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ABSTRACT

Objective: This study aims to determine the clinical leadership levels of nurse managers and related factors

Methods: This descriptive study was conducted on 109 nurse managers working at six hospitals – including four public hospitals, one private 
hospital, and one university hospital. The data was collected using Clinical Leadership Scale (CLS) including their personal and demographic 
information, as well as their clinical leadership traits.

Results: The participants had a total mean score of 2.72±0.19 on clinical leadership scale. The mean scores of the improving services subscale 
were higher in female nurse managers than those of male counterparts. Participants who formally studied on management earned higher 
mean scores for the overall CLS and its setting direction subscale than those who did not. Likewise, the participants who formally studied 
on leadership earned higher mean scores for the overall CLS and its personal qualities subscale than those who did not. These findings were 
statistically significant (p<0.05).

Conclusion: Nurse managers, especially those who formally studied on management and leadership, had high levels of clinical leadership.
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Evaluating the Clinical Leadership Levels of Nurse Managers

1. INTRODUCTION

Clinical leadership means that a person is accessible, has 
clinical skills, is supportive, a role model, and visible in their 
practice, provides guidance and assistance, inspires others, is 
an effective communicator, and exhibits proper conduct (1). 
Clinical leadership also determines the practitioner, partner, 
and leadership roles of clinicians, (2) and affects patient care 
and practice standards (3) by supporting patient-centred 
communication, continuity of care and interdisciplinary 
cooperation (4). Clinical leadership enhances quality of 
care, security culture, and patient satisfaction and reduces 
costs (5). As cited by Brown, Crookes & Dewing (6), Millward 
and Bryan (7) define clinical leadership within the scope of 
nursing as “managing both oneself and others by combining 
leadership and management skills to make a real difference 
in care and also leading both oneself and others.” Effective 
clinical leadership is key to creating healthy, functional, and 
supportive working environments for nurses (8). Similarly, it 
is a new role for patient-centered care. For nurse managers, 
it refers to the efforts made by a nurse – who gains expertise 

through undergraduate and/or graduate education, and has 
the knowledge and skills to carry out patient care, change 
complex systems, and improve patients’ outcomes (9). In 
addition, one can address clinical leadership in the delivery 
of care as both the supportive and guiding behaviors of a 
nurse towards their patients and team (10). Therefore, it 
can be likened to a renaissance in nursing (11) because as 
a model it supports shared leadership, which also pushes 
nurses to enjoy high job satisfaction. This, in contrast to 
other leadership approaches, which place a leader and its 
followers in the center (12,13). Furthermore, it is crucial that 
a leader maintains clinical leadership behaviors. This requires 
the integration of traditional leadership and management 
skills, the formation of an infrastructure for organizational 
objectives, and the allocation of organizational resources 
among clinical leaders as well as support by nurse managers 
(14,15).

Among the studies conducted on this concept bringing a new 
perspective to leadership, Brown et al., (6) has discovered 
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that clinical leadership ensures the development of self-
leadership and self-management skills. Ennis, Happell & 
Reid Searl (16) has stated that clinical leaders need to stay 
calm and confident during crisis/uncertainty. In the same 
study, the researchers emphasize that behaviors exhibited 
by clinical leaders during stressful/crisis situations and 
their ability to manage unpredictable/unexpected clinical 
situations positively affect the clinical practice. Chávez and 
Yoder (17), upon investigating clinical leadership in nursing 
staff has found that this nursing group was good at solving 
clinical issues for other team members even though they 
themselves lacked any formal authority. Connolly et al. 
(10) –investigating the correlation between the clinical 
leadership skills of emergency room nurses and structural 
and psychological empowerment – has revealed that nurses 
exhibit clinical leadership behaviors whilst on the job even if 
they lack psychological empowerment. Another study has put 
forth that service/clinic charge nurses use clinical leadership 
skills to maintain care (18). There are only a limited number of 
studies that examine clinical leadership here in Turkey. These 
studies have revealed that clinical leadership perceptions of 
the nurses and physicians are high (12,19,20). Conversely, 
no Turkish study as of yet has been published about nurse 
managers who both exhibit the leadership traits, behaviors, 
and skills and primarily manage clinics. However, both 
employees and patients have high expectations from nurse 
managers and the clinical leadership makes leadership and 
managerial skills essential. Both situations require to conduct 
further studies on this topic. In addition, it is important to 
determine what factors affect the clinical leadership skills of 
nurse managers for both active audiences and institutional 
outcomes, as well.

Research Questions:

What are the clinical leadership levels of nurse managers?

What are the factors affecting the clinical leadership levels of 
nurse managers?

Do the socio-demographic characteristics of nurse managers 
affect their clinical leadership levels?

2. METHODS

2.1. Purpose and Type of the Study

The aim of this descriptive study was to determine the clinical 
leadership levels of nurse managers and related factors.

2.2. Population and Sample of the Study

The population of the study included 136 nurse managers 
working in four public hospitals, one university hospital, and 
one private hospital in a city. Attempts were made to reach 
the whole population without using the sample selection. In 
the end, 109 (80.4%) nurse managers agreed to participate 
in the study.

2.3. Data Collection Tools

All of this study’s data were collected using a Clinical 
Leadership Scale, which asked the participants about their 
personal and demographic information.

The Clinical Leadership Scale (CLS) consists of two parts. 
The first section includes questions regarding personal and 
demographic information of the participants. The second 
section focuses on their clinical leadership traits. The first 
section features 12 questions that ask the participants 
about gender, age, marital status, level of education, what 
their duty is, where they work (hospital/unit), the duration 
of working in the institution and profession, and whether or 
not they’ve received any formal education on management, 
leadership, and clinical leadership. The name of the original 
scale is “Clinical Leadership Competency Framework Self-
Assessment Tool,” which was developed by the National 
Health Services (NHS) Leadership Academy in 2012 (21). It 
was adapted into Turkish in 2016 by Budak, who shortened 
its name to “Clinical Leadership Scale.” It evaluates the clinical 
leadership traits of the participants. It features 40 questions 
and 5 subscales: personal qualities (items 1 to 8), working 
with others (items 9 to 16), managing services (items 17 to 
24), improving services (items 25 to 32), and setting direction 
(items 33 to 40). It is a 3-point Likert scale. The items are rated 
between 1 and 3 points: 1 =Almost never, 2=Sometimes, and 
3=Almost always. Scoring has a range of 2 points. This range 
is equally divided into three categories: “low” (1.00-1.66), 
“medium” (1.67-2.33), and “high” (2.34-3.00). Higher scores 
signify that clinical leadership perception increases. Budak 
calculated the Cronbach’s Alpha of CLS as 0.95. For this study, 
its Cronbach’s alpha value was found as 0.90 (22).

2.4. Data Collection

The data were collected from self-reports that the participants 
(i.e. nurse managers) filled out by hand between October 15, 
2018 and January 15, 2019.

2.5. Data Analysis

Frequency, percentage, and mean were used to analyze 
the participants’ demographic traits. Mean was used to 
identify the clinical leadership levels of the nurse managers. 
Mann Whitney U and Kruskal Wallis tests were employed to 
compare their socio-demographic traits with their CLS scores. 
The results were assessed at confidence interval of 95% and 
significance level of 5%.

2.6. Ethical Considerations

In order to conduct this study, written permission were 
obtained from the Provincial Directorate of Health (public 
hospital) on May 10, 2018, from the university hospital on 
April 12, 2018, and from the private hospital on July 26, 
2018. In addition, ethics committee approval (the number: 
24237859-566) was obtained on September 24, 2018. 
Permission to use the CLS was obtained over e-mail on 
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March 09, 2018. The participants were also asked to give 
their written/informed consent indicating that they agreed 
to participate.

3. RESULTS

It was determined that 93.6% of the participants were female; 
72.5% were between 36 and 45 years; 90.8% were married, 

and 70.6% had a Bachelor’s degree. 77.1% of the participants 
had more than 16 years of professional experience; 91.7% 
were charge nurses. 62.4% of the participants worked in the 
public hospital; 37.6% worked in internal medicine units, and 
41.3% were working in their respective institutions for more 
than 16 years. 58.7% of the participants did not receive any 
formal education on management; 71.6% did not receive any 
formal education on leadership, and 80.7% did not receive 
any formal education on clinical leadership (Table 1).

Table 1. Socio-demographic characteristics of the nurse managers (n=109)

Socio-demographic characteristics n %

Gender

Female
Male

102
7

93.6
6.4

Age

Between 26-35 years
Between 36-45 years
45 years and over

14
79
16

12.8
72.5
14.7

Marital status

Married
Single

99
10

90.8
9.2

Level of Education

High school
Associate degree
Bachelor’s degree
Graduate degree

10
9

77
13

9.2
8.3

70.6
11.9

Position

Director of healthcare services
Supervisor
Charge nurse of the service

3
6

100

2.8
5.5

91.7

Hospital

University
Public
Private

31
68
10

28.4
62.4
9.2

Unit

Internal medicine
Surgical
Emergency/Intensive care
Management

41
33
26
9

37.6
30.2
23.9
8.3

Duration of working in the Institution

0-5 years
6-10 years
11-15 years
16 years and more

8
29
27
45

7.3
26.6
24.8
41.3

Duration of working in the profession

6-10 years
11-15 years
16 years and more

11
14
84

10.1
12.8
77.1

Studying formally on management

Yes
No

45
64

41.3
58.7

Studying formally on leadership

Yes
No

31
78

28.4
71.6

Studying formally on clinical leadership

Yes
No

21
88

19.3
80.7
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Table 3. Comparison of demographic characteristics of the nurse managers with their CLS total and subscale scores (n=109)

Demographic characteristics n PQS WOS MSS ISS SDS CLS
Gender Mean 

Rank
Med. Mean 

Rank
Med. Mean 

Rank
Med. Mean 

Rank
Med. Mean 

Rank
Med. Mean 

Rank
Med.

Female 102 55.95 2.750 54.85 2.750 56.43 2.812 56.98 2.875 55.74 2.750 56.34 2.800
Male 7 41.14 2.625 57.21 2.750 34.21 2.625 26.21 2.500 44.29 2.500 35.50 2.625
MWU =
p =

260.0
0.221

341.5
0.844

211.5
0.066

155.5
0.010*

282.0
0.347

220.5
0.091

Age
Between 26-35 years 14 56.93 2.750 64.54 2.875 61.21 2.875 53.21 2.875 63.61 2.875 61.11 2.825
Between 36-45 years 79 56.34 2.750 52.47 2.750 54.29 2.750 56.89 2.875 54.04 2.750 54.86 2.750
45 years and over 16 46.72 2.748 59.13 2.750 53.06 2.812 47.22 2.750 52.22 2.562 50.34 2.725
X2

KW values =
 p values =

1.344
0.511

2.159
0.340

0.667
0.716

1.379
0.502

1.270
0.530

0.874
0.646

Marital status
Married 99 55.38 2.750 55.07 2.750 54.57 2.750 56.33 2.875 55.74 2.750 55.36 2.775
Single 10 51.25 2.687 54.35 2.812 59.30 2.937 41.80 2.750 47.65 2.625 51.40 2.812
MWU =
p =

457.5
0.688

488.5
0.944

452.0
0.645

363.0
0.153

421.5
0.434

459.0
0.705

Level of education
High school 10 59.90 2.750 65.90 2.812 69.30 2.875 51.35 2.812 62.65 2.812 62.75 2.812
Associate degree 9 44.33 2.625 46.33 2.750 50.17 2.750 45.33 2.625 38.67 2.375 41.11 2.625
Bachelor’s degree 77 53.75 2.750 54.08 2.750 52.33 2.750 56.82 2.875 56.04 2.667 54.80 2.800
Graduate degree 13 66.00 2.750 58.04 2.750 63.15 2.875 53.73 2.875 54.27 2.625 59.85 2.800
X2

KW values =
 p values =

3.080
0.379

2.159
0.540

3.822
0.281

1.329
0.722

3.167
0.367

2.655
0.448

Position
Director of healthcare services 3 60.67 2.750 79.00 2.875 95.00 3.000 90.00 3.000 74.67 2.875 88.83 2.900
Supervisor 6 46.92 2.687 49.83 2.750 46.67 2.750 57.50 2.875 50.75 2.750 49.67 2.775
Charge nurse of the service 100 55.32 2.750 54.59 2.750 54.30 2.750 53.80 2.875 54.67 2.750 54.31 2.775
X2

KW values =
 p values =

0.519
0.771

2.007
0.367

5.487
0.064

4.102
0.129

1.318
0.517

3.667
0.160

Hospital
University 31 53.61 2.750 58.39 2.750 55.23 2.750 59.29 2.875 53.48 2.750 56.16 2.750
Public 68 55.80 2.750 52.18 2.750 53.58 2.750 53.78 2.875 55.54 2.750 54.15 2.800
Private 10 53.85 2.687 63.65 2.812 63.95 2.875 50.00 2.750 56.00 2.750 57.20 2.812
X2

