% 
acceptable, 39.0% too easy, 9.0% too difficult. There 
is a statistically significant difference between 
estimated and actual DIF (x2 mc neamer =9.45, p=0.002). 
MCQs DI values, we found that 43.6% were at an 

excellent level and 21.5% were at a good level and it 
was found that all distractors worked in 30.1% of 
MCQs. When we compared the DIF I values of MCQs 
according to the number of NFDs, we saw that, as 
expected, as the number of NFDs increased, the DIF 
I value approached one, and the effect size was 
significant (p= 0.000, η2= 0.569).  
It is common to use tests consisting of MCQs for 
knowledge assessment in medical education. Item 
analyses are applied after the questions are used and 
provide valuable information about the test's overall 
quality and the MCQ's quality.  
In the literature, many studies evaluated the results of  
item analysis of tests consisting of multiple-choice 
and single-correct answers applied in medicine and 
the health field. These studies generally aim to 
evaluate the items of only a single test (13, 14, 17,19).  
Unlike these studies, our research is based on the 
item analysis results of 688 of the 700 MCQs used in 
the Term 1 knowledge evaluation exams in the 2021-
2022 academic year, which contained no information 
errors and were included in the question bank after 
the exams. These questions were used for the first 
time in the relevant exams.  
Recognition/frequent use of MCQs by students has 
an impact on item analysis results. Therefore, we 
think it is important that all MCQs are used for the first 
time. However, we found no information on this 
subject in the studies we compared the results of. 
In our study, it was determined that the DIF I value of 
60.2% of all items was at an acceptable level, and 
47.5% of them were at an ideal level. When our 
results are compared with similar studies in the 
literature, it is seen that our acceptable DIF I rate is 
lower than some studies (15, 18, 21, 22). However, 
approximately half (47.5%) of the 688 MCQs we 
evaluated in our research have an ideal DIF I value. 
This finding indicates that most questions within 
acceptable limits were stacked at an ideal level. The 
range defined as the acceptable limit is quite wide. 
MCQs in tests have a certain difficulty, and 
discrimination limit is a criterion that must be 

Table 2. Distribution of MCQs according to Estimated and actual DIF I 

 

Actual DIF I 

Total Acceptable Other 

n Row % Column % n Row % Column % n Row  
% Column % 

Estimated DIF I 
Acceptable 226 63.1 54.6 132 36.9 48.2 358 100.0 52.0 
Other  188 57.0 45.4 142 43.0 51.8 330 100.0 48.0 

Total  414 60.2 100.0 274 39.8 100.0 688 100.0 100.0 
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considered for the tests to serve their purpose and 
obtain valid and reliable measurement tools. Tests 
consisting of MCQs without appropriate values can 
also impact student exam success, both in terms of 
failure and passing (5, 8, 23, 24). Therefore, we think 
that the ideal level should be tried to be achieved 
rather than the acceptable level, and these questions 
should be given priority in the selection for the 
question bank.   
MCQ writers need to consider these criteria while 
preparing their questions and try to prepare questions 
suitable for the ideal DIF I and DF level, free from 
spelling and editing errors. Our faculty has been 
providing training on MCQ preparation and item 
analysis for many years. However, as a common 
behavior, there are problems in complying with 
existing guidelines or training materials, as described 
in the literature (8, 24 - 29). Hence, MCQs in our 
Faculty are reviewed for item writing flaws by a 
measurement evaluator other than the question 
authors before they are used in the tests. Detected 
errors are corrected. In this way, the effect of common 
errors carried by MCQs is tried to be minimized. In the 
literature, in similar studies on item analysis, no 
information was found indicating that MCQs were 
reviewed/corrected by measurement and evaluator 
before being used. In the study of Ali and Ruit, based 
on the item analysis results, the results obtained in 
the subsequent use of the MCQs reviewed in terms 
of item writing flaws and NFD were evaluated (30). 
Research that provides the opportunity to 
demonstrate the effect of the regulations by  
comparing them with the item analysis results of 
equivalent exams consisting of MCQs without final 

adjustments will allow us to evaluate the real impact  
of the intense effort given.   
When determining the difficulty of a question, the 
MCQ writer needs to consider the level of the learning 
goal related to the question and the cognitive level of 
the question, which is often overlooked. Our study 
evaluates the consistency of the item difficulty level 
predicted by the MCQ author with the actual difficulty 
level. When we look at the estimated DIF I 
proportional distribution (52.0% acceptable, 39.0% 
too easy, 9.0% too difficult), it can be thought that 
question writers generally tend to prepare MCQs at 
an acceptable difficulty level. However, when we 
examined the distribution of actual DIF I values, it was 
determined that there are proportional differences in 
the DIF I distribution compared to the estimated DIF 
I, within very easy and acceptable limits. In a one-to-
one comparison, it was determined that only half of 
the MCQs, which were within acceptable limits 
according to the actual DIF I, were labeled in the 
same way by the question authors. There is a 
statistically significant difference between estimated 
and actual DIF (x2 mc neamer =9.45, p=0.002). This 
situation is most likely because MCQ authors label 
DIF I without giving it much thought/care. It may also 
be effective that students do not have a realistic 
prediction about their knowledge level or that the 
MCQs are prepared by an assessment evaluator 
other than the author before the exams.  
In our study, when we grouped the MCQs according 
to their DI values, we found that 43.6% were at an 
excellent level and 21.5% were at a good level. In our 
study, the excellent DI level is lower than that of Uddin 
et al.'s study; however, the number of evaluated 
MCQs specifically given in percentage was not clearly 

Table 3. Comparison of MCQs' DIF I and DIF Levels 

 N Mean SD Min. Max. F p Eta Squared(η2) 

DIF I 

4 NFD 57 .8961 .04242 .81 .99 

225.37 0.000 0.569 

3 NFD 104 .7550 .12403 .30 .90 
2 NFD 154 .6353 .14244 .16 .84 
1 NFD 166 .4868 .15984 .06 .78 
0 NFD 207 .4127 .13096 .09 .71 
Total 688 .5722 .20576 .06 .99 