KW values =
 p values =

0.121
0.941

1.732
0.421

0.979
0.613

0.981
0.612

0.104
0.949

0.140
0.932

Unit
Internal medicine 41 53.72 2.750 52.60 2.750 52.06 2.750 50.99 2.750 53.04 2.750 50.74 2.775
Surgical 33 55.97 2.750 56.35 2.750 54.23 2.750 55.59 2.875 49.65 2.625 54.12 2.750
Emergency/Intensive care 26 57.00 2.750 55.50 2.750 57.92 2.875 55.96 2.875 63.60 2.812 60.15 2.812
Management 9 51.50 2.750 59.56 2.875 62.78 2.875 68.33 3.000 58.72 2.750 62.72 2.850
X2

KW values =
 p values =

0.326
0.955

0.516
0.915

1.188
0.756

2.442
0.486

3.241
0.356

2.003
0.572

Duration of working in the Institution
0-5 years 8 60.94 2.750 54.63 2.750 52.88 2.812 48.88 2.812 58.44 2.750 55.75 2.762
6-10 years 29 56.76 2.750 55.48 2.750 62.16 2.875 55.43 2.875 57.71 2.750 59.19 2.800
11-15 years 27 51.78 2.750 52.46 2.750 51.72 2.750 55.70 2.875 52.37 2.750 51.37 2.750
16 years and more 45 54.74 2.750 56.28 2.750 52.73 2.750 55.39 2.875 54.22 2.750 54.34 2.725
X2

KW values =
 p values =

0.682
0.877

0.269
0.966

2.128
0.546

0.346
0.951

0.536
0.911

0.892
0.827

Duration of working in the profession
6-10 years 11 60.50 2.750 71.05 2.875 62.23 2.875 52.36 2.875 65.82 2.875 64.32 2.825
11-15 years 14 42.82 2.625 42.11 2.750 54.46 2.812 55.96 2.875 52.21 2.750 49.64 2.775
16 years and more 84 56.31 2.750 55.05 2.750 54.14 2.750 55.18 2.875 54.05 2.687 54.67 2.762
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The participants earned total mean score of 2.72±0.19 in 
the CLS. Their mean score was 2.70±0.19 for the “personal 
qualities” subscale, 2.74±0.19 for the “working with others” 
subscale, 2.75±0.23 for the “managing services” subscale, 
2.77±0.24 for the “improving services” subscale, and 
2.66±0.31 for the “setting direction” subscale (Table 2).

Table 2. Mean scores of the nurse managers for CLS and its subscales 
(n=109)

Subscales Mean SD Min. Max.
Personal qualities (PQS) 2.70 0.19 2.13 3.00
Working with others (WOS) 2.74 0.19 2.00 3.00
Managing services (MSS) 2.75 0.23 1.75 3.00
Improving services (ISS) 2.77 0.24 2.00 3.00
Setting direction (SDS) 2.66 0.31 1.88 3.00
Clinical Leadership Scale Total (CLS) 2.72 0.19 1.98 3.00

SD: Standard deviation; Min: Minimum; Max: Maximum

The socio-demographic characteristics of the participants 
were compared with their CLS mean scores. The scores of 
“improving services” subscale was higher in the female 
participants than the male participants; this was statistically 
significant (MWU=155.500; p=0.010). In addition, total scores 
of CLS (MWU=1049.500; p=0.016) and scores of “setting 
direction” (MWU=1048.500; p=0.015) subscale were higher 
in nurse managers who formally studied on management 
than those who did not; this was statistically significant. The 
total scores of CLS (MWU=892.000; p=0.033) and scores of 
“personal qualities” (MWU=896.000; p=0.032) subscale were 
higher in nurse managers who formally studied on leadership 
than those who did not; this, too, was statistically significant 
(p<0.05) (Table 3).

No statistically significant differences were found between 
participants’ CLS total and subscale scores and their age, 
marital status, level of education, position, where they 
worked (hospital/unit), the duration of working in the 
institution and profession, and whether they received any 
formal education on clinical leadership (p>0.05).

4. DISCUSSION

Clinical leadership helps nurses achieve individual and team 
goals, maintain team processes, have effective healthcare 
teams, and enhance the quality of their work life (17). 
According to other leadership approaches, clinical leadership 
focuses on the effective conducting of clinical care by managing 
personal and interpersonal skills, despite the quantitative 
shortage of health manpower and complex health system 
processes. In addition, a clinical leader is a professional 
health manager who centers health care, improves patient 
and employee safety, and has a refined sense of both self-
awareness and self-management, is also able to maintain 
individual development, is open to innovation and change, 
and has good interpersonal relations and planning skills (23). 
Therefore, the benefits of clinical leadership enhance patient 
care, improve patient outcomes and patient satisfaction, and 
foster a healthy practice environment (24). In this context, 
it is important to evaluate clinical leadership because it can 
have such a positive outcome in health services, especially 
for nurse managers. Accordingly, upon studying the clinical 
leadership levels of the nurse managers, we discovered 
that most of the participants who were female, between 
36 and 45 years old, married, had a Bachelor’s degree, and 
had over 16 years of professional experience had high levels 
of clinical leadership. This proved to be desirable outcome 
for nursing because clinical leadership is an important and 

X2
KW values =

 p values =
2.660
0.265

5.437
0.066

.667
0.716

.098
0.952

1.515
0.469

1.371
0.504

Studying formally on management
Yes 45 59.16 2.750 60.46 2.875 61.14 2.875 61.24 2.875 63.70 2.875 63.68 2.825
No 64 52.08 2.750 51.16 2.750 50.68 2.750 50.61 2.750 48.88 2.625 48.90 2.700
MWU =
p =

1253.0
0.240

1194.5
0.121

1163.5
0.083

1159.0
0.075

1048.5
0.015*

1049.5
0.016*

Studying formally on leadership
Yes 31 65.10 2.750 62.58 2.875 63.50 2.875 62.15 2.875 61.26 2.875 65.23 2.850
No 78 50.99 2.750 51.99 2.750 51.62 2.750 52.16 2.875 52.51 2.750 50.94 2.725
MWU =
p =

896.0
0.032*

974.0
0.105

945.5
0.071

987.5
0.125

1015.0
0.186

892.0
0.033*

Studying formally on clinical leadership
Yes 21 62.86 2.750 62.33 2.875 56.95 2.875 53.74 2.875 59.36 2.875 60.33 2.850
No 88 53.13 2.750 53.25 2.750 54.53 2.750 55.30 2.875 53.96 2.750 53.73 2.750
MWU =
p =

759.000
0.196

770.000
0.225

883.000
0.748

897.500
0.834

832.500
0.476

812.000
0.389

PQS: Personal qualities; WOS: Working with others; MSS: Managing services; ISS: Improving services; SDS: Setting direction; CLS: Clinical Leadership Scale 
Total; MWU: Mann–Whitney U test; Med.: Median; *p<0.05
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challenging role that requires nurses to be experts at what 
they do, responsible, and accountable to enhance clinical 
results and improve nursing care for their patients (25). 
Some Turkish studies have revealed that physicians and 
nurses alike both have a high sense of clinical leadership, 
which supports the results of the present study (12,19,20). 
In addition, one international study reported that emergency 
room nurses had particularly high levels of clinical leadership 
(10). When the CLS subscales were examined in this study, it 
was found that participants received high scores on all of the 
subscales. Similarly, those studies conducted on physicians 
and nurses showed that they earned high clinical leadership 
subscale scores as well (12,19,20). In this study, they earned 
the highest score on the “improving services” subscale, and 
the lowest score on the “setting direction” subscale. This 
suggested that the participants were very open to provide 
higher quality services, improve those services, and enhance 
patient safety and innovation. However, they focused less 
on using information and evidence, and on decision making.  
Likewise, in a separate study conducted on physicians and 
nurses,the participants earned the lowest score on the 
“setting direction” subscale (12). Moreover, in this study, 
female nurse managers earned higher scores for the 
“improving services” subscale than their male counterparts. 
In other words, it appears that female nurse managers were 
much more adept at providing high quality healthcare service, 
enhancing that service, and ensuring patient safety. In their 
study, Budak and Özer (19) found that female physicians 
and nurses had higher clinical leadership levels in the same 
domain than men did.

Leadership is always required. Assessment and feedback on 
leadership development are necessary throughout training 
healthcare professionals, as well (26). Continuing education, 
as well as on-the-job and other forms of training initiatives 
can be used to teach nurses about care coordination, and to 
make them more knowledgeable, skilled, and capable clinical 
leaders (27). In this study, the participants who formally 
studied on management generally had higher levels of 
clinical leadership than those who didn’t. They earned higher 
scores especially in “setting direction” subscale, determining 
the content for change, using information and evidences, 
decision-making, using new methods, and evaluating the 
effect. In Budak (12) and Budak and Özer (19)’s studies, 
physicians and nurses who formally studied on management 
earned higher scores in the setting direction subscale. It was 
seen that leadership education had a positive effect on the 
participants’ leadership levels, the same held true for those 
had formal management education as well. The participants 
who formally studied on leadership generally had higher 
levels of clinical leadership than those who did not – having 
higher scores on the “personal qualities” subscale. This is 
effective for maintaining self-awareness, self-management, 
self-development and acquiring ethical and honest behaviors. 
Budak and Özer (19) also found in their study that physicians 
and nurses who formally studied on leadership earned higher 
scores in the “personal qualities” subscale. One international 
study revealed that leadership training programs given to 

nurse managers boosted their leadership skills over time 
(28). Cunningham and Kitson (29) found that leadership 
training program was effective in developing nurses’ clinical 
leadership skills. They concluded that programs focusing on 
effective clinical leadership development were needed to 
teach nurses how to provide better patient-centered care. 
The researchers stated that courses developed in partnership 
with nursing leaders to focus on management, health policy, 
information, and nursing education could greatly improve 
nurses’ leadership skills. They also noted that such courses 
could be integrated in continuing education programs aimed at 
improving the leadership of undergraduate/graduate nursing 
students (30). Another study reported that participative 
leadership education offered to nurses improved their 
leadership skills and autonomy in their professional practice, 
as well as offered positive outcomes for patients (31). Kelly, 
Wicker & Gerkin (32), upon examining the correlation 
between transformational leadership practices, nurses’ 
traits and formal leadership education, have discovered 
that institutions need to devise and offer formal leadership 
education programs to train transformational nurse leaders. 
Duygulu and Kublay (33) found in their study that in Turkey, 
transformational leadership training programs designed for 
service charge nurses made them better leaders.

In the present study, the participants’ age, marital status, level 
of educational, position, where they worked (hospital/unit), 
the duration of working in the institution, and whether they 
received any formal education on clinical leadership did not 
appear to have any impact on their leadership levels. Other 
studies have yielded similar results. Again, namely that age, 
marital status, level of education, total duration of working 
in the institution and profession, whether the hospital 
was a city or district hospital and the status of receiving a 
formal education on clinical leadership had no impact on 
clinical leadership levels of physicians and nurses (12,19). 
Yet another study involving physicians and nurses showed 
that participants who formally studied on clinical leadership 
had higher level of clinical leadership than those who did 
not. (34). In the present study, why leadership training did 
not appear to affect the participants’ clinical leadership level 
may be one of two reasons: either too few nurse managers 
received the training, or they did not put what they learned 
to practice.

5. CONCLUSION

Today, nurse managers need to have the traits and skills of 
a leader in order to manage clinics with senses of quality, 
advanced technology and learning organization. Accordingly, 
in this study, the nurse managers were desirably found to 
have high levels of clinical leadership. In addition, those 
who received education on management and/or leadership 
had high levels of clinical leadership in setting direction and 
personal qualities subscales of the CLS. This indicates to us 
once more just how important and necessary education is. 
Despite this, in this study, majority of the nurse managers did 
not receive any education on management, leadership, or 
clinical leadership. Nevertheless, clinical leadership levels of 
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female nurse managers were higher especially in the subscale 
of improving services. Therefore, it would be effective and 
beneficial to organize training programs on management, 
leadership, and clinical leadership to teach nurses (especially 
prospective managers) how to better enhance and manage 
clinical services – with a focus on male nurse managers as 
well, as their numbers are expected to rise in the coming 
years. Such programs could be offered periodically or on a 
regular basis, offer vocational skill training, and be conducted 
in small groups for gaining the related skills using interactive 
training methods like simulation and drama. They should 
be turned into institutional policy and shared with nurses. 
The findings of this study could be used as a reference point 
for scouting out prospective nurse managers for positions 
in top management. This study could also open the doors 
to compare the results of studies on other leadership 
approaches, and help fill in a major gap in the literature when 
it comes to this subject.

Key points for policy, practice, and/or research

•	 Nurse managers – especially those have formally studied 
on management and leadership – generally had high 
levels of clinical leadership.