DI 

4 NFD 57 .1695 .08589 .00 .37 

15.36 0.000 0.083 

3 NFD 104 .2905 .14291 -.06 .84 
2 NFD 154 .3425 .15454 -.03 .77 
1 NFD 166 .3449 .17484 -.10 .73 
0 NFD 207 .3217 .16996 -.19 .66 
Total 688 .3146 .16502 -.19 .84 
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defined in the article (20). Our excellent DI level 
question rate was at a higher level than similar 
studies, except for the study by Rao et al. The high 
rate of questions with ideal DIF I and excellent DI 
levels can also be considered an important clue about 
exam reliability (15, 18, 21, 22). 
The presence of NFD is one of the factors affecting 
the quality of MCQ. In our research, it was found that 
all distractors worked in 30.1% of MCQs. In 8.4% of 
MCQs, all distractors were non-functional. These 
MCQs may have irrelevant distractors, the cognitive 
level may be very low, or they may indicate rare 
situations in which all students achieve correct 
learning. However, the rate of these MCQs is quite 
low. The results of the study are consistent with the 
study of Kumar et al., where the rate of MCQs with all 
distractors being functional was found to be 33%, and 
the rate of MCQs with all distractors being non-
functional was found to be 2% (22). However, 
Bhattacherjee et al., found in their study that the rate 
of MCQ with all distractors working was 13.33%, and 
the rate of MCQ with all distractors being non-
functional was 16.67% (21).  
We use five-choice MCQs with one correct answer in 
our exams. However, in studies conducted on 
medical and health education exams related to item 
analysis, it is observed that MCQs are arranged with 
one correct answer and four options. Studies are 
showing that the number of options in the MCQ being 
less than five does not have a significant effect on the 
DIF I and DI values or that increasing the number of 
distractors in the MCQ does not have a positive effect 
(31-37). Kheyami et al., state that using an MCQ with 
four options may be better than using an MCQ with 
five options (38). Rodríguez, reported that removing 
the least functional distractor did not have a negative 
effect on DIF I, while the remaining ones may have a 
positive effect on DI with higher selection frequency 
(39).  
When we compared the DIF I and DI values of MCQs 
according to the number of NFDs, we saw that, as 
expected, as the number of NFDs increased, the DIF 
I value approached one, and the effect size was 
significant (p= 0.000, η2= 0.569). In our analysis of the 
DI values of MCQs according to the number of NFDs, 
we revealed that although we found a significant 
difference, the effect size was very low (p= 0.000, 
η2=0.083). This finding is consistent with the results 
of the studies of Rodriguez, Hingorjo and Jaleel (39, 
40). The NFD number affects both the DIF I and DI 
value of the problem. This effect is worth considering, 

especially on DIF I. It is a difficult task to prepare 
MCQs with DIF I and DI values that can be 
considered ideal for assessments in medical 
education, and as the number of options increases, 
more editing effort and time is required for the 
authors. Based on this finding, which is compatible 
with the literature, we think that it would be 
appropriate to prepare MCQs with four well-
constructed options. 
 
CONCLUSION 
In our study, we found that MCQs had mostly ideal 
DIF I values, but the MCQ authors were not very 
accurate in their DIF I estimations. In our study, we 
found that the DI value of approximately half of the 
questions was excellent. We think that questions with 
ideal DIF I and DI values will provide a realistic 
evaluation opportunity. While the number of non-
functional distractors has a significant effect on the 
DIF of a question, we found that it has a significant 
but small effect on the DI. The effect of the number of 
NFDs on DIF I and DI suggested that questions with 
four options could be used instead of having difficulty 
and making mistakes while trying to create questions 
with five options. We did not have the opportunity to 
evaluate the effect of reviewing MCQs in terms of item 
writing flaws before being used in exams on item 
analysis values, but we think that studies on this 
subject will be valuable. It is important for MCQ 
authors to use the item analysis results in the 
question bank records as a guide for their 
development and to avoid repeating the same 
mistakes in the questions they have just prepared to 
create reliable tests with high measurement values. 
Assessing the item analyses of numerous MCQs, 
particularly examining the impact of NFDs on DIF I 
and DI, and comparing question writers' difficulty 
predictions with the actual difficulty encountered 
constitute the strong aspects of this study. On the 
other hand, the failure to evaluate the impact of 
having questions reviewed by someone other than 
the question writers before usage constitutes a 
weakness of this study. 
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INTRODUCTION 
Celiac disease (CD) is a gastrointestinal system 
disease that causes deterioration of the villus 
structures in the intestines and damages the small 
intestine in individuals with a genetic predisposition 
(1-4). It has been reported that CD is a rare disease 
in previous studies, but more recent studies have 

shown that the prevalence of CD in different 
populations has increased to 0.3-1% and is gradually 
increasing all over the world (4, 5). With celiac 
disease affecting all age ranges in the population, and 
with a documented higher frequency, there is a 
growing awareness in society that can be easily seen 

ABSTRACT 
Purpose: Lifelong dietary adherence is very important in celiac disease. Several factors may affect 
adherence to a gluten-free diet (GFD). In this study, it was aimed to determine the adherence to a gluten-
free diet (GFD) and the factors affecting social life in adults with celiac disease. 
Material and Methods: This cross-sectional study was conducted on 98 adults diagnosed with celiac 
disease, using the telephone interview method of data collection. The level of adherence to GFD was 
accepted as the dependent variable. Several factors including age, gender, economic status, educational 
level, and marital status were considered as independent variables. Quantitative variables were compared 
using the student’s t-test, while the Chi-square test was used for qualitative variables. Multiple logistic 
regression analysis was performed to determine related factors associated with “excellent” adherence to 
GFD. 
Results: 53.1% of the celiac patients reported their adherence to GFD was “excellent”, 46.9% was “poor”. 
The celiac patients’ 61.2% reported difficulties about to access GFPs and 49.0% of them never consume 
commercial GFPs. Before eating out, 67.3% of the celiac patients call the restaurant to ask if they have a 
gluten-free menu. The celiac patients’ 69.4% reported that they use a gluten-scanner application. The rate 
of “excellent” adherence to GFD of the celiac patients who had ≥4 family members were significantly lower 
(OR: 0.112 CI: 0.15-0.832, p=0.017). The celiac patients with ≥10 diagnosis years had significantly lower 
adherence to GFD (OR: 0.053 CI: 0.010-0.292, p=0.001). Gluten-scanner applications non-users had 
0.163-fold lower “excellent” adherence to GFD (OR: 0.163 CI: 0.034-0.779, p=0.016). 
Conclusion: This study emphasizes that having nuclear family, new diagnosis, and use of mobile 
applications positively affect adherence to GFD. 

Keywords: Celiac disease, chronic disease, diet, mobile applications 
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in grocery stores, restaurants, and food 
manufacturers (5). 
Patients diagnosed with CD are advised to consume 
“gluten-free diet (GFD)” to reduce the severity of 
gluten-induced acute gastrointestinal symptoms and 
reduce the risk of chronic complications (4, 6). 
Currently, there are no scientific proven drugs that 
can prevent gluten-induced mucosal damage in 
celiac patients. There are some studies showing that 
there is a significant relationship between increased 
celiac patients’ adherence to GFD and reduced risk 
of malabsorption, osteoporosis, and some 
autoimmune diseases (4, 7, 8). Therefore, adherence 
to a lifelong GFD is very important in reducing the 
inflammatory process and mucosal damage in the 
intestines. In addition, adherence to GFD may reduce 
health expenditures due to complications that may 
develop due to celiac disease. 
Celiac patients must cope with major changes in their 
eating habits and even in their social lives because 
GFD in CD is the only accepted treatment (9, 10). 
Further, it is very difficult to maintain GFD, which 
makes radical changes in eating habits, consistently 
throughout life (9). Lifelong strict adherence to a GFD 
is necessary to prevent complications. Nurses and 
specialist pediatric dietitians have an important role in 
recognizing and diagnosing CD early, as well as 
offering ongoing dietary and clinical support (11).  
In previous studies, the most frequently reported 
reasons for the difficulties faced by celiac patients in 
adherence to GFD are the high costs of GFPs, 
difficulty to access GFPs (3, 12), not supporting by 
the other members of family (13), and dislike of the 
organoleptic properties of GFPs (4). In this study, it 
was aimed to determine the adherence to GFD and 
the related factors affecting social life in adults with 
CD. 
 