•	 The selection criteria used to employ nurse managers 
state that candidate managers should also be outstanding 
clinical leaders

•	 Data of this study could be used for comparative purposes. 
It also reveals that leadership and management training 
is necessary for grooming leaders.

The results of this study are limited to the opinions of only 
the nurse managers working at the hospitals where this 
study was conducted. Therefore, these findings should not 
be generalized for all nurses. Other studies should be done in 
different regions and hospitals to achieve that.
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ABSTRACT

Objective: This study aims to examine the relationship between adolescents’ emotional regulation strategies and social media addiction.

Methods: 1151 adolescents aged between 14 and 18 participated in the study (Mage = 14.44, SD =4.97). 63.8% of the participants in the 
study were girls and 36.2% were male. Researchers used the Emotion Regulation Scale and the Social Media Addiction Scale. In the study, 
we performed correlation analysis to determine the relationships between the variables. We used the structural equation model to test the 
predictive relationship between emotion regulation on social media addiction. We used SPSS 22, LISREL 9.1 program for statistical analysis.

Results: The results show that there are low-level, negative correlations between social media addiction and reappraisal of emotions. Similarly, 
there are low-level, positively significant relationships between suppression of emotions and social media addiction. Another result of the study 
reveals that reappraisal and suppression of emotions have a predictive effect on social media addiction.

Conclusion: The results show that reappraisal emotions reduce social media addiction, while suppression increases social media addiction.
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Examining the Relationships Between Adolescents’ Emotion 
Regulation Strategies and Social Media Addiction

1. INTRODUCTION

In the last 15 years, communication and socialization among 
adolescents have changed dramatically. Especially social 
networking sites such as Twitter, Instagram, and Facebook 
are among the social media tools that adolescents use 
to communicate with their friends. Adolescents can use 
technological tools to explore the world, express themselves 
and maintain friendships. Tzavela et al. (1) revealed that 
there are relationships between the use of new technology 
and adolescent needs. Despite the convenience provided by 
the use of new technology among adolescents, excessive 
use can cause psycho-social problems such as arguments 
with other people, decreased academic success and social 
withdrawal (2).

Social media addiction is a mental problem that negatively 
affects the cognitive, behavioral and emotional state of 
individuals, and causes problems in communication with 
others (3; 4). Recent studies show that social media addiction 
is an important problem in adolescents (5; 6). For example, 
Güney and Taştepe (7) determined that approximately 64% 
of adolescents experience moderate and high levels of social 
media addiction.

Emotion regulation is the expression, monitoring, and 
evaluation of emotions (8). Gross, Richards, and John (9) 
describe emotion regulation as a subtype of affect regulation, 
referring to attempts to consciously or unconsciously 
influence emotional experience. Gratz and Roemer (10) 
evaluate emotion regulation as an effort to regulate emotions 
in the face of events.

Cognitive reappraisal and suppression are two commonly 
used strategies to regulate emotions. Reappraisal involves 
changes in negative emotional contexts in the way a situation 
is interpreted in a way that reduces its emotional impact. 
Suppression prevents the external symptoms of emotions 
and behaviors expressing emotions (8).

Relationships Between Emotion Regulation and Social 
Media Addiction

Previous research has shown that difficulties in emotion 
regulation are associated with problematic internet use (11). 
Difficulties in emotion regulation can continue problematic 
Facebook use (12). Yu et al. (13) determined that adolescents’ 
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unhealthy emotion regulation strategies lead to problematic 
internet use. Caselli and Spada (14) revealed links between 
emotion regulation and the use of social networking sites. 
Therefore, studies in the literature reveal that emotion 
regulation strategies are related to social media addiction.

Theoretical Theory

Emotion regulation refers to efforts to reduce the time it 
takes to experience negative emotions and to re-experience 
them in a positive way (15). Through emotion regulation, 
individuals can control, direct and understand their emotions 
(16; 17).

According to the Emotion Regulation Process Model (18; 9), 
the first step that constitutes the emotion regulation step 
begins with a trigger situation that will activate the emotions 
of the person. In the second stage, when individuals 
encounter a situation or event that they cannot change, they 
try to regulate their emotions by changing the direction of 
their attention instead of changing the situation. In the next 
stage, the individual organizes the emotions by reappraisal 
the event that led to the formation. In the last stage, 
individuals prevent the emergence of negative emotions by 
adding different meanings to the event.

According to the Emotion Regulation Process Model, 
individuals use cognitive reappraisal and suppression 
strategies for cognitive and response change of their 
emotions (8). Cognitive reappraisal is a way of changing 
the perception of the event that caused the emotion (19). 
Reappraisal emerges early as a leading strategy before 
emotional response tendencies. Individuals who cognitively 
reappraisal their emotions feel more positive emotions 
(20). Individuals who use a suppression strategy may 
feel inadequate, their negative emotions and depressive 
symptoms may increase (21). In this context, suppression is 
considered as maladaptive regulation strategy.

In summary, in terms of the emotion regulation process 
model approach, social media addiction may be associated 
with a lower level of social media addiction in individuals 
who reappraisal their emotions, and social media addiction 
at a higher level in individuals who suppress their emotions.

Purpose of the study

Emotion regulation is the process of adapting to the 
environment (8). The inability to deal with or regulate negative 
emotions can lead to impulsivity and the development 
of dysfunctional behaviors (22). Difficulties with emotion 
regulation can be a risk factor for addiction (23; 24). Previous 
studies have revealed significant relationships between 
emotion regulation and problematic internet use (25) and 
pathological use of social networking sites (26). However, 
it is noteworthy that studies investigating the relationship 
between emotion regulation and social media addiction are 
limited. Accordingly, current research suggests that a certain 

emotion regulation strategy (cognitive reappraisal and 
suppression) can predict social media addiction.

2. METHOD

2.1. Study Group

We created the following criteria to identify participants. (I) 
Residing in Erzurum, Turkey. (II) be between the ages of 14-19. 
(III) Reading and understanding Turkish. (IV) using at least one 
of the social networking sites in the last 6 months (Instagram, 
Twitter, Facebook, etc.). (V) Obtaining parent informed consent 
form approval to administer the scale to students.

The population of the research consists of 12.000 students 
studying in 46 secondary schools in Erzurum, Turkey in 
December of the 2020 academic year. We applied the 
random sampling method to determine which schools would 
participate in the study. We identified 11 schools using the 
random method. We used the power analysis method to 
calculate the sample size of the study. Results revealed 
that at least 955 sample sizes are required for models with 
an alpha level of .05 and power level of .80. This number 
obtained is sufficient for the sample size in the current study. 
Considering the possible data losses, we applied the scales 
to 1175 students. We did not use the data of 15 students 
who did not meet the normality criteria and 9 students who 
filled in the scales incompletely. As a result, we conducted 
the analysis with the dataset of 1151 students.

The age of the participants ranges from 14 to 18 (Mage = 
14.44, SD =4.97). 63.8% of the students in the final sample 
were girls (n= 734), 36.2% were boys (n= 417). 08% of the 
students were in the preparatory class (n = 9), 13% in the 9th 
grade (n = 150), 26%, 6 in the 10th grade (n = 306), 27.5% in 
the 11th grade. in the 12th grade (n = 316) and 32.1% (n = 
370) in the 12th grade.

2.2. Measures

2.2.1. Social Media Addiction Scale for Adolescents

We used the scale developed by Özgenel, Canpolat, and 
Ekşi (27) to determine the social media addiction levels of 
adolescents. The scale consists of a five-point Likert type, 
nine questions, and a single factor structure. The Cronbach’s 
Alpha value of the scale is .90. In this research, Cronbach’s 
Alpha value was found to be .88. The highest score that can 
be obtained from the scale is 45, and the lowest score is 9. 
The scale is evaluated by taking a total score.

2.2.2. Emotion Regulation Scale

We used the scale developed by Özgüle and Sümer (28) to 
determine the emotion regulation strategies of adolescents. 
The scale consists of two sub-dimensions as reappraisal, and 
suppression and ten questions. Cronbach’s Alpha value of 
the scale was found as .78 and .64, respectively. In this study, 
Cronbach’s Alpa value was found as .80 and .70, respectively. 
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The highest score that can be obtained from the scale is 50, 
and the lowest score is 10. The scale is evaluated according to 
the total scores obtained from the sub-dimensions.

2.3. Data Collection Process

Data was collected online as no face-to-face training in 
schools due to COVID-19. Therefore, online data collection 
scales prepared using Google Forms were sent to the 
participants. To apply the online scales, the researchers 
contacted the teachers working in the guidance services in 11 
schools determined by the random method. The researchers 
explained the purpose of the study to the psychological 
counselors in the guidance service. Teachers were then asked 
to send the online scales to classroom messaging groups.

We also asked individuals who agreed to participate in the 
study to fill in informed consent forms. We ensured that only 
volunteers were included in the study. We also informed the 
individuals that they could stop completing the scales at any 
time and that the results would be kept confidential. The online 
data collection process was completed within 20 days. The 
data collected online were analyzed in computer. Since it is not 
possible to pass the next question without checking the answer 
in the online application, there is no missing data in the study.

2.4. Data Analysis

Before analyzing the data, we examined the outlier and 
normality values. In this dataset, we found that the data 
of 24 individuals violated the parametric conditions and 
we excluded these data from the dataset. In the final step, 
we examined Mardia’s skewness and kurtosis values using 
Lisrel 9.1 software to test the multivariate normality of the 
dataset. As a result of this process, Mardia’s assumptions 
of multivariate normality were confirmed (p>.05). After all 
these processes, we decided to analyzed process based on 
1151 data. We performed a Pearson correlation analysis to 
determine whether there is a relationship between emotion 
regulation and social media addiction. We used the SPSS-22 
program for descriptive and correlation analysis between 
variables. Then, next, we performed a structural equation 
model (SEM) analysis to test the predictive level of emotion 
regulation on social media addiction. Lisrel 9.1 program was 
used for this process.

2.5. Ethical Approval

The approval of the ethics committee of the study was 
obtained from the Ethics Committee of Atatürk University 
Educational Sciences Unit on 12.11.2020.

3. RESULTS

The Relationships Between Emotion Regulation and Social 
Media Addiction and Descriptive Results

Pearson correlation analysis was used to reveal the 
relationship between the reappraisal and suppression 

sub-dimensions of the students’ emotion regulation 
scale and their social media addiction scores. In addition, 
descriptive statistical operations related to variables were 
made. Both descriptive and correlation results for variables 
are presented in Table 1.

Table 1. Descriptive and Correlation Results Regarding the Variables

M SD Social Media

Degişkenler Reappraisal Supression	Addiction

Reappraisal 22.80 6.59 1

Supression 15.25 4.95 -.31,4* 1

Social Media 
Addiction 17.75 5.85 -.08* .21*

*p<.01

When Table 1 is examined, among the reappraisal (r = – .08, p 
<.01) sub-dimension of the emotion regulation scale of social 
media addiction, there is a low level, negative direction; It 
was found that there were low level and positive significant 
relationships between suppression subscale (r = .21, p <.01).

Measurement Model

The measurement model was established with 3 latent 
variables (reappraisal, suppression and social media addiction) 
and 19 observed variables. The established measuring model 
was found to fit well [χ2/sd=4.20, GFI=.93, CFI=.92, NFI= .93, 
IFI= .95, SRMR= .051 ve RMSEA=.055]. Besides, it was found 
that all observed variables place a significant load on the 
relevant latent structures (p<.01 between .42 and .78).

Structural Model

Three models were established during the research process. 
In this context, the relationship between reappraisal and 
suppression of emotions and social media addiction was 
examined (Model I). In Model 1, the researchers determined 
that the predictive effect of re-evaluation (β = – .22. t = – 
5.26, p < .01) and suppression of emotions (β = .32, t = 6.82, p 
< .01) on social media addiction was significant. It can be said 
that the goodness of fit indices of the structural model are 
at acceptable levels (Table 2). Reappraisal and suppression 
of emotions explain 10% of the variance of social media 
addiction. Model fit indices are shown in Table 2.

Table 2. Model Fit Indexes

Model x2/df GFI CFI NFI IFI SRMR RMSEA

Model I 4.64 .94 .94 .92 .94 .052 .056

In Figure 1, the road diagram of the structural equation 
model is given.
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4. DISCUSSION

In this study, we examined the predictive level of 
adolescents’ emotion regulation on social media addiction. 
In this direction, we tested the relationship between 
emotion regulation and social media addiction with a 
structural model. The results show that there are low-
level, negative correlations between social media addiction 
and reappraisal of emotions. Similarly, there are low-level, 
positively significant relationships between suppression of 
emotions and social media addiction. Another result of the 
study reveals that reappraisal and suppression of emotions 
have a predictive effect on social media addiction.

In the study, we found that the reappraisal dimension of the 
emotion regulation scale predicted social media addiction at 
a negative and significant level. These findings coincide with 
the findings obtained from studies examining the relationship 
between emotion regulation and problematic internet, 
Facebook and social media use, which are evaluated within 
the scope of social media use. For example, the negative 
prediction of positive emotion on internet addiction is similar 
to the result of this study (29). Reporting that reappraisal 
emotions reduce internet addiction in similar studies support 
the result of this study (30; 31). Satıcı and Deniz (32) reported 
that the emotion regulation reappraisal strategy negatively 
predicted smartphone addiction, which is consistent with 
this finding.

Social media addiction of individuals who reappraisal their 
emotions may be at a lower level. Individuals who experience 
and express their emotions more healthily by reappraisal the 
events they experience in daily life may use social media 
less. Emotional changes and emotional intensity can be 
experienced frequently during adolescence. At such times, 
individuals who reassess their emotions can display behaviors 
that can protect themselves against negative behaviors. In 
other words, adolescents who reevaluate their emotions 
may spend less time on social media.

The study found that the suppression dimension of the 
emotions regulation scale positively and significantly 
predicted social media addiction. The positive prediction 
of negative emotion on internet addiction is similar to the 
result of this study (29). In a similar study, individuals who 
suppress their emotions experience more internet addiction 
(31) and smartphone addiction (32) parallel to the results of 
the study. The positive prediction of dysfunctional emotion 
regulation on social media addiction is in line with the results 
of this study (33). Individuals who have problems in emotion 
regulation can use problematic Facebook (34).

Social media addiction of individuals who suppress 
their emotions may be at a higher level. Individuals who 
use Facebook experience emotional avoidance, lack of 
awareness and acceptance of their own emotional reactions, 
or inadequate impulse control, which can negatively affect 
their mood (35). Rozgonjuk and Elhai (36) emphasize that 

Figure 1. Relationships Between Reappraisal and Suppression of Emotions and Social Media Addiction
Standardized Values for the Level of Reappraisal and Repression of Emotions Predicting Social Media Addiction
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suppressing emotions harms mental health and is not very 
effective against addictions. Suppressing emotions may 
not reduce negative emotional experiences. Therefore, 
suppression can be a factor that increases social media 
addiction.

5. CONCLUSIONS

The results of this study reveal that adolescents’ use of 
social media increases when they suppress their emotions, 
and social media use decreases when they reappraisal their 
emotions.

Limitations and Recommendations

This study has some limitations that must be accepted. Firstly, 
the findings obtained from this study were collected with 
self-reported measurement tools based on the perceptions 
of the participants. Therefore, new studies using different 
data collection methods may be recommended. The 
second limitation is the cross-sectional collection of data. 
Therefore, experimental work can be done. In this context, 
the preparation of psycho-educational programs in which 
adolescents can express their feelings can reduce their social 
media addiction.
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ABSTRACT

Objective: The aim of the study was to determine the level of perception of gender in medical school students and to examine some variables 
that are thought to be related.

Methods: Study was carried at a public university faculty of medicine in 2018-2019 academic year and it consists of 1213 students without 
attendance problems and 1023 (84.3%) students were reached. The questionnaire form included some sociodemographic characteristics of the 
individuals, some variables thought to be related with gender perception and questions of the Perception of Gender Scale.

Results: In this study, medical students’ gender perception levels and variables affecting it were evaluated and it was concluded that the 
students’ gender perceptions were positive.

Conclusion: Medical faculty students should be role models in society’s adoption of equality by looking at all practices from a gender equality 
perspective.
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1. INTRODUCTION

Sex is the physiological and biological feature of the individual 
as a female or male (1). Gender, on the other hand, is defined 
as stereotyped roles, behaviors, activities, qualifications and 
opportunities that society sees suitable for men and women 
according to the World Health Organization (WHO) (2). 
While sex differences are inherent features of female and 
male, gender differences are learned, gained in the process 
of socialization and vary from individual to individual, 
intercultural and over time (3,4).

Gender, in other words, is the meaning and expectations of 
society and culture to be men and women; It is about how 
society sees male and female, thinks and how they expect 
them to act (3,5). Gender roles also include roles deemed 
appropriate for women and men in relation to these 
expectations, and these are transformed into stereotypes by 
society (3). Men are expected to be independent, objective, 
aggressive, strong, logical, brave, unable to express their 
feelings easily, show themselves in the public area and bring 

home the bacon. Women are expected to be docile, sensitive, 
dependent, subjective, obedient, able to express their feelings 
easily, do housework and service baby-sitting (1,3,6,7). When 
individuals or groups do not comply with established gender 
norms, roles, responsibilities or relationships, they often face 
stigma, discriminatory practices or social exclusion (8).

Gender-based values ​​affect the basic determinants of health 
and equality such as nutrition, hygiene, awareness of health 
problems, health-seeking behavior and access to healthcare 
services as well as affecting people’s daily lives (9). As a result 
of social norms, risky behaviors are more common in men. For 
example, deaths in traffic accidents are higher in males due 
to smoking, alcohol use and risky driving. In addition, the job 
areas where men work are more risky because work-related 
diseases are more common in men (1,9,10). However, the 
negative consequences of gender discrimination in women 
are observed more than men in every period of life. Violence 
against women in norms that value male authority and 

https://orcid.org/0000-0001-6277-7753
https://orcid.org/0000-0001-9149-6424
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privilege, deprivation of women from education and other 
social resources that improve and protect health, gender 
selective abortions significantly increase women’s health 
risks (8,9).

Gender equality is the basic human right and increases 
economic and social development in all areas (11,12). United 
Nations ‘‘5th Sustainable Development Goal’’, is mentioned 
that women-girls should be empowered to achieve gender 
equality. It is aimed to accelerate the progress towards 
gender equality in all social areas (at home, workplace, 
health and educational attainment, political participation, 
leadership and economy) (12,13). It is reported by The 
European Observatory on Health Systems and Policies and 
the World Health Organization that gender inequality causes 
an important public health problem by depriving women 
of their economic, social, political rights and access to 
education, training and health services (14,15). Considering 
the fact that they are in constant contact with the society and 
the effects of gender on health, physicians also have a great 
role in achieving this goal. It is important to evaluate the 
gender perceptions of medical students, who will become 
future physicians, to make arrangements for adopting 
gender equality perceptions and attitudes among physicians. 
The aim of the study was to determine the level of gender 
perception in medical school students and to examine some 
variables that are thought to be related.

2. METHODS

The study is a cross-sectional study conducted between 
September and December 2018 on students of a public 
university faculty of medicine in the 2018-2019 academic 
year. The ethic permission was acquired from Eskisehir 
Osmangazi University Ethics Committee (Date: 09.10.2018, 
Protocol number: 25403353-050.99-E.110622). Additionally, 
necessary administrative permissions were obtained from 
the Diaconate of the Faculty of Medicine.

Study was carried at a public university faculty of medicine 
in 2018-2019 academic year and it consists of 1213 students 
without attendance problems and 1023 (84.3%) students 
were reached.

In this study, a questionnaire form was prepared using the 
literature for data collection (16-18). The questionnaire 
form included some sociodemographic characteristics of the 
individuals (age, gender, maternal education status, etc.), 
some variables thought to be related with gender perception 
and questions of the Gender Perception Scale.

In order to collect data in the study, verbal consent was 
obtained from those who accepted to participate in the 
study after the students were informed about the research 
subject and purpose by going to the classes at appropriate 
days and hours. The questionnaire forms were distributed to 
students and they were filled in by them under observation. 
This process took approximately 15-20 minutes.

The Perception of Gender Scale (PGS) is a self-report 
assessment tool designed to evaluate the gender roles and 
perceptions of individuals. Developed by Altınova and Duyan 
in 2013, the scale consists of 25 questions in 5-point Likert 
type. For each opinion stated in the items, individuals are 
asked to state their opinions as “I totally agree” “5”, “I agree” 
“4”, I am undecided “3”, I do not agree “2”, and I totally 
disagree “1”. Items 2, 4, 6, 9, 10, 12, 15, 16, 17, 18, 19, 20, 21, 
24 and 25 are negative and calculated in reverse. Accordingly, 
the score that can be obtained from the scale is between 
25 and 125, and it is accepted that the gender perception 
changes positively as the score increases (16).

Family income levels of the students were evaluated as ‘low’, 
‘moderate’ and ‘high’ according to their own statements.

The most played game as a child was categorized as “baby-
house game”, “car game” and “other”. In the other category; 
There were outside games, football, puzzles and computer 
games.

Family attitude was categorized as “democratic” and “other”. 
In the other category; authoritarian, indifferent, overly 
permissive, inconsistent, overprotective, perfectionist family 
attitudes were present.

The person who made the decisions in the family was 
categorized as “parents together” and “other”. The other 
category included mother, father, family elders and other 
individuals.

The data obtained in the study were computerized and 
evaluated using SPSS version 15.0. The scores from PGS 
was evaluated regarding normal distribution, and the 
Kolmogorov-Smirnov normal distribution test and graphs 
were used to show that the scores taken from both scales 
were normally distributed. Mann-Whitney U and Kruskal-
Wallis tests, (Bonferroni correction) and multiple linear 
regression analyses were used. The logarithms of the scores 
were taken to apply linear regression. A multivariate linear 
regression model was performed to determine the variables 
affecting the PGS scores.

3. RESULTS

Of the 1023 students who constituted the study group, 52.8% 
(540) were female and 47.2% (483) were male. The ages of 
the study group ranged from 17-30, with a mean of 21.36 ± 
2.06 years. The scores obtained from PGS ranged between 
32.0 and 125.0, and mean is 108.06 ± 16.57. The scores 
obtained from the scale were higher in women, those aged 
23 and over, and students without siblings, while it was lower 
in students whose mothers’ education level was primary 
school and below. Students whose father’s education level 
was primary school and below was found to be lower than 
those of university students. Comparison of students’ PGS 
scores according to sociodemographic characteristics is given 
Table 1.
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Table 1. Comparison of students’ PGS scores according to 
sociodemographic characteristics

Sociodemographic 
characteristics

n (%)

PGS scores
Median

(min.-max.)
Kw/z ; p

Sex

Female
540 (52.8)

117.0
(32.0-125.0)

11.788 ; 
<0.001Male

483 (47.2)
105.0

(33.0-125.0)
Age groups (year)

17-19
232 (22.7)

113.5
(38.0-125.0)

6.175 ; 0.046
20-22

451 (44.1)
114.0

(32.0-125.0)
23 <*

340 (33.2)
116.0

(33.0-125.0)
Mothers’ education level

Primary education*
351 (34.3)

110.0
(56.0-125.0)

29.983 ; 
<0.001

High school
283 (27.7)

115.0
(49.0-125.0)

University
389 (38.0)

116.0
(32.0-125.0)

Fathers’ education level

Primary education*
185 (18.1)

109.0
(58.0-125.0)

17.183 ; 
<0.001

High school
246 (24.0)

114.0
(38.0-125.0)

University *
592 (57.9)

116.0
(32.0-125.0)

Siblings

No
107 (10.5)

117.0
(32.0-125.0)

2.843 ; 0.004
Yes

916 (89.5)
114.0

(33.0-125.0)
Family type
Nucleer

928 (90.7)
115.0

(32.0-125.0)

13.394 ; 
0.001

Expended *
67 (6.5)

108.0
(56.0-125.0)

Broken
28 (2.7)

120.0
(49.0-125.0)

Socioeconomic level

High
332 (32.5)

116.0
(32.0-125.0)

17.714 ; 
<0.001

Moderate
659 (64.4)

114.0
(38.0-125.0)

Low
32 (3.1)

103.0
(49.0-125.0)

In the study group, those whose family attitude was 
democratic, those who spent most of their lives in the 
province, those who did not live with grandparents such as 

grandparents until the age of 18, those who played more 
baby-house when they were child, those who reported that 
the parents make decisions together in the family, and the 
students who took their mother as a role model, the gender 
perception was more positive. Comparison of students’ PGS 
scores according to some variables thought to be related to 
the gender perception is given in Table 2.

Multiple linear regression analysis results showing the 
variables related to the scores of the students in the study 
group obtained from the PGS is given in Table 3.