MATERIAL AND METHODS 
Study Design and sampling 
This cross-sectional study was performed with adults 
diagnosed celiac disease in Kayseri province, a 
Central Anatolian Region city. The participants were 
local members of the Turkish Life with Celiac 
Association which is a member of the Association of 
European Celiac Societies (AOECS). In addition to 
the GFD, those who had to follow another diet for a 
different reason (pregnancy, lactation, or chronic 
disease) were excluded from the study. The local 
members of the Turkish Life with Celiac Association 
included a total of 112 officially registered celiac 

Table 1. The celiac patients’ socio-demographic, 
anthropometric, and disease characteristics. 

Items n % 
Gender    

Male 21 21.4 
Female 77 78.6 

Age groups (years)   
≤30 36 36.7 

31-44 38 38.8 
≥45 24 24.5 

BMI (kg/m2)   
<18.5 11 11.2 

18.5-24.9 51 52.1 
25.0-29.9 24 24.5 

≥30.0 12 12.2 
Working status   

Working 25 25.5 
Not working 73 74.5 

Education status   
Primary school  21 21.4 

Secondary school  10 10.2 
High school  44 44.9 

College   23 23.5 
Marital status   

Married  71 72.4 
Not married 27 27.6 

Number of family members   
<4 22 22.4 
≥4 76 77.6 

Economic status   
Bad  13 13.3 

Moderate 27 27.5 
Good 58 59.2 

Diagnosed years    
<10 38 38.8 
≥10 60 61.2 

Presence of concomitant 
disease 

  

Yes 52 53.1 
No 46 46.9 

Most common concomitant 
disease*  

  

Anemia  23 45.1 
Osteoporosis  11 21.6 

Thyroid diseases  17 33.3 
Family members diagnosed 
with CD  

  

Yes  18 19.0 
No  80 81.0 

Self-reported health status    
Good 57 58.2 

Not good 41 41.8 
Total 98 100.0 

* (n=51), those only who had concomitant disease. 
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patients. In this study, it was aimed to reach the study 
population without a specific sample selection. 
However, 12 celiac patients refused to participate. 
They were therefore excluded. In addition, two celiac 
patients were excluded from the study due to errors 
in their data. As a result, this study was conducted 
using data from a sample size of 98 celiac patients. 
To assess dietary adherence in celiac patients, G 
power analysis with a medium effect size was 
performed using a one-sample case test with α=0.05 
and β=0.80. The sample size was determined as a 
minimum of 90 participants.   
 
Data Collection  
The data were collected between September 2017 
and May 2018 by using telephone-interview method. 
The answers were recorded on the questionnaire 

forms by the researchers. After giving detailed 
information about the study, a suitable time was 
determined with the celiac patients to ensure the 
reliability of the data, and the telephone-interview was 
made during this time. The celiac patients who did not 
want to participate were not included in the study. 
Adherence to GFD was the dependent variable, while 
various variables (age, gender, economic, 
educational, and marital status, etc.) were 
independent. A questionnaire consisting of three 
parts and 41 questions, developed by the researchers 
in accordance with the literature review was 
performed. In the first part, there were questions 
about the socio-demographic and disease 
characteristics, and anthropometric measurements of 
the celiac patients. In the second part, under the title 
of “adherence to gluten-free diet (GFD) and 
accessibility of gluten-free products (GFPs)”; it was 
aimed to determine the challenging situations to 
access GFPs and adapting and maintaining to the 
GFD. The questions under the title "Adherence to 
gluten-free diet (GFD) and accessibility to gluten-free 
products (GFPs)" were determined by analyzing the 
literature. Celiac patients were asked for their most 
recent measurements and their self-reports were 
obtained. The BMI was calculated from these values. 
Body mass index (BMI) (weight (kg)/height (m)²) was 
calculated from self-reported weight and height 
measurement values (14). Celiac patients with BMI < 
18.5 kg/m2 were evaluated as “underweight”, 18.5-
24.9 kg/m2 as “normal”, 25.0-29.9 kg/m2 as 
“overweight”, and ≥ 30.0 kg/m2 as “obese” (15).  
For the categorization of adherence to the gluten-free 
diet, which is the most basic variable of the study; 
those who declared that they strictly adherence to 
GFD were characterized as "excellent" adherence, 
while those who declared all other conditions were 
characterized as "poor" adherence. 
 
Statistical Analysis 
Data was analyzed using SPSS 22.0 (SPSS Inc., 
Chicago, IL) package program. Data was tested with 
Shapiro-Wilk test for normal distribution. Percentage 
values were used for qualitative data. Student-t test 
was used to compare quantitative variables, and Chi-
square test was used to compare qualitative 
variables. The factors that were significant in the Chi-
square comparison of qualitative variables were 
evaluated by multiple logistic regression analysis. 
Multiple logistic regression analysis was performed to 
determine which variables affected “excellent” 

Table 2. The celiac patients' adherence to GFD and 
other nutritional behaviors. 

Items n % 
Self-reported adherence to 
GFD 

Excellent 52 53.1 
Poor 46 46.9 

Number of consumed meals 
in a day 

  

2 35 35.7 
3 63 64.3 

Consumption of snacks    
0  32 32.7 
1 35 35.7 
2 25 25.5 
3 6 6.1 

Skipping meals   
Yes  60 61.2 
No  38 38.8 

Most skipped meal*   
Breakfast 14 23.3 

Lunch 44 73.3 
Dinner 2 3.4 

Favorite food preferences for 
snacks** 

  

Fruits  44 66.6 
Nuts 14 21.2 

Dairy products  8 12.2 
Regular use of vitamin-
mineral supplements 

  

Yes  24 24.5 
No  76 75.5 

Total 98 100.0 
* (n=60), those only who skip meals, and ** (n=66), 
those only who consumption snacks. 
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adherence to GFD modelled by multiple logistic 
regression analysis with independent groups. Odds 
ratio (OR) at 95% confidence interval (CI) for every 
model was calculated. Values were considered 
significant at p<0.05. 
 
Ethical Consideration  
The study was approved by Nuh Naci Yazgan 
University Ethical Committee (Decision Date: 
13.11.2017, No: 2017-338). Written permission was 
obtained from the Kayseri Life with Celiac Association 
to conduct the study and the procedures followed 
were in accordance with the Helsinki Declaration. The 
celiac patients who participated in the study were 
given detailed information about the study and were 
assured of the confidentiality of their responses. 
Verbal informed consent were provided. 
 