Table 2. Comparison of students’ Perception of Gender Scale scores 
according to some variables thought to be related to the gender 
perception

Variables
n (%)

PGS scores
Median

(min.-max.)
Kw/z ; p

Family attitude

Democratic
473 (46.2)

116.0
(33.0-125.0)

3.992 ; <0.001Other
550 (53.8)

113.0
(32.0-125.0)

Region of the majority of life

Province *
718 (70.2)

116.0
(32.0-125.0)

21.446 ; 
<0.001

District
257 (25.1)

111.0
(33.0-125.0)

Town
48 (4.7)

107.5
(59.0-124.0)

Living with grandparents until the age of 18

No 760 (74.3) 115.0
(33.0-125.0)

3.732 ;<0.001
Yes 263 (25.7) 110.0

(32.0-125.0)
Most played game when child

Baby-house game *
391 (38.2)

117.0
(38.0-125.0)

53.356 ; 
<0.001

Car game
245 (23.9)

108.0
(32.0-125.0)

Other
387 (37.8)

113.0
(33.0-125.0)

How decisions are made in the family

Parents together
612 (59.8)

116.0
(33.0-125.0)

4.487 ; <0.001
Other

411 (40.2)
112.0

(32.0-125.0)
Role model person

Mother*
341 (33.3)

117.0
(49.0-125.0)

30.283 ; 
<0.001

Father
325 (31.8)

111.0
(32.0-125.0)

Other
357 (34.9)

114.0
(33.0-125.0)
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Table 3. Multiple linear regression analysis model of the variables 
that affect students’ Perception of Gender Scale scores

β
(%95 CI)

β
(%95 CI)

Sex -0.055***
(-0.064 – -0.046)

-0.054***
(-0.065 – -0.044)

Age groups 0.0
(-0.007 – 0.006)

Mothers’ education level 0.006
(0.0-0.013)

Fathers’ education level 0.002
(-0.005 – 0.009)

Sibling -0.009
(-0.024 – 0.006)

Family type -0.008
(-0.019 – 0.004)

Socioeconomic level -0.007
(-0.017 – 0.002)

Family attitude 0.018***
(0.009-0.028)

Where most of life is spent -0.013**
(-0.020 – -0.005)

Living with grandparents until 
the age of 18

0.017**
(0.007-0.027)

Most played toy when child 0.001
(-0.005 – 0.007)

How decisions are made in the 
family

0.008
(-0.001 – 0.017)

Role model person -0.002
(-0.007 – 0.004)

                                                         R2:
                                                     F:

0.144
24.445***

0.170
29.602***

CI: Confidence Interval, *:p≤0.05, **:p≤0.01, ***:p≤0.001

4. DISCUSSION

The access to healthcare services and the quality of it is not 
received the same among genders in almost every part of the 
world due to gender perception (17,18). Therefore, medical 
doctors having high awareness and displaying positive 
attitude towards gender perception is considered to be one 
of the key factors in order for health service distribution to 
be equal. In this study, medical students’ gender perception 
levels and variables affecting it were evaluated and it was 
concluded that the students’ gender perceptions were 
positive. Female students, those who didn’t live with their 
grandparents until they were 18, those who lived most of 
their lives in cities and those whose parents’ attitude are 
democratic had a more positive gender perception.

The amount of studies assessing the gender perception 
of medical faculty students are very few. In our study 
group, the gender perception was more positive than 
the study conducted by Aydin et al. using the same scale 
on postgraduate individuals (19). Two different studies 
conducted on medical students in İzmir also reported that 
the gender perception was equitable and positive (18,20). 
There are studies suggesting that the gender perception 

of university students studying in the health field is more 
positive compared to the students in other fields (21,22).

Because of the societal role of a mother in a family being 
undertaking every household chores and bearing with every 
negative event that happens creates a traditional gender 
perception for the males of the family (23). In the study, 
female students’ gender perception was more positive 
than males which was in line with the relevant literature 
(18,21,22,24).

Individuals’ social relationships and environments increase 
with age, and they interact with more people and gain 
different perspectives. It is predicted that increasing social 
relations and changing environment will create a more 
egalitarian perception of gender apart from the gender 
perception settled in the society (25-27). In our study, the 
gender perception of the students over the age of 23 was 
found to be more positive than the students under the age of 
23. In a study conducted on adolescents in the literature, it 
was reported that individuals’ gender perceptions were more 
positive with increasing age (28). In the studies conducted by 
Zeyneloğlu and Arıcı on university students, it was reported 
that there was no difference between age and gender 
perception (29,30).

It is expected that the level of gender perception of their 
children will change positively with the increase in the 
education level of the parents due to reasons such as the 
increase in the education level of the families, the fact that 
people with higher education levels are open to new ideas 
and are not under the cultural influence of the society, and 
women enter the working life (30-32). In the study, while the 
gender perception level of those whose mother’s education 
level is primary school or below is lower, the gender 
perception level of those whose father’s education level is 
university was found to be more positive than those whose 
mother’s education level is primary school and below. Similar 
result was reported in the study conducted by Arıcı (30). In 
some studies, it has been reported that as the educational 
status of the mother increases, the perception of gender 
changes positively, while there is no relationship between 
the educational status of the father (31,33). In another 
study, no relationship was found between the education 
level of the parents and the perception of gender (34). The 
different results here may be due to the different cultures of 
the community in which the study was conducted and the 
different schools where the students study.

Family is the first social environment individuals live in. 
Although every part of an individuals’ life plays a role in 
their perception of gender, the family they live with since 
their birth has the biggest share in it (35). The attitude of the 
family, which is shaped by the culture and the societal norms 
in families is one of the major factors affecting the gender 
perception (17,36). In the study, the students who defined 
the attitude of their family as democratic was found to have 
a more positive perception on gender.
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It is reported that the place where the individuals spend 
most of their life affects their predictions against life (37). It 
has been reported that as the time spent in the urban area 
increases, the gender perception becomes more egalitarian 
and positive (35). In the study, students’ who spent most of 
their lives in city centers was found to be gender perception 
was more positive. Those who live in urban areas had a more 
positive gender perception in a study conducted in Namibia 
as well (38). In some other studies however no difference 
was reported regarding the living place (19,23).

In the study, those who did not live with their grandparents 
until they were 18 had a more positive gender perception. 
Living with the elders of the family may have resulted in 
having a more traditional gender perception due to their 
influence on children.

It has been determined that the toy preferences of children 
who adopt the roles assigned to men and women in the 
society and grow up in families with traditional role-sharing in 
this way differ in accordance with traditional roles (4). In the 
study; It was determined that the level of gender perception 
of the students whose most played games as children were 
baby-house game were more positive. Similar results are 
reported in the study of Hupp et al. (39).

In the model obtained as a result of multiple linear regression 
analysis, it was found that independent variables explain 
17 % of the gender perception. Since gender perception is 
a multi-dimensional concept and highly influenced by the 
cultural traditions of individuals and the social structure of 
the environment they live in, it’s hard to define and include 
every factors that possibly affects the gender perception in 
quantitative studies.

The research being a cross-sectional study resulting with 
inadequacy on explaining the cause-effect relationship and 
since it can’t be generalized due to including only the medical 
faculty students, can be considered as the limitations of the 
study. It has been concluded that more advanced studies 
and qualitative studies that will provide access to in-depth 
information are needed to obtain more information on the 
subject.

5. CONCLUSION

Medical faculty students who will be the healthcare providers 
of the future should be role models in society’s adoption of 
equality by looking at all practices from a gender equality 
perspective and shaping stereotypes and attitudes more 
equitably. The perception of gender of the faculty of medicine 
students was found to be positive. Sex and the characteristics 
of the social environment were related to perception of 
gender. Through the medical education curriculum and 
the student communities in the faculty, the awareness of 
students about the perspective of gender perception must 
be increased and this process should be sustained after the 
graduation with briefings during their educations. In addition 
to that, a cooperation should be created between faculty 
members and students.
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ABSTRACT

Objective: Serum amino acid profile is known to vary in many diseases. The changes in the serum amino acid profile provide important 
information about diseases and the effectiveness of treatment. The aim of this study is to investigate whether serum amino acids are effective 
in the development of CRS.

Methods: A total of 23 healthy volunteers between the ages of 20 and 40 years were allocated to the control group (Group 1) and 27 patients 
with chronic rhinosinusitis were allocated to the study group (Group 2). The patients whose history, symptom, and examination findings were 
consistent with chronic sinusitis and who also who had sinusitis findings on a paranasal sinus tomography and were diagnosed with chronic 
sinusitis for at least one year were included in Group 2. A total of 32 serum-free amino acid levels were measured in both group using the 
LC-MS/MS system. In the study, the JASEM amino acid kit was used for LC-MS/MS analysis.

Results: The serum taurine level was found to be statistically significantly lower in Group 2 compared to Group 1 (p:0.002). A significant 
alteration was not observed in the serum levels of remaining 31 amino acids.

Conclusion: According to the data we obtained from the study, decreased serum taurine level may be a factor in the etiopathogenesis of chronic 
rhinosinusitis and therefore taurine supplementation may be considered as a new therapeutic target in the treatment of chronic rhinosinusitis.

Keywords: Chronic sinusitis; Taurine; Human serum; Amino acids; LC-MS/MS
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Serum Amino Acid Profile in Chronic Sinusitis

1. INTRODUCTION

Rhinosinusitis (RS) is the inflammation of nasal mucosa and 
paranasal sinus mucosa. It is associated with symptoms 
including nasal obstruction, post-nasal discharge, facial pain 
and a sensation of pressure, a smelling disorder, cough. and 
a sensation of fullness in the ear (1-3). RS develops primarily 
due to viral but also bacterial and fungal infections (4). The 
disease is defined as chronic rhinosinusitis (CRS) if symptoms 
and signs of the inflammation last for longer than three 
months. CRS is a chronic inflammatory disease which may 
develop due to both infectious and non-infectious factors (5). 
CRS is a very common disease and represents an important 
public health problem. In Europe, a high prevalence of up 
to 19.7% were reported (6). This ratio is between 14-16% in 
America (7).

CRS is a multi-factorial disease. The causes include anatomic, 
congenital, genetic, neoplastic, allergic and endocrinologic 
factors; sinonasal ciliary dysfunction; and smoking (8-
9). The exact etiology and mechanism of CRS has not yet 
been revealed. The pathophysiology of sinusitis should be 
investigated to determine two important points in detail. One 

of them is that acute sinusitis is not recovered completely 
and the second one is that acute sinusitis tuns into chronic 
inflammatory disease

Many scientific studies have investigated regarding the 
relationship between diseases and biomolecules like amino 
acids, metabolites, enzymes and hormones for better 
understanding the pathophysiology of the diseases. Amino 
acids are required for the synthesis of many important 
molecules like protein, hormones, and neurotransmitters 
(10). Amino acids also regulate the immune response that 
defends the body against diseases through the activation 
of T and B lymphocytes, natural killers and macrophages; 
cellular redox including gene expression and lymphocyte 
proliferation; and producing antibodies, cytokines and other 
cytotoxic substances (11). For example, taurine is found in 
high concentrations in phagocytes and inflammatory lesions 
(12).

Taurine, a sulfur amino acid, is the most abundant amino 
acid in the body. Taurine plays a role in cyto-protection 
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and the regulation of inflammation through protecting the 
tissue against oxidative damage. It has been suggested that a 
deficiency in taurine influences immune cell functions since 
it is found in high levels in leukocytes (13,14). While taurine 
plays a role in many physiologic events, it is found in high 
concentrations in inflammatory cells where oxidative activity 
is high and in retina, kidney, heart tissues where oxidative 
products are at high levels (15-16).

In various studies in the literature, the association between 
different disease groups like oncologic diseases ( hepato-
cellular cancer (17), breast cancer and lung cancer (18),colon 
cancer (19), renal cell cancer (20), cervical intra-epithelial 
neoplasia and cervical squamous cell cancer (21)), metabolic 
disorders including diabetes mellitus and metabolic syndrome 
(22), renal disorders (23), sepsis (24), nasal polyposis (25), 
and serum/plasma amino acid profiles was investigated with 
regard to biochemical parameters.

Based on the data mentioned above, it was suggested that 
patients with CRS could have an altered serum amino acid 
profile. For these analyses, the strongest technique, the 
LC-MS/MS method, was used for detection of the amino acid 
profile of the patients with CRS and discussed light of the 
literature.

2. METHODS

2.1. Materials

Ethics committee approval was obtained from the Erzurum 
Regional Research and Training Hospital (2020/14-157). 
Twenty-three healthy volunteers between the ages of 20 and 
40 (Group 1) and 27 patients with CRS (Group 2) who were 
admitted to Erzurum Regional Research and Training Hospital 
in Turkey were included in the study. Healthy volunteers 
who were matched with the patient group for age, gender, 
and body mass index were included in Group 1. A detailed 
medical history was obtained from all participants and a basic 
rhinologic examination, a nasal endoscopic examination, 
and a routine ear-nose-throat examination were done. The 
patients whose history, symptom, and examination findings 
were consistent with chronic sinusitis and who also who had 
sinusitis findings on a paranasal sinus tomography and were 
diagnosed with chronic sinusitis for at least one year were 
included in Group 2.

Exclusion criteria were as follows: smoking and/or alcohol use, 
atopic dermatitis, asthma, nasal polyposis, acute sinusitis, 
chronic drug use, a history of systemic or topical steroid use 
for any reasons during the last three months, pregnancy, 
lactation, the presence of an upper respiratory tract infection 
during the study, and hepatic, renal, hematologic, cardio-
vascular, metabolic, neurologic, of psychiatric disorders or 
malignity (25).

In this study, JASEM quantitative amino acid LC-MS/MS kits 
were used. These kits include amino acid standards, internal 
standard, analytical column and mobile phase (JASEM 
Laboratory Systems and Solutions A.S).