RESULTS 
In this study data of 98 celiac patients were 
evaluated. The mean age of the celiac patients was 
36.22±12.28 years (min: 18, and max: 69 years). The 
celiac patients’ 21.4% were men and 78.6% were 
women. According to the BMIs of the celiac patients, 
11.2% were underweight, 52.1%, were normal, 
24.5% were overweight and 12.2% were obese. The 
celiac patients’ 74.5% were not working. Most of the 
celiac patients (68.4%) had high school and above 
education level. The celiac patients’ 72.4% were 
married, 77.6% had ≥4 family members. 59.2% of the 
celiac patients had good economic status. The celiac 
patients’ 61.2% had ≥10 diagnosed years and 53.1% 
had concomitant disease. The mean diagnosed years 
of the celiac patients was 29.50±12.69 years (Data 
not shown in a table). The celiac patients’ 19.0% had 
a family member diagnosed with CD. The celiac 
patients’ 58.2% evaluated their health status as 
“good”. The celiac patients’ sociodemographic, 
anthropometric, and disease characteristics were 
presented in the Table 1.  
The celiac patients' adherence to GFD and other 
nutritional behaviors were showed in the Table 2. 
53.1% of the celiac patients reported their adherence 
to GFD was “excellent”, 46.9% was “poor”. The celiac 
patients’ 64.3% consume three main meals, and 
35.7% consume one snack in a day. It was found that 
61.2% of the celiac patients skipped some meals. The 
most skipped meal was lunch with the rate of 73.3%. 
The rate of fruit consumption as a snack was 66.6%. 
The proportion of using regular vitamin-mineral 
supplements among celiac patients was 24.5% 
(Table 2). 
Table 3 shows GFD and GFPs related issues 
experienced by the celiac patients. The celiac 
patients’ 61.2% reported difficulties about to access 
GFPs and 49.0% of them never consume commercial 
GFPs. The rate of those who baked the gluten-free 
bread themselves was 47.0%. Before eating out, 
67.3% of the celiac patients call the restaurant to ask 
if they have a gluten-free menu. While 95.9% of the 
celiac patients stated that GFPs were expensive, 
82.7% reported that they could not find GFPs in every 
market. The celiac patients’ 69.4% reported that they 
use a gluten-scanner application. In addition, taste, 
odor, and texture evaluations of GFPs products were 
similar for age groups and genders (Data not shown 
in the table). 

Table 3. GFD and GFPs related issues experienced by 
the celiac patients 

Items n % 
Can you easily access GFPs? 

Yes  38 38.8 
No  60 61.2 

How often do you consume 
commercial GFPs? 

  

Everyday  15 15.3 
Every other day 35 35.7 

Never  48 49.0 
How do you get GF bread?   

Purchasing from a market  36 36.7 
Cooking by self 46 47.0 

Both  16 16.3 
What do you do while eating out?   

 I only prefer the restaurants that 
have GF menus to eat out. 

66 67.3 

I go randomly. 20 20.4 
I never eat out. 12 12.3 

What do you think about the prices 
of commercial GFPs? 

  

Normal  4 4.1 
Expensive 94 95.9 

Do you easily access to 
commercial GFPs in every market? 

  

Yes 17 17.3 
No  81 82.7 

Do you use gluten-scanner 
applications? 

  

Yes 68 69.4 
No 30 30.6 

Total 98 100.0 
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Comparison of celiac patients' adherence to GFD Table 4. Comparison of celiac patients' adherence to GFD according to some characteristics. 

Items 

Adherence to GFD 

p Excellent 
(n=52) 

Poor 
(n=48) 

Total 
(n=98) 

n % n % n % 
Gender     

Male  10 47.6 11 52.4 21 21.4 0.573 
 Female  42 54.5 35 45.5  77 78.6 

Age groups (years)    
<35 21 46.7 24 53.3 45 45.9 0.334* 

 ≥35 31 58.5 22 41.5 53 54.1 
BMI (kg/m2)   

<24.9 29 46.8 33 53.2 62 63.3 0.154*  
≥25.0 23 63.9 13 36.1 36 36.7 

Working status        
Working 17 68.0 8 32.0 25 25.5 0.133*  

Not working 35 47.9 38 52.1 73 74.5 
Education status   

Less than high school 16 51.6 15 48.4 31 31.6 1.000*  
High school and upper than high school 36 53.7 31 46.3 67 68.4 

Marital status         
Not married 13 48.1 14 51.9 27 27.6 0.708*  

Married  39 54.9 32 45.1 71 72.4 
Number of family members  

<4 18 81.8 4 18.2 22 22.4 0.005*  
≥4 34 44.7 42 55.3 76 77.6 

Economic status   
Bad   7 53.8a 6 46.2a 13 13.3 0.003 

 Moderate 7 25.9a 20 74.1b 27 27.5 
Good 38 65.5a 20 34.5a 58 59.2 

Diagnosed years   
<10 33 86.8 5 13.2 38 38.8 <0.001 

 ≥10 19 31.7 41 68.3 60 61.2 
Presence of concomitant disease  

Yes 27 51.9 25 48.1 52 53.1 0.970*  
No 25 54.3 21 45.7 46 46.9 

Family members diagnosed with CD   
Yes  10 55.6 8 44.4 18 18.4 1.000* 
No  42 52.5 38 47.5 80 81.6 

Self-reported health status  
Good 39 68.4 18 31.6 57 58.2 <0.001* 

Not good  13 31.7 28 68.3 41 41.8 
Regular use of vitamin-mineral supplements   

Yes  11 45.8 13 54.2 24 24.5 0.561*  
No  41 55.4 33 44.6 74 75.5 

Can you easily access GFPs?  
Yes  27 69.2 12 30.8 39 39.7 0.016* 
No  25 42.4 34 57.6 59 60.3 

How often do you consume commercial GFPs?   
Everyday  9 60.0 6 40.0 15 15.3 0.191 

 Every other day 22 62.9 13 37.1 35 35.7 
Never  21 43.8 27 56.3 48 49.0 

How do you get GF bread?  
Purchasing from a market 17 47.2 19 52.8 36 36.7 0.566 

 Cooking by self 27 58.7 19 41.3 46 46.9 
Both 8 50.0 8 50.0 16 16.4 
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Comparison of celiac patients' adherence to GFD 
according to some characteristics is presented in 
Table 4. The rates of adherence to GFD in males and 
females were similar (“excellent” adherence to GFD 
47.6% in males and 54.5% in females, “poor” 
adherence to GFD 52.4% in males and 45.5% in 
females, respectively). There was no significant 
relationship between age groups, BMI, working, 
education and marital status and adherence to GFD. 
Likewise, there was no significant relationship 
between diagnosed years, presence of concomitant 
disease, family members diagnosed with CD, regular 
use of vitamin-mineral supplements, how to get 
gluten-free bread. The rate of “excellent” adherence 
to GFD was significantly higher among the celiac 
patients could easily access GFPs (p<0.05). The rate 
of “excellent” adherence to GFD was significantly 
higher in celiac patients who have <4 persons in their 
family (p<0.05). "Poor" adherence to GFD was found 
to be significantly higher in those with moderate 
economic status (p=0.003). Furthermore, the rate of 
“excellent” adherence to GFD in celiac patients who 
reported “good health status” was found to be 
significantly higher than those with in celiac patients 
who reported “not good health status” (p<0.001). The 
rate of “poor” adherence to GFD was significantly 
higher in celiac patients with who were eating out 
randomly (p<0.001). Significantly lower “excellent” 
adherence to GFD was found in those who did not 
use a gluten-free scanner (p=0.001) (Table 4).  
Multiple logistic regression analysis of the factors 
affecting “excellent” adherence to GFD in the celiac 
patients was showed in Table 5. The celiac patients’ 
69.4% reported that they used a gluten-scanner 
application. The rate of “excellent” adherence to GFD 
of the celiac patients who had ≥4 family members 
were significantly lower (OR: 0.112 CI: 0.15-0.832, 
p=0.017). The celiac patients with ≥10 diagnosis 
years had significantly lower adherence to GFD (OR: 
0.053 CI: 0.010-0.292, p=0.001). Although adherence 

to the GFD was higher in those who never ate out 
(OR: 12.430 CI: 0.995-155.294, p=0.003), the result 
was not considered significant because the 
confidence interval included 1.00. Gluten-scanner 
applications non-users had 0.163-fold lower 
“excellent” adherence to GFD (OR: 0.163 CI: 0.034-
0.779, p=0.016). 
 