2.2. Analytic Chemical Analysis

2.2.1. Measurement of Free Amino Acids

Blood samples were taken into gel tubes from the ante-
cubital vein following one night of fasting. Biochemistry 
tubes were centrifuged at 3500 rpm for 10 min to separate 
the serum, and serum samples were stored at – 80 °C until 
the day of examination and tested after they reached room 
temperature.

For both patient and control groups, 50 µL of serum samples 
were transferred into Eppendorf tubes, 50 µL internal 
standard was added to them, and they were vortexed for 10 
sec. 700 µm of amino acid solvent solution (Mobile Phase 
A: Mobile Phase B, V:V:1:4) was added to each tube. Each 
sample was vortexed for one min and centrifuged at 3000 
rpm and at 4 °C for eight min thereafter. The superior phase 
was separated and filtered using 0.45 µm filters. Samples 
were measured in triplicate with the LC-MS/MS system 
(Agilent 6460 Triple Quadropol, USA). Chromatography and 
mass spectrometry conditions of the LC-MS/MS method that 
was used for the separation and definition of amino acids are 
presented in Tables 1 and 2. Thirty-two amino acids defined 
as the result of the analysis are listed in table 4. Table 5 gives 
m/z values for amino acids. MRM chromatograms of the 
control and patient groups of amino acids obtained from the 
study are given in figure 2. MRM chromatogram and mass 
spectrum of the control and patient groups of taurine are 
also given in figure 3 and figure 4, respectively.

Table 1. Solvent Composition Schedule during the gradient elution 
for LC-MS/MS

Time
Flow: 0.7 
mL/min
Column

                                Change Solvent Composition
A: MPA (Jasem AA Kit)                                          B: MPB (Jasem 
AA Kit) Jasem AA Column

1.00 min                        78.00 %                                               22.00 %
4.00 min                        70.00 %                                               30.00 %
5.00 min                        70.00 %                                               30.00 %
5.10 min                        22.00 %                                               78.00 %
9.00 min                        22.00 %                                               78.00 %

Table 2. Mass conditions

Parameters Value (+) Value(-)
Gas Temp (°C) 150.00 150.00
Gas Flow (L/min) 11.00 11.00
Nebulizer (psi) 40.00 40.00
SheathGasHeater 375.00 375.00
SheathGasFlow 11.00 11.00
Capillary (V) 2000.00 0.00
VCharging 0.00 0.00
Injection Volume (µl) 1.00
Ion source AJS ESI
Ion Mode Positive
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2.3. Statistical Analysis

An independent samples t test was used for the comparison 
of the mean differences between groups. Analyses were 
done using the IBM SPSS 20.0 package program. A p level 
of<0.05 was accepted as statistically significant.

Table 3. Demographic data of groups 1 and 2

Variable Grup 1 (n=23) Grup 2 (n=27) p-value
Gender(Male/Female) 11/12 14/13 p:0,654
Age(years) 33,50±5,30 34,26± 4,72 p:0,780
BMI (kg/m2) 25,1±1,20 24,8±1,16 p:0,802

Table 4. Serum free amino acid values (nmol/mL) in patients with 
CRS compared with controls.

Amino Acids
 Group 1 (n:23)

Mean±SD
 Group 2 (n:27)

Mean±SD
p-values

1-Methyl-L-Histidine 5,86±5,74 3,18±1,54 0,172
3-Amino Isobutyric acid 1,93±1,26 1,95±1,27 0,977
3-Methyl-L-Histidine 7,58±1,79 7,27±2,96 0,777
Beta-Alanine 1,28±0,69 1,12±0,51 0,569
DL-5-Hydroxy Lysine 1,48±0,34 1,30±0,48 0,341
Ethanolamine 8,46±4,22 9,10±7,32 0,575
Gamma-aminobutyric 
acid

0,35±0,13 0,40±0,19 0,569

L-2-Aminobutyric acid 2,97 ±1,89 3,41±2,96 0,699
L-Alanine 596±198 653±391 0,691
L-Anserine 23,48±5,90 25,84±16,25 0,672
L-Arginine 86,26±31,34 81,39±47,78 0,790
L-Asparagine 62,28±17,57 62,75±33,13 0,969
L-Carnosine 10,51±4,46 11,78±6,94 0,632
L-Citrulline 34,31±10,70 27,37±13,18 0,212
L-Cystine 53,55±24,76 50,08±32,03 0,789
L-Glutamine 547,13±131,71 557,79±286,24 0,916
L-Glycin 478,58±200,78 495,83±269,25 0,873
L-Histidine 92,46±20,72 94,65±43,57 0,887
L-Isoleucine 83,67±30,52 79,50±48,17 0,819
L-Leucine 167,60±43,62 174,05±107,04 0,862
L-Lysine 232,72±68,92 250,16±141,81 0,731
L-Methionine 33,21±11,81 30,49±16,28 0,674
L-ornithine 148,23±62,09 148,10±78,20 0,981
L-Phenylalanine 110,14±31,53 124,76±76,50 0,583
L-Proline 330,71±163,51 346,13±225,04 0,863
L-Serine 195,20±55,47 203,60±104,80 0,825
L-Threonine 150,56±57,25 158,35±82,51 0,809
L-Tryptophan 72,04±18,47 65,54±38,29 0,635
L-Tyrosine 76,13±24,15 80,42±52,32 0,816
L-Valine 251,90±57,57 258,66±144,30 0,892
*Taurine 104,15±20,01 59,69±34,28 0,002
Trans-4-hydroxy 
L-proline

8,08±3,14 6,55±3,06 0,286

*: p<0.05

Table 5. m/z values for amino acids

Amino Acids  m/z
1-Methyl-L-Histidine 170.1→126.2
3-Amino Isobutyric acid 104.1→86.2
3-Methyl-L-Histidine 170.1→124.1
Beta-Alanine 90.1→72.1
DL-5-Hydroxy Lysine 163.1→128.1
Ethanolamine 62.1→44.2
Gamma-aminobutyric acid 104.0→87.1
L-2-Aminobutyric acid 104.2→58.3
L-Alanine 90.2→44.2
L-Anserine 241.1→109.1
L-Arginine 175.2→70.2
L-Asparagine 133.1→74.2
L-Carnosine 227.1→110.1
L-Citrulline 176.4→159.3
L-Cystine 241.0→74.2
L-Glutamine 147.1→84.2
L-Glycin 76.2→30.1
L-Histidine 156.1→110.1
L-Isoleucine 132.2→69.2
L-Leucine 132.2→43.3
L-Lysine 147.1→84.2
L-Methionine 150.1→104.1
L-ornithine 133.2→70.3
L-Phenylalanine 166.1→120.1
L-Proline 116.2→70.2
L-Serine 106.2→60.2
L-Threonine 182.1→165.0
L-Tryptophan 205.1→188.1 
L-Tyrosine 182.1→165.0
L-Valine 118.2→72.2
Taurine 126.1 →44.3
Trans-4-hydroxy L-proline 133.2→68.2

Figure 1. Box-plot distribution of serum Taurine levels in Group 
1(control) and Group 2 (patient).*Significant at p < 0.05 when 
compared to control
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Figure 2. Typical MRM chromatogram for amino acids obtained from the control group (A)  Typical 
MRM chromatogram for amino acids obtained from the control group (B). 
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Figure 3. Typical MRM chromatogram for Tauirine MRM choromatogram: A Control Group, B 
Patient Group  
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Figure 4. Product ion mass spectra for Taurine: A Control Group, B 
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3. RESULTS

The average age of the individuals is 33,50±5,30 in group 1 
and 34,26± 4,72 in group 2, and the average age between the 
two groups is similar (table 3).In Group 1, 11 patients were 
male and 12 were female while Group 2 included 14 males 
and 13 females. The female/male ratio was similar between 
groups and the mean BMI values were similar between 
groups (table 3). The serum-free taurine level was found to 
be statistically significantly lower in Group 2 compared to 
Group 1 (table 4, figure 1). A significant difference was not 
found between groups with regard to the remaining 31 free 
amino acid levels (table 4).

4. DISCUSSION

In CRS, long term neutrophil infiltration in paranasal sinuses 
and ROS are proposed to lead to the infection becoming 
chronic (26). Neutrophil granulocytes release proteolytic 
enzymes, and the protease amount exceeds antioxidant 
capacity and leads to tissue damage in the nasal and paranasal 
mucosa (27). Oxidative and immune-active products may 
continue inflammation even after the infection has been 
treated (28).

The main function of immune reactions is to fight micro-
organisms and other foreign bodies (26). When the natural 
immune response is activated, it leads to the degranulation 
of inflammatory cells, the rapid release of reactive oxygen 
species (ROS) including the superoxide anion radical and the 
hydrogen peroxide radical. A balance exists between ROS 
production and elimination in most cellular processes of the 
organisms (29,30). This balance is preserved by endogenous 
antioxidant mechanisms (31). Hemostasis is impaired in the 
ROS over-expression resulting in oxidative stress, and tissue 
damage occurs through triggered inflammation (29,30). 
Additional protective mechanisms that restrict the severity 
of tissue damage like antioxidant defense mechanisms 
contribute to the control of the disease (31).

 In various studies, it has been reported that taurine shows 
a cyto-protective effect due to its antioxidant activity 
(32,33). Taurine, whose antioxidant, antimicrobial, and anti-
inflammatory activity is well known, was found to be lower 
in the serum of the patients with CRS in our study compared 
to the healthy control group. This suggests that taurine may 
be effective in the physiopathology and/or treatment of CRS, 
one of the chronic inflammatory diseases.

When neutrophil granulocytes, which are the dominant 
immune cells in inflammation, are activated, the 
myeloperoxidase enzyme is released into the extracellular 
environment. Taurine reacts with the enzyme products 
hypohalous acids (HOCl, HOBr) to form TauCl and TauBr 
products (34,35). Since TauCl is a less potent oxidant than 
HOCl, neutralization of HOCl represents one of the important 
antioxidant mechanisms of taurine. This reaction, which is 
catalyzed by myeloperoxidase, is also responsible for the 
anti-inflammatory activity of taurine since TauCl inhibits 
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the production of pro-inflammatory cytokines, inhibits the 
increase of nitric oxide and prostaglandin E2, reduces the 
activity of matrix metalloproteinases, and initiates leukocyte 
apoptosis to terminate acute inflammation (16,35).

The antimicrobial, antioxidant, and anti-inflammatory effects 
of TauCl and TauBr have enabled these agents to be used 
clinically, especially in the local treatment of infectious and 
inflammatory diseases (35). Nagl et al. reported that a 1-2% 
Lyc topical solution of N-chlorotaurine (NCT), a N-chloral 
derivative of taurine, was well tolerated by patients with 
bacterial conjunctivitis and was effective within 3-5 days (36). 
In the study by Neher et al., it was reported that NCT is a very 
well tolerated and highly effective drug for external otitis 
(37). In another study conducted by Neher A. et al., irrigation 
of nasal and paranasal sinuses was performed three times 
a week for a month in patients with chronic sinusitis, and 
NCT was applied. No toxic side effects were observed in the 
patients, and positive results including an increase in nasal 
breathing and ability to smell were obtained. It is not clear 
whether the positive results were due to NCT or irrigation 
(38). In the study by Nagl M. et al., the use of 1% NCT for five 
days was sufficient to eliminate the clinical signs of infection 
in infected leg ulcers, and NCT has also been reported to 
significantly suppress pain and granulation tissue formation 
and to accelerate re-epithelization (39). In addition, studies 
are available reporting that it is effective against the HIV27 
virus (40).

Marcinkiewicz et al reported that the use of topical TauBr in 
acne vulgaris patients resulted in clinical improvement and 
could be a new treatment option for inflammatory acne (41).

In addition to successful topical treatments for various 
diseases, the rapid degradation of TauCl and TauBr in 
the systemic circulation limits the systemic use of these 
agents (35). The use of 5-aminosalicyltaurine (5-ASA-Tau), 
a colon-specific pro-drug administered orally in previous 
experimentally induced colitis (42) and dietary taurine 
supplementation in experimentally induced colitis mice in 
another study (43) yielded successful treatment outcomes. 
Based on these data, taurine supplementation can be 
considered a systemic treatment option when necessary in 
the treatment of diseases.

5. CONCLUSION

The result of this study showed that decreased serum 
taurine levels are associated with CRS. Identification of this 
relationship has shown that serum taurine levels may be 
another factor in the aetiology of CRS. In addition, both in 
vitro and clinical studies have shown that the use of taurine 
and taurine derivatives in the treatment of many infections 
and inflammatory diseases showed positive results. Based on 
this, we consider that taurine supplementation and/or nasal 
topical administration in CRS can be a supportive treatment 
option.
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ABSTRACT

Objective: The aim of this study was to determine the levels of homophobic attitudes and related factors among senior students at a university 
in Turkey.