DISCUSSION 
WHO defines adherence to a treatment as "the extent 
to which an individual's behavior, such as taking 
medication, following a diet, and/or making lifestyle 
changes, corresponds to the agreed-upon 
recommendations of a healthcare provider" (16). The 
previous studies on CD have reported there are too 
many factors affecting adherence to a GFD like socio-
demographic characteristics, diagnosis age, practical 
barriers associated with GFD, and membership in a 
CD-related association (17, 18). Most of the studies 
on CD were predominantly focused to determine 
clinical perspective of the disease (19, 20), 
prevalence (21, 22), and quality of the life (23, 24) in 
celiac patients. To best of our knowledge, there are 
limited studies evaluating the impact of GFD on 
patients' social lives, some in children and 
adolescents, and some in adults (25, 26). Therefore, 
assessing the effects of GFD adherence on social life 
in a small group of people who were active 
memberships in a celiac-related association was 
worth investigating.  
In the literature review, the adherence rates to GFD 
vary between 34%-95% (27). In this study, similar to 
the literature, 53.1% of celiac patients reported that 
their adherence to GFD was “excellent”. Among the 
possible reasons for this variability, using different 
methods and the different characteristics of the study 
population (such as different diagnosis times, 
membership in a CD-related association, and several 
cultural factors, etc.). Therefore, population-specific 

Table 4. Continue 
What do you do while eating out?  

I randomly eat out. 6 18.8 26 81.3 32 32.7 <0.001 
 I only prefer the restaurants that have 

GF menus to eat out. 
40 71.4 16 28.6 56 57.1 

I never eat out. 6 60.0 4 40.0 10 10.2  
Do you use gluten-scanner applications?  

Yes 44 64.7 24 35.3 68 69.4 0.001*  
No 8 26.7 22 73.3 30 30.6 

a, b: Different letter indicates statistically significant difference. 
Yates correction was made for p values with "*". 
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data is highly necessary. Also, the comparability 
between studies is also very limited. 
Some recent studies indicated there were several 
difficulties to adherence a GFD which could affect 
BMI of celiac patients (18, 28). Some population-
based studies showed that celiac patients unable to 
adapt to a GFD have malnutrition. On the other hand, 
some studies reported the rates of being obese 
among celiac patients’ changes between 7.0-12.0% 
(29-31). A large cohort study conducted by Cheng et 
al. (29) reported 60.0% of the patients with CD had 
normal BMI, whereas 17.3% were underweight and 
15.2% were overweight, and 6.8% obese. However, 
Drosdak et al. (32) reported the obesity prevalence in 
celiac patients as 45%, which is quite far from the 
other results. In this study, the rates of “underweight”, 
“normal”, “overweight” and “obese” of celiac patients 
were 11.2%, 52.1%, 24.5% and 12.2%, respectively, 
which supported the findings of Cheng et al. (29). 
Involving family members in the management of CD 
is very important. The presence of a celiac patient at 
home who must follow a GFD will certainly affect 
whole eating practices at home. For the celiac 
patients to “excellent” adherence to a GFD, it is 
important that the prepared food does not contain and 
contaminated with gluten. Therefore, the support of 
family members becomes very important in the 
management of CD (33). We found “excellent” 
adherence to GFD of the celiac patients who had ≥4 
family members were significantly lower (OR: 0.112 
(0.15-0.832), p<0.05). van Overbeek et al. (13) 
reported that failure of family members without CD to 
adopt GFD would affect home-cooked meals, which 
in turn would affect the celiac patient's adherence to 
GFD. Our results showed that having fewer family 
members may be effective in supporting the dietary 
adherence of the celiac patient.  
The prevalence of CD in first-degree relatives of 
celiac patients has been reported to be approximately 
10.0% (33). The prevalence of CD in first-degree 
relatives of patients with celiac disease who 
participated in this study was found to be 19.0%. As 
the reason why this rate was higher than the rate 
stated in previous study; it was thought that the celiac 
patients in this study had more awareness because 
they are registered to an association working on CD.  
The data about the relationship between economic 
status and CD are conflicting. Economic status may 
affect celiac diagnosis (34) and the celiac patient's 
adherence to GFD, purchasing power of GFPs, and 
quality of life (2, 3, 25, 26). In this study there was no 

significant relationship between the economic status 
of celiac patients’ adherence to GFD. In a study 
conducted by Villafuerte-Gallez et al. (27) examining 
both quantitative and qualitative measures 
adherence to GFD, reported that median household 
income was not associated adherence to GFD. A 
multidimensional examination of the effect of 
economic dimension on adherence to GFD in celiac 
patients may be a research area for future studies.  
The relationship between adherence to GFD and age 
at diagnosis has been reported in CD (12). In this 
study, instead of establishing the relationship 
between the age at diagnosis and adherence to GFD, 
when the effect of years after diagnosis on adherence 
to GFD was evaluated. It was shown that celiac 
patients with ≥10 diagnosis years had significantly 
lower adherence to GFD. Especially in newly 
diagnosed celiac patients, it is possible to experience 
tighter adherence to GFD due to the more frequent 
appointments with the dietitian or practitioner.  
Difficulties accessing GFPs or risk of cross-
contamination with gluten makes it challenging for 
celiac patients to eat out (35). A previous study 
highlighted the lack of gluten-free menu options when 
eating out as a cause of “poor” adherence to GFD 
(27). To social support of celiac patients, who are a 
disadvantaged group in participating in social 
activities such as eating out, local governments' 
efforts to create and increase gluten-free menu 
options in restaurants will be an approach that will be 
appreciated for celiac patients of all age groups. 
Best of our knowledge, there are limited studies 
investigating the relationship between mobile GFD 
application use and dietary adherence to GFD (36, 
37). Notably, there is a need for future intervention 
studies that examine in detail the use of mobile 
application and wearable technologies in the 
management of celiac and even other chronic 
diseases. In fact, intervention studies can be 
designed with the use of mobile applications and 
wearable technologies, especially to increase 
adherence to GFD. It is to demonstrate that active 
memberships in a celiac-related association who 
must follow a strict diet constantly increase their 
adherence to their diet with the use of the application. 
 
Limitations 
There are some limitations in this study. The first of 
these is the adherence to GFD was obtained only 
through self-assessment of CD patients and the 
study included local results. Supporting the 
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adherence to GFD not only with the expressions of 
celiac patients or any measurement tool, but also 
with serological tests will reveal more information. 
Symptom frequency, food consumption record or 
food consumption frequency were not questioned. 
Questioning of symptom frequency may be an 
important factor revealing the dietary adherence of 
celiac patients. Future studies can be planned by 
considering these limitations. However, this study 
also has an important strength. To the best of our 
knowledge, this is the first study to emphasize the 
relationship between mobile GFD application use 
and dietary adherence to GFD in Turkey.  
 