Methods: The descriptive study sample consisted of 317 senior undergraduate students who met the inclusion criteria and accepted 
to participate in the study between March 20 and April 24, 2017. The study data were collected using the “Personal Information Form” to 
determine the socio-demographic characteristics of the students and “Hudson-Ricketts Index of Homophobia” to determine their homophobic 
attitudes. Descriptive statistics, the independent samples t-test (Student’s t-test) for the comparison of two groups and the one-way ANOVA 
test for the comparison of the means of more than two groups were used in the analysis of the data.

Results: In the study, it was determined that 156 (49.2%) students had low levels homophobic attitudes and 148 (46.7%) students had high 
levels homophobic attitudes. In addition, it was found that 13 (4.1%) students got 87 points and had neutral level homophobic attitudes. Among 
the students who participated in the study. it was found that the homophobic attitude levels of the students who were women and who had 
individuals with different sexual orientation in their social environment were found to be lower (p<0.05).

Conclusion: In this study, it was determined that university students have homophobic attitudes and the factors affecting homophobic attitudes 
of university students are gender and having different sexual orientation in the social environment.
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University Students’ Attitudes Toward Homophobia and 
Related Factors

1. INTRODUCTION

Sexual orientation is a phenomenon related to who an 
individual is attracted to in emotional romantic and sexual 
terms and is different from sexual identity. While sexual 
identity is about who the individual is (female, male, 
transgender), sexual orientation is related to the individual 
that the individual is interested in (1). Sexual orientation is not 
a feature chosen by the individual’s own will, it is a condition 
that exists outside the will of the individual (2). Sexual 
orientation is not related to biological sex. Homosexuality, 
which emerges when the individual is directed to her/his 
own gender is not a disease but an orientation difference 
(2,3). The World Health Organization (WHO) states that 
homosexuality is a form of identity and existence that 
encompasses the private and public spheres of life (4).

 Widely accepted opinion in the society is that each 
individual should be heterosexual, in other words, there 
should be no orientations other than heterosexuality. 
Homophobia resulting from this thought advocates the 
view that the identities of non-heterosexual individuals 
should be destroyed or kept secret (2). The Sexual Health 
Institute Association defines homophobia as behaviours and 

attitudes involving unfair judgments against homosexuals 
and homosexuality such as irrational hatred hate and 
humiliation (7). Since homophobia is a situation that is 
shaped and learned in the society, attitudes and behaviours 
towards sexual orientation may change over time (8). Today 
attitudes and behaviours of the society towards individuals 
with a different sexual orientation are usually negative and 
therefore these individuals have problems about being a part 
of the society. These problems are seen as discrimination 
and exclusion at the level of interpersonal relations and 
as ignorance and marginalization at the level of the entire 
society (5,6). In male-dominated societies such as Turkish 
society, attitudes towards sexual orientation differences may 
often be negative. Children raised in patriarchal societies 
can more easily internalize the gender roles identified by the 
society. This causes development of gender inequality and 
homophobia indirectly (9).

The educational experience of individuals in the society is 
one of the important tools in the development of prejudices 
and attitudes towards individuals with a different sexual 
orientation. Studies with university students showed that the 
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majority of students had negative attitudes towards individuals 
with a different sexual orientation (10-21). Şah, for example 
found that university students’ and graduates’ knowledge of 
sexual orientations was neither scientific nor accurate and that 
this knowledge often emerged as daily information learned 
through social practices (22). The study conducted by Sadıç 
and Beydağ shows that nursing students’ attitudes towards 
lesbians and gays are at a medium level (23). Strong and Folse’s 
study with nursing students revealed that the participants’ 
attitudes towards lesbian, gay, bisexual, transgender and 
intersex (LGBTI) individuals were more positive after their 
education than their pre-education period (24).

As can be seen university education process is very important 
in adopting positive attitudes towards homosexuals. Also, 
exclusion and discrimination faced by individuals with 
a different sexual orientation can be prevented during 
this period. This process can become an effective tool for 
students to gain awareness of gender roles and to exhibit 
more tolerant attitudes towards sexual differences. Thus, 
it is thought that the exclusion and discrimination faced by 
homosexual individuals can be prevented. In this context, 
this study aimed to determine the levels of homophobic 
attitude of university students and related factors.

2. METHODS

2.1. Study Design and Participants

The population of this descriptive study consisted of 4505 
senior students studying at the faculties and vocational 
schools in the central campuses of a state university in 
Turkey during 2016-2017 academic year. Prior to the data 
collection stage, necessary approval was obtained from 
this university Social Sciences Research Ethics Committee 
(Approval Date and Number: 15/03/2017, 2017/19). Before 
the data collection forms were administered, the students 
were informed about the purpose of the research and their 
verbal and written permission was obtained.

The study sample was selected using stratified sampling. The 
sampling formula with a known universe used in this study is 
shown below. The t value in this formula is the value for the 
selected alpha level 1.96 for a 95% confidence level. Based 
on the calculations, it was determined that a sample size of 
354 students (171 female, 183 male students) would be large 
enough to represent the population. However, 37 students 
who could not be reached due to various reasons (e.g. 
student absenteeism, refusal to participate in the research, 
etc.) were not included in the sample and, therefore, the 
sample consisted of 317 (166 female, 151 male) students.

2.2. Data Collection and Instruments

Data were collected using a personal information form and 
the Hudson-Ricketts Index of Homophobia (HRIH). The data 
collection forms were filled in by the students between 
March 20 and April 24, 2017. It normally took 15 minutes 
on average to answer all the questions of the data collection 
forms.

The Personal Information Form

This form prepared by the researchers based on the relevant 
literature contains 12 questions about the students’ descriptive 
information and the characteristics that are thought to affect 
their perspective on homosexuality (12-21,23-27).

The Hudson-Ricketts Index of Homophobia (HRIH)

The Hudson-Ricketts Index of Homophobia (HRIH) was 
developed as a 25-item scale by Hudson and Ricketts (1980) to 
measure attitudes towards homosexual individuals. The HRIH 
was adapted into Turkish by Sakallı and Uğurlu by omitting 
one of the 25 items in the original version. Each of the items 
is scored on a six-point Likert scale (1=Strongly Disagree 
to 6=Strongly Agree). In the scale, the response “Strongly 
Disagree” is considered as a positive cultural value and the 
response “Strongly Agree” is considered as a negative cultural 
value. The scores range from 24 to 144 with higher scores 
indicating higher levels of homophobia. After reversing the 
polarity of several questions (i.e. Items 5, 6, 8, 10, 11, 13, 17, 18, 
23 and 24) and summing the individual items, the total score 
on the scale measures self-reported amount of homophobia. 
The median value of the total score was calculated and the 
participants were divided into two categories according these 
scores: low and high homophobia levels. The total Cronbach’s 
alpha coefficient of the Turkish version of the HRIH was 
determined to be .94 (28). In our study, the Cronbach’s Alpha 
coefficient of internal consistency was found to be .95.

2.3. Statistical Analysis

Data were analysed using SPSS 22.0 (Statistical Program for 
the Social Sciences) for Windows. Descriptive statistics were 
given as percentage, mean standard deviation,n minimum 
and maximum values. As a result of the statistical analyses, 
it was found that the data showed normal distribution and 
the variances were homogeneous. An independent samples t 
test was used to compare two groups and a one-way ANOVA 
was used to compare three and more groups. The significance 
level of the tests was set at p<0.05.

3. RESULTS

The sample comprised of 317 undergraduate university 
students, of which 166 (52.4%) were female and 151 (47.6%) 
were male, while 94.6% were single. The mean age of the 
students was 23.24 years (±1.56). The students came from 
various departments of the university but majority were from 
faculty of science and literature (26.2%), faculty of engineering 
(19%) and faculty of economics and administrative sciences 
(14.6%). Other sociodemographic characteristics of the 
students are shown in Table 1. Descriptive analysis was 
carried out to evaluate the students’ level of homophobic 
attitudes. The results showed that in total, almost half of 
the sample and namely 156 (49.2%) of the students had low 
levels homophobic attitudes, 148 (46.7%) had high levels 
homophobic attitudes and only 13 (4.1%) of the students had 
neutral level homophobic attitudes (Table 2).
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The mean HRIH scores of the male students (91.82±26.57) 
were higher than the mean HRIH scores of the female 
students (81.04±24.80) (p<0.05). The mean HRIH scores 
of the students who had individuals around them with a 
different sexual orientation (73.61±22.65) were lower than 
the HRIH mean scores of the students who did not have 
such individuals around them (90.49±25.95) (p<0.05). It 
was determined that there was no statistically significant 
relationship between the students’ mean age and their mean 
HRIH scores (r=-0.004, p>0.001) (Table 3).

Table 1. Distribution of the students’ socio-demographic 
characteristics (n=317)

Socio-Demographic Characteristics X ̄±SS
Age 23.2±1.56

Frequency
 (n)

Percentage
(%)

Sex
Female 166

151
52.4

Male 47.6
Marital status
Single 300

17
94.6

Married 5.4
Departments
Faculty of science and literature 83 26.2
Faculty of engineering 60 19.0
Faculty of economics and administrative 
sciences

46 14.6

Faculty of education 38 11.7
Faculty of nursing 20 6.3
Faculty of communication 14 4.5
Faculty of medicine 11 3.5
Faculty of fine arts 11 3.5
Faculty of architecture 8 2.5
Faculty of tourism 8 2.5
Faculty of pharmacy 8 2.5
Faculty of sports science 5 1.6
Faculty of aquaculture 5 1.6
Type of high school graduated
Anatolian high school 154 48.6
Regular high school 126 39.7
Vocational high school 37 11.7
Family income status
Income equals to spending 203 64.0
Income more than spending 71 22.4
Income less than spending 43 13.6
Type of family
Nuclear 237

80
74.8

Extended 25.2
Longest living place
City 191 60.3
District 92 29.0
Village 34 10.7
Presence of individuals with a different sexual 
orientation in social environment
No 236

81
74.4

Yes 25.6

Table 2. Distribution of the students’ Hudson-Ricketts Index of 
Homophobia score means (n=317)

Hudson-
Ricketts Index 

of Homophobia 
Median Values

Frequency
(n)

Percentage
(%)

Total Score
X ̄±SS

Low Level of 
Homophobia

<87 156 49.2 64.86±15.67

High Level of 
Homophobia

>87 148 46.7 108.58±15.07

Neutral 
Homophobia

87 13 4.1 87.00

Table 3. Distribution of the students’ Hudson-Ricketts Index of 
Homophobia score means according to their characteristics (n=317)

Socio-Demographic 
Characteristics

Frequency
 (n)

Total Score
X ̄±SS

P

Age 317 23.2±1.56 0.947*

r – 0.004
Sex
Female 166

151
81.04±24.80
91.82±26.57

<0.001**

Male
Marital status
Single 300

17
85.92±26.14
90.70±27.18

0.465**

Married
Type of high school graduated
Anatolian high school 154

126
37

87.67±25.97
83.63±26.36
88.64±26.42

0.365***Regular high school
Vocational high school
Family income status
Income equals to spending
Income more than spending

203
71
43

87.56±26.00
83.64±26.44
83.86±26.71

0.458***

Income less than spending
Type of family
Nuclear 237

80
85.08±26.81
89.45±24.08

0.197**

Extended
Longest living place
City 191

92
34

85.82±26.75
84.75±24.03
92.05±28.44

0.365***District
Village
Presence of individuals with a different sexual
orientation in social environment
No 236

81
90.49±25.95
73.61±22.65

<0.001**

Yes

 * Pearson Correlation Coefficient
** Student’s t-test
***ANOVA Test

4. DISCUSSION

Negative attitudes towards homosexuality in the society 
lead to many social problems such as the exclusion and 
discrimination of homosexual individuals and their inability 
to express their sexual preferences. Therefore, homophobia 
appears as an important research topic to be investigated.

In this study, the majority of the senior students (49.2%) were 
found to have low levels of homophobic attitudes. On the 
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other hand, in our study, it was striking that there were also a 
considerable number of students (46.7%) with high levels of 
homophobic attitudes. The study of Sadıç and Beydağ shows 
that nursing students’ attitudes towards lesbians and gays 
are at a moderate level (23). In the study of Gromer et al., 
it was found that students displayed a moderate amount of 
sexual prejudice toward lesbian and gay people (27). The fact 
that the homophobic attitudes of senior students were low in 
our study made us think that the students gained awareness 
about homophobia during the university education process.

Considering other studies conducted with university 
students, it was seen that contrary to the results of our study, 
students mostly exhibited homophobic attitudes (10,19-21) 
and had negative attitudes towards lesbians and gays (11-
14,16,18,22). In the study conducted by Bakır Ayğar et al. 
(2015) with students studying at Mersin University Faculty 
of Education, it was determined that students’ homophobic 
attitudes were high (15). Kara’s study with 97 university 
students (2018) found that 55 students had lower levels of 
homophobic attitudes while 42 students had higher (29). In 
a study by Varol et al. (2016), more than half of the students 
(53.6%) agreed with the statement, “I hate it when I see a 
man acting like a woman” (30). To sum up, we found that 
the homophobic attitudes were found to be low in the 
majority of the senior students in contrast with other similar 
studies in the literature. This result could have been caused 
by education given to the students until the senior year. 
University education and the different social interactions that 
might occur during this period may be effective in reducing 
homophobic attitudes.