CONCLUSION 
This study showed that adherence to GFD in celiac 
patients increased with family support, new diagnosis 
of celiac disease, lack of eating out habits and mobile 
application use. Based on these results, in order to 
increase adherence to GFD, nutrition education 
should be given to family members, gluten-free meals 
should be included in restaurant menus by local 
municipalities. The widespread use of gluten-free 
mobile applications may facilitate the management of 
medical nutrition therapy. 
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INTRODUCTION 
SCOT deficiency (OMIM#245050) is an autosomal 
recessive inborn error of ketone metabolism, caused 
by mutations in the OXCT1 gene on chromosome 
5p13. There are less than 50 patients reported to date 
(1). Ketone bodies are produced in the liver by fatty 
acid oxidation or by catabolism of small amounts of 
ketogenic amino acids (2). When there is a shortage 
of glucose as an energy source, tissues, and the brain 
in particular, utilize ketone bodies(KB) to supply 

energy. Succinyl-CoA:3-oxoacid CoA transferase 
(SCOT;EC 2.8.3.5), the deficient enzyme in SCOT 
deficiency, is involved in the first step of ketone body 
utilization and catalyzes reversible transfer of CoA 
from succinyl-CoA to acetoacetate (3). In cases of an 
increased need for energy such as starvation, 
infection, and surgery, glucose is insufficient to 
provide energy and needs ketone support. In the 
patients with SCOT-deficient; KBs cannot be utilized 
and accumulates in the body.  

ABSTRACT 
Introduction: Succinyl-CoA:3-oxoacid CoA transferase (SCOT, EC 2.8.3.5) deficiency is a rare autosomal 
recessive inborn error of metabolism (IEM). We report here an infant admitted to intensive care unit with 
the diagnosis of sepsis. 
Case Presentation: A five-month-old female patient was admitted to the intensive care unit with lethargy 
and respiratory distress. She had severe high anion gap metabolic acidosis. The IEM was screened by 
plasma amino acid analysis, showing no abnormalities, and by acylcarnitine analysis, showing low-normal 
levels of free carnitine. Urine organic acid analysis revealed massive ketonuria and elevated levels of 
dicarboxylic acids. Fatty acid oxidation disorder-targeted gene panel revealed a homozygous splice site 
variant (c.78+1_78+6 del) in the OXCT1 gene. 
Discussion and Conclusion: SCOT deficiency should be considered when massive ketosis is detected 
in increased anion gap metabolic acidosis with sepsis-like manifestation. Supportive therapy should be 
initiated quickly to prevent irreversible neurological damage. 
 
Keywords: Metabolic acidosis, SCOT deficiency, anion gap 
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Inborn errors of metabolism (IEM) can present with 
non-specific symptoms such as vomiting, poor 
feeding, and lethargy. Clinicians first consider sepsis 
due to these findings and initiate the treatment. 
Presentation with neurological deterioration such as 
sudden coma, and lethargy following an uneventful 
history is a characteristic of IEM (4). This paper will 
present an infant with SCOT deficiency that and was 
diagnosed upon the clue of increased anion gap 
metabolic acidosis revealed by laboratory 
examinations. 
 
CASE REPORT 
A five-months-old female patient was admitted to the 
intensive care unit with lethargy and respiratory 
distress. The patient was born uneventfully at 
gestational age of 40 weeks and with birth weight of 
2010g. Her parents were consanguineous. Her 
developmental skills were appropriate to age. She 
started receiving complementary foods one week 
before the admission and the mealtime started to get 
longer. On evaluation, body temperature was 36.7°C, 
blood pressure was 94/52 mmHg, heart rate was 
164/min, respiratory rate was 80/min, and Glasgow 
coma score was 7 (E2V2M3). She had hypotonia, 
tachycardia, and decreased response to pain. 
Laboratory analyses revealed metabolic acidosis 
(pH: 7.10; pCO2: 15 mmHg; HCO3: 4.6 mmol/L; base 
excess: 23.1) with normoglycemia (6.3 mmol/L) and 
anion gap of 25.4 mmol/L (Na: 143 mmol/L; Cl: 
113 mmol/L). Blood lactate (0.065 mmol/L) and 
ammonia (69 μmol/L) were within the normal range.  
Urine ketones were highly positive (++++). There 
were no laboratory findings suggestive of infection.  

We initiated treatment with intravenous fluids 
containing high dextrose, sodium bicarbonate and 
vitamin cocktail due to the suspected IEM. Parental 
administration of sodium bicarbonate resulted in 
resolution of acidosis over 12 hours. To screen the 
IEM, we investigated acylcarnitine, plasma amino 
acids, and urine organic acids. The plasma amino 
acid analysis showed no abnormalities, while 
acylcarnitine showed low- normal levels of free 
carnitine. Urine organic acid analysis revealed 
massive ketonuria and elevated levels of dicarboxylic 
acids, (Table 1), and thus SCOT deficiency was 
diagnosed.  
The infant was discharged at day 10 of admission 
under carnitine therapy and advised to avoid 
prolonged fasting. Fatty acid oxidation disorder-
targeted gene panel (Illumina, MiniSeq®,USA) 
revealed a homozygous splice site variant 
(c.78+1_78+6 del) in the OXCT1 
(ENST00000196371) gene. The parents were 
identified as carriers for the same mutation by Sanger 
Sequencing (Table-1). The patient is currently one 
year old, growing well, and no further metabolic 
decompensation has occurred. 
 
DISCUSSION 
SCOT deficiency is a rare disease; patients are 
completely normal in the non-metabolic crisis period 
(1). In IEMs presenting with metabolic crises with high 
morbidity, early diagnosis and rapid intervention can 
prevent irreversible damage (5). Due to their rarity, 
these diseases are not considered. Capturing the 
clues of IEM with a comprehensive assessment 
enables clinicians to reach a diagnosis. 
Consanguinity is the first clue in the history for IEM 

Table 1. The acylcarnitines profile and urine organic acid analysis for the patient with SCOT deficiency. 
 
 Unit Value Reference range 
DBS carnitine     
 Free carnitine  (μmol/L) 11.9 8–60 
  C3-DC/C4-OH (μmol/L) 0.55 < 3.03 
  Total carnitine  (μmol/L) 28.33  
  C2 (μmol/L) 11.01 5–80 
  C3+C16 (μmol/L) 1.62 > 2.0 
  PHE/C3+C16 (μmol/L) 19.75 < 20 
Urine organic acid     
   Acetoacetic acid  (mmol/mol Crn) 63.4 < 19 
   Adipic acid (mmol/mol Crn) 1796 < 22 
   2-methylacetoacetic acid (mmol/mol Crn) - < 24 
   3-Hydroxyisovaleric acid (mmol/mol Crn) 778.4 < 24 
   3-hydroxybutyrate (mmol/mol Crn) 9288 < 63 
   3-hydroxy-2-methylbutyric acid (mmol/mol Crn) - < 10 
   Suberic acid (mmol/mol Crn) 51.1 < 10 
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(6). Disorders with a reduced fasting tolerance 
including fatty acid oxidation and ketogenesis 
typically present during periods of reduced food 
intake and/or increased energy need such as 
prolonged fasting or metabolic stress (7). The onset 
of patient’s complaints after receiving complementary 
foods, especially the reduced number of meals, was 
another clue in the history.  
Generally, the amount of unmeasured anion 
increases in circulation due to reasons such as 
diabetic ketoacidosis, uremia, and salicylate 
intoxication. When increased anion gap metabolic 
acidosis is detected, basic tests such as glucose, 
electrolytes, liver function tests, lactate, ammonia and 
ketones are used secondarily to reduce the disorders 
in the differential diagnosis (5). On clinical picture of 
anion gap metabolic acidosis with neurological 
deterioration; organic acidemias such as isovaleric 
acidemia, methylmalonic acidemia, propionic 
acidemia, or pyruvate metabolism disorders are 
considered (4). The findings of hyperammonemia in 
patients with organic acidemia is helpful in differential 
diagnosis (8). Anion gap metabolic acidosis can also 
be detected in pyruvate metabolism disorders, but it 
can be differentiated from inborn errors of ketone 
metabolism by the normal lactate level. Another clue 
in the present patient was that a mild symptom such 
as loss of appetite could turn into a severe clinical 
picture such as coma during day, which could 
improve within hours with only hydration therapy. 
SCOT-deficient patients usually respond to hydration 
therapy (9) and rarely need dialysis (10). When 
metabolic screening is examined, low carnitine may 
cause false negative results in acylcarnitine analysis 
due to insufficient saturation of acylcarnitine. The 
second important issue is that if the patient has high 
level of excretion (due to kidney function, or 
overhydration or drug use), the diagnostic value of the 
ACCRN profile would be low (11,12). The patient was 
diagnosed with SCOT deficiency by the massive 
ketonuria and elevated levels of dicarboxylic acids in  
the sample collected in the non-fasting period, 
detected in the urine organic acid profile. Since 3-
hydroxy-2-methylbutyric acid and 2-
methylacetoacetic acid were not detected in urine 
organic acid analysis, 2-Methylacetoacetyl CoA 
thiolase deficiency, a member of the ketone body 
utilization disorders, was not considered in this 
patient (2). 
Mutations in the OXCT1 gene have been reported in 
38 patients to date (1). The splice site mutation 

identified in our patient (c.78+1_78+6 del) was 
previously reported in a 16-month-old female patient 
of Turkish origin. Similarly, the SCOT activity in the 
fibroblasts was measured 15% less in the patient who 
presented with ketoacidosis attack (13). In the 
present case, functional enzyme analysis could not 
be performed in our laboratory due to reasons such 
as financial burden. However, the clinical, 
biochemical and molecular findings support SCOT 
deficiency.  
In conclusion, SCOT deficiency should be considered 
in patients with increased anion gap metabolic 
acidosis. Supportive therapy should be initiated 
quickly to prevent irreversible neurological damage. 
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INTRODUCTION 
Restless legs syndrome (RLS) is a sensory-motor 
disorder that consists of an irresistible urge to move 
the legs in the evening and at night, predominantly at 
rest (1). Symptoms of RLS are common in the general 
adult population. The prevalence increases with age 
and is higher in women. Individuals with RLS 
experience sleep disturbances, including difficulty in 
falling asleep, increased awakenings with RLS 

symptoms, and reduced the total sleep time. These  
conditions can negatively affect the well-being and 
quality of life of individuals with RLS (2). 
The current management of RLS is primarily 
pharmacological treatment (3). Recent systematic 
reviews have synthesised studies that investigated 
the effectiveness of non-pharmacological 
interventions, such as yoga, exercise, and massage 
techniques in coping with RLS symptoms (4,5). It has 

ABSTRACT 
Purpose: Exercise has been demonstrated to alleviate symptoms of restless legs syndrome (RLS) in 
individuals with RLS, but there are few studies on physical health in primary RLS. This case series aims 
to describe the outcome of supervised aerobic exercise training in individuals with RLS. 
Case Report: Five individuals with RLS were given supervised aerobic exercise training 2 days a week 
for 12 weeks. The International Restless Legs Syndrome Study Group Rating Scale (IRLS) was used to 
detect the severity of RLS. The Turkish version of the Pittsburgh Sleep Quality Index (PSQI) was used to 
measure sleep quality. The functional effect of fatigue was assessed using the Fatigue Impact Scale (FIS). 
The Six-Minute Walk test (6MWT) was used to determine the functional exercise capacity. All assessments 
were taken at baseline and post-intervention. 
Conclusion: Following aerobic exercise, clinically meaningful changes in RLS severity, PSQI, and 6MWT 
were reported in all individuals with severe RLS. Four out of 5 patients improved their FIS at post-
intervention. These results suggest that 24-session supervised aerobic exercise training might help to 
improve RLS severity, sleep quality, fatigue, and exercise capacity in an individual with RLS. 
 
Keywords: aerobic exercise, restless legs syndrome, sleep, fatigue, six-minute walk test. 
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not yet been established whether exercise could 
improve in RLS symptoms of individuals with RLS. 
Therefore, the aim of this case series was to describe 
the outcome of supervised aerobic exercise training 
in individuals with RLS.  
 
CASE REPORT 
Five individuals (3 females, 2 males) with a diagnosis 
of idiopathic RLS were referred by their neurologist to 
the Department of Neurology at the Dokuz Eylul 
University between October 2019 and December 
2022. Baseline demographic characteristics of the 
participants are shown in Table 1.  The body weight 
of the subjects was measured by weighing (Xiaomi Mi 
Body Composition Scale), while height was 
measured using a tape measure. Body mass index 
was calculated as body weight in kilograms divided 
by height in meters squared. The mean and standard 
deviation of age was 56.6 ± 12.5 years. Individuals 
were excluded if they had any of the following: RLS 
secondary to any other disease (including 
Parkinson’s disease, multiple sclerosis, etc.), iron 
deficiency (a ferritin of less than 50 ng/mL), regular 
participation in an exercise program in the past year. 
The study was carried out with the approval of Dokuz 
Eylul University, Non-interventional Research Ethics 
Committee on 13.02.2019 (Decision No: 2019/03-24) 
and 03.04.2019 (Decision No: 2019/08-32) (Protocol 
number: 4548-GOA). All individuals provided written 
informed consent to participate in the study. All study 
procedures were conducted in accordance with the 
Declaration of Helsinki. 
 
Aerobic exercise  
Participants received a 24-session intervention 
program, scheduled twice a week, over a period of 12 
weeks. The sessions were supervised by a qualified 
physiotherapist (B.N.A. or S.B. or B.N.A). Aerobic 
exercise training was performed cycling on a 
stationary bike  

according to the guidelines of the American College 
of Sports Medicine. Each session consisted of a 
warm-up (10-min), an aerobic activity and a cool-
down period (5-min).  The warm-up and cool-down 
periods were performed at an unloaded pedaling on 
a stationary bike. Participants were instructed to cycle 
at 40 to 60% of heart rate reserve during aerobic 
activity period. The targeted heart rate was calculated 
using the following formula: “[(220–age–HRrest)×% 
intensity desired]+HRrest” (6). During the first 3 
weeks of the participants were instructed to perform 
15 min of stationary bicycle training at an intensity of 
40-50% of their targeted heart rate. In the sixth week, 
the intensity of the exercise was increased to 50-60% 
of the targeted heart rate. The duration of the exercise 
was gradually increased by 5 minutes each week for 
3 weeks. The intensity of the exercise was monitored 
during each session with a pulse oximeter probe. 
 
Clinical outcome assessments  
The International Restless Legs Syndrome Study 
Group Rating Scale (IRLS) was used to measure the 
severity of RLS in individuals with RLS. Consisting of 
10 questions, the IRLS is scored between 0 
(none/never) and 4 (very severe/often). The total 
point score ranges from 0-40. Participants have been 
divided into mild [0-10], moderate [11-20], severe [21-
30] and very severe [31-40] (7). It has been validated 
in individuals with RLS in the Turkish population (8). 
Sleep quality was measured with the Turkish version 
of the Pittsburgh Sleep Quality Index (PSQI). It 
comprises 19 items classified into seven 
components. Each component is scored from 0 to 3. 
A total PSQI score was generated by summing up the  
scores of the seven components ranging from 0-21, 
with higher scores indicating worse sleep quality. It is 
a valid and reliable questionnaire in the Turkish 
population (9).  The Fatigue Impact Scale (FIS) was 
used to assess the functional effect of fatigue.  
Participants respond to the level of fatigue in 40 items  

Table 1. Participant demographics and baseline characteristics  
  

Participants  
1 

 
2 

 
3 

 
4 

 
5  

Sex  Female 
 

Female 
 

Male 
 

Male 
 

Female  
Age (year) 65 

 
42 

 
68 

 
64 

 
44  

Body weight (kg) 76.0 
 

72.0 
 

76.0 
 

72.0 
 

59.0  
Height (m) 1.57 

 
1.73 

 
1.68 

 
1.69 

 
1.70  

BMI (kg/m2) 30.8 
 

24.1 
 

27.0 
 

25.2 
 

20.4  
Duration of symptoms (year) 8 

 
3 

 
19 

 
10 

 
10  

Abbreviations: BMI, body mass index  
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on a 5-point scale (0=no problem, 4=extreme 
problem). The Turkish version of the FIS was 
translated by Armutlu et al. (10). 
The Six-Minute Walk test (6MWT) was used to detect 
functional exercise capacity according to the 
American Thoracic Society guidelines. Participants 
were asked to walk as quickly as possible on a 15-
meter corridor for 6 minutes.  
All clinical outcomes were evaluated prior to baseline 
and post-intervention. All participants were allowed to 
continue taking their usual medication. 
 
Data analysis 
Data were analysed through descriptive statistics 
using IBM Statistic (version 24.0). Outcome 
measures were IRLS, PSQI, FIS, and 6MWT scores. 
The mean difference between baseline and post-
intervention was calculated as follows: “the post-
intervention score – baseline score”.   
 
Results 
Following aerobic exercise, the severity of RLS 
decreased, and sleep quality (PSQI) and exercise 
capacity (6MWT) improved in all participants. Four 
out of 5 patients improved their functional effect of 
fatigue (FIS) at post-intervention (Table 2). The 
adherence rate for exercise sessions was more than 
90% of sessions. No side effects or adverse 
eventswere reported by any of the participants.  
 
DISCUSSION 
Our study described the outcome of 5 individuals with 
severe RLS who attended supervised aerobic 
exercise training. In the current case series, we found 
that 24-session aerobic exercise training utilized for 
the treatment of RLS relieved RLS severity, improved 

sleep quality, exercise capacity. The improvement in 
fatigue was achieved in all participants, except for 
subject 3. Supervised aerobic exercise training did 
not increase the risk of side effects or adverse events. 
Metabolic factors (hypoxia and muscle fatigue), which 
contribute to the possible mechanism of RLS may 
lead to altered central and peripheral excitability and 
affect peripheral nerve function in individuals with 
RLS (11). Impaired oxygen transport plays a role in 
the pathogenesis of RLS through microvascular 
abnormalities (12) and autonomic alterations (13). 
Anemia has been linked to the appearance of RLS 
symptoms (14). Exercise is known to provide an 
increase in cardiac output (15). Increased blood flow 
reduces RLS symptoms by decreasing peripheral 
hypoxia, which is closely related to RLS severity in 
individuals with RLS (16). Aerobic exercise has also 
shown to increase mitochondrial function and 
endorphin production and reduce inflammatory 
response (17). The first randomized controlled trial 
published by Aukerman et al. (18) reported that 
aerobic and lower body resistance exercises can be 
used to cope with RLS symptoms. They found that 
RLS symptoms improved over 6 weeks and were 
maintained throughout the 12-week intervention 
period. In a study where trauma release exercise 
(TRE) was applied for 6 weeks, RLS severity tended 
to decrease in both TRE and control groups although 
the difference was not statistically significant (19). 
They also found an improvement in sleep quality. We 
found that aerobic exercise training decreased the 
severity of RLS and improved sleep quality after the 
intervention. Healthcare professionals should 
emphasize the importance of exercise in the 
management of RLS and its potential adverse effects. 

Table 2. RLS severity, sleep quality, fatigue, and exercise capacity outcomes at baseline and post-intervention. 
 

RLS severity 
(0-40) 

 
PSQI 
(0-21) 

 
FIS 

(0-160) 

 
6MWT 
(meter)  

B Post 
 

B Post 
 

B Post 
 

B Post 

1 27.0 22.0 
 

6.0 4.0 
 

58.0 5.0 
 

400.0 474.0 
2 28.0 21.0 

 
11.0 8.0 

 
94.0 19.0 

 
514.8 606.0 

3 21.0 22.0 
 

11.0 9.0 
 

23.0 41.0 
 

460.0 576.0 
4 24.0 13.0 

 
16.0 15.0 

 
41.0 13.0 

 
462.0 561.0 

5 21.0 11.0 
 

13.0 2.0 
 

16.0 11.0 
 

510.0 555.0 
Mean 
±SD 

23.3±3.6 19.0±5.6 
 

9.7±5.4 6.8±4.9 
 

44.7±25.3 20.7±14.3 
 

481.8±51.6 557.0±44.4 

MD* -4.3 
 

-2.9 
 

-24.0 
 

75.2 
Abbreviations: B, baseline; Post, post-intervention; RLS, restless legs syndrome; PSQI, Pittsburgh Sleep Quality Index; FIS, 
Fatigue Impact Scale; 6MWT, Six-Minute Walk test; SD, standard deviation; MD, mean difference. 
*The change scores from baseline to post-intervention 
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To the best of our knowledge, our case series is the 
first to report the effect of aerobic exercise training on 
exercise capacity and fatigue in individuals with RLS. 
It is well known that individuals with RLS most 
commonly complain of sleep disturbances (2). In 
addition, the importance of sleep for physical 
performance has been recognised (20). Zhan et 
al.,2022 reported a relationship between abnormal 
sleep duration and poor physical performance in 
hemodialysis patients (21). A randomized controlled 
systematic review by Song et al. found that exercise 
can reduce fatigue (22). Our case series supported 
that the physical performance and fatigue findings of 
the participants could be improved by supervised 
aerobic exercise training. Additionally, only one in five 
patients (subject 3) experienced an increase in the 
functional effect of fatigue after the intervention. 
Based on the subject 3 and 4, these participants were 
male and similar in their body weight and duration of 
RLS symptoms.  This may be due to the severity of 
RLS (21 vs. 22) after the intervention in subject 3, as 
well as psychological factors. Further research may 
be needed to investigate the long-term effectiveness 
of exercise training and the psychological factors 
involved.  
This case series has strengths and limitations. The 
most important strength is that the participants in our 
sample had severe RLS and all participants had a 
ferritin of more than 50 ng/mL. The lack of a control 
group and follow-up are the other limitations. We 
were also unable to describe the outcome of 
individuals with mild, moderate, or very severe RLS.  
 
CONCLUSION 
Twelve weeks of supervised aerobic exercise training 
reduces the severity of RLS, and improves sleep 
quality, fatigue and exercise capacity in individuals 
with RLS. We suggest that further randomized 
controlled trials be conducted to further validate our 
clinical findings. 
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