In our study, the levels of homophobic attitudes of male 
students were found to be higher than female students. This 
result is also confirmed by other studies in the literature 
(11,12,14-17,20-23,27,29,31). In the studies, it is striking 
that male students have more negative attitudes towards 
male homosexuals (gays). In some of these studies, it is also 
emphasized that male individuals see gays as a “threat to the 
ideal male perception in society” (27,32). Additionally it is 
stated in these studies that men adopt the attributed gender 
roles especially by the patriarchal society more than women 
(10,31,33). This finding we obtained in the study may be due 
to the adoption of gender roles by male students who grew 
up in patriarchal societies.

In our study, homophobic attitude levels of students who 
have communication with individuals with different sexual 
orientations in their social environment were found to be 
lower than other students (Table 3). Consistent with our 
findings, similar studies found that participants who were 
acquainted with homosexual individuals and who had social 
relations with such individuals had more positive attitudes 
towards homosexuality than others (11,14,19-21,23,31). A 
study conducted by Rowniak found that students who stated 
that there were no individuals in their social environment 
with a different sexual orientation had higher levels of 
homophobic attitudes (34).

In the study of Gromer et al., it was found that, contrary to 
our findings, the levels of homophobic attitudes of university 
students did not change with personal acquaintance with a 
gay or lesbian person (27). As shown by the findings from 
our study and other comparable studies, prejudice and 
negative attitudes towards individuals with a different sexual 
orientation may change positively with the presence of social 
connections with these individuals. These social ties can help 
students to understand the difficulties experienced and felt 
by individuals with a different sexual orientation, to enable 
students to empathize with them, and to decrease their 
homophobic attitudes gradually.

5. CONCLUSION

In this study, university students were found to have 
homophobic attitudes. In addition, the homophobia level 
of male students and students who are not gay or lesbian in 
their social environment were determined to be higher.

In many courses and field practices during the education 
process, university students should be informed about the 
psychosocial and cultural characteristics of groups such as 
children, youth, women, elderly, refugees who are exposed 
to prejudice, discrimination, marginalization, exclusion and 
even stigmatization. In the courses included in the curriculum, 
efforts should be made to increase awareness and acceptance 
of human and professional values, especially social justice, 
human rights, respect for differences and the right to self-
determination. Different and various educational or drama-
type practices should be carried out that positively change 
homophobic and heterosexist perceptions and attitudes 
towards students. The fact that individuals have social 
relations and connections with is homosexual individuals 
effective in reducing homophobic attitudes should be taken 
into consideration. The inclusion of homosexual individuals 
as participants in educational studies and lessons can have 
positive effects on the perception and attitude change 
of students. In addition, seminars and panels focusing 
on workshops aimed at reducing homophobic attitudes 
and behaviors can be organized. In all these activities, the 
participation of especially male students can be increased.

Limitation of the Study

The research is limited to university students. Since 
this research was conducted with students of only one 
universitythe results cannot be generalized to students 
studying at different universities.
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ABSTRACT

Objective: This study was designed to examine the potential protective effects of Rheum ribes L., and quercetin on protein carbonyl (PCO) 
in kidney and liver tissue, trace elements (Fe, Cu, Zn) and mineral (P) in serum samples in Wistar rats of carbon tetrachloride (CCl4)-induced 
oxidative damage.

Methods: The 2, 4-dinitrophenylhydrazine (DNPH) method is the most reliable method widely used to measure carbonyl levels in proteins. In 
this study, the effect of Rheum ribes L. (Rr) and quercetin on protein carbonyl, trace elements (Fe, Cu, Zn) and mineral (P) levels against carbon 
tetrachloride (CCl4) mediated liver and kidney damage was investigated. For this purpose, 56 Wistar albino female rats weighing 200 ± 220 g 
were used. Groups were designed as: controls, 0.3 ml DMSO, 1 ml/kg olive oil, 1 ml/kg CCl4, 100 mg/kg Rr, 100 mg/kg quercetin, 100 mg/kg 
Rr+1 ml/kg CCl4 and 100 mg/kg quercetin+1 ml/kg CCl4 groups.

Results: The results showed that the CCl4 group had significantly higher level of protein carbonyl (PCO) than the control, DMSO, olive oil, Rr 
and quercetin groups (p<0.001, p<0.05, p<0.001, p<0.01, and p<0.01, respectively). A significant elevation in the group of CCl4 + quercetin, 
compare to control, DMSO, olive oil, Rr and quercetin groups (p<0.001, p<0.05, p<0.001, p<0.01, and p<0.05, respectively) in the liver tissue. 
Additionally, the CCl4 group had significantly higher level of PCO than the control, DMSO, olive oil, Rr and quercetin groups (p<0.001, p<0.01, 
p<0.001, p<0.001, and p<0.001, respectively). Similarly, the CCl4 + Quercetin group had increased level of PCO compared to the control and 
Rr.groups (p<0.05 and p<0.05) in the kidney tissue.

Conclusion: In the study, it was seen that the bioactive substances in Rheum ribes L. (root) and quercetin, a standard antioxidant, could be an 
alternative against the toxic effect of CCl4.

Keywords: Carbon tetrachloride, protein carbonyl, quercetin, rheum ribes L., trace elements.
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The Protective Effect of Rheum Ribes L., and Quercetin on 
Protein Carbonyl Levels Against Carbon Tetrachloride-Induced 
Liver and Kidney Damage in the Rats

1. INTRODUCTION

Proteins, which are among the most common organic 
molecules in living things, are molecules with much different 
functionality, since they participate in the structure of 
enzymes and hormones in living systems. Proteins constitute 
the main “working force” for all biological processes (1). 
Although the folding pattern of proteins and their precise 
three-dimensional structure, their tight dependence on their 
activities and functions (1) make research difficult, they are 
at an important and critical point in the diagnosis of diseases. 
Almost all vital function depends on this macromolecule 
class (2). Because of all these functions of proteins and their 
abundance in biological systems and high rate constants for 
reactions, they are the main targets for oxidants (3). For all 
these reasons, the living organism is exposed to a system 
that produces reactive oxygen species (ROS) that can damage 
nucleic acids, lipids and proteins (4).

Although some signs of oxidative stress such as DNA damage 
and lipid peroxidation have been extensively evaluated and 
reliable biomarkers have been found to determine the degree 
of damage associated with it, the attack of ROS on proteins 
and protein carbonyl formation is a newly investigated topic 
(5,6).

Carbonyl groups are introduced into proteins by various 
oxidative means, particularly by metal catalyzed oxidation 
(MCO) of specific protein amino acid side chains or 
the addition of carbonyl-containing oxidized lipids 
(4-hydroxynonenal, malondialdehyde) or sugars (7). Protein 
oxidation is expressed as covalent change of proteins 
induced directly by free radicals such as hydrogen peroxide 
(H2O2) and hydroxyl (OH-) and/or indirectly induced by the 
reaction with secondary products of oxidative stress (8). 
Protein carbonyl (PCO) products are formed as a result of 
damage to the amino acid residue or peptide backbone such 
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as histidine (His), proline (Pro), arginine (Arg) and lysine (Lys) 
as a result of the interaction of reactive oxygen species (ROT) 
mentioned above with proteins. This damage is irreversible 
and responsible for cell death (8).

It is a fact that protein oxidation that occurs in certain 
situations will be protected by the existing environmental, 
genetic and dietary factors, as well as affect the balance 
between antioxidant and peroxidant activities (4).

The antioxidant activities of natural products are 
generally observed in phenolic compounds. Quercetin is a 
common ingredient found in many fruits and vegetables. 
Quercetin, a plant-derived flavonoid, is thought to have a 
multifunctional molecular structure and may act partially 
through a mitochondrial mechanism, although its biological 
properties and underlying mechanisms of action are not 
fully known (9). Recent studies have shown that quercetin 
exhibits antioxidative, anti-inflammatory and anti-apoptosis 
properties, and also protects the liver from damage caused 
by hepatoxins (10). Rheum ribes L., belonging to the 
Polygonacea family, is a perennial herbaceous plant that 
grows in the Eastern Anatolia Region in Turkey. It has been 
reported that the leaves and body of the plant are sour and 
strengthens the stomach (11). It has been shown in studies 
that the content of the Rheum ribes L. plant contains high 
phenolic content and is rich in Fe, Zn and vitamin C (12, 
13). Chemical components of anthraquinone and stilbene 
have been identified in the roots of Rheum ribes L. (14). 
Anthraquinones stimulate fluid balance, electrolyte exchange 
and colon smooth muscle movement.

The aim of this study is to determine the effects of quercetin 
and Rheum ribes L., which have important antioxidant effects, 
on protein carbonyl in liver and kidney tissues damaged with 
carbon tetrachloride (CCl4).

2. METHODS

2.1. Chemical Reagents

All chemicals and reagents used were of analytical grade. 
Quercetin (sigma, USA), 10% DMSO, (sigma, USA), CCl4 
(sigma-Aldrich, USA), Guanidin-HCl (sigma, USA), Olive oil 
(Turkiye)

2.2. Plant Material and Extraction

Rheum ribes L. plant used in the study was collected from the 
Van region in May – June 2017. Since the ingredients of the 
product in the spring are at the highest level, the products 
grown in the spring were selected. The sample material 
was recorded by performing the necessary identification 
procedures in the herbarium of Rheum ribes L. (root), Van 
YYU Faculty of Science, Department of Biology.

The water extraction of Rheum ribes L. roots was performed 
by modifying the decoction method used by Eddouks et al. 
(15). 10 grams of ground Rheum ribes L. roots were boiled 
in 100 ml distilled water at 250 rpm for 10 minutes and 

then allowed to cool for 15 minutes. Then, the water of the 
extract, which was filtered through Watman filter paper, 
was placed in 50 mm falcon tubes (not exceeding 1/3 when 
tilted) and kept at – 80 °C for a week, and then lyophilized 
in a – 80 °C lyophilizer for 48 hours. The yield of the extract 
obtained was calculated to be 5.184%. After determining the 
yield, dose calculations were made in the rats according to 
their weights and the amount of plant to be given daily was 
determined. The plant extracts prepared daily by decoction 
method for 7 days were dissolved in 15 ml of distilled water 
and vortexed sufficiently and then kept in closed glass bottles 
until the time of application. It was given to rats by gavage at 
10.00 every day throughout the study. Rheum ribes L., plant 
was administered to the fifth and seventh groups throughout 
the study at a dose of 100 mg/kg.

2.3. Preparation of Quercetin

 Quercetin was administered daily at a dose of 100 mg / kg to 
the sixth and eighth groups by oral gavage.

2.4. Preparation of Dimethyl Sulfoxide (DMSO)

DMSO (% 10) was added daily to 5 ml of distilled water and 
25 μl was administered to the second group as 0.3 ml / kg by 
oral gavage.

2.5. Preparation of CCl4

CCl4 was mixed with olive oil at a ratio of 1:1 and administered 
intraperitoneally as a single dose to the fourth, seventh and 
eighth groups on the 7th day as 1ml / kg.

2.6. Animals

In this study, 56 female Wistar albino rats were used. Rats at 
Van Yüzüncü Yıl University Experimental Medicine Application 
and Research Center; it was fed with standard pellet at room 
temperature set to 22 ± 2 oC, illuminated at a rhythm of 12 
hours light – 12 hours dark. The rats were kept in standard 
plastic cages with free feed and water intake. Before starting 
the study, the study approval (decision dated 27.02.2020 
and numbered 2020/02) was obtained from Van Yüzüncü Yıl 
University, Animal Experiments Local Ethics Committee.

2.7. Establishment of Experimental Groups and Experiment 
Plan

In the study, 8 groups were formed with 7 rats in each group.

1. Group (n= 7): It was determined as the control group and 
fed with normal water and standard pellet feed for 7 days.

2. Group (n=7): DMSO group (0.3 ml intragastrically) was 
determined and administered for 7 days.

3. Group (n=7): Olive oil group (1 ml/kg intraperitoneal) was 
determined and a single dose was administered on the 7th 
day.
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4. Group (n=7): Carbon tetrachloride group (1 ml/kg 
intraperitoneal, dissolved in olive oil 1:1 ratio) was determined 
and a single dose was administered on the 7th day.

5. Group (n=7): Rheum ribes L. (root) water extract group (100 
mg/kg intragastrically) was determined and administered for 
7 days.

6. Group (n=7): The quercetin group was determined (100 
mg/kg intragastrically) and administered for 7 days.

7. Group (n=7): Rheum ribes L. (root) water extract (100 mg/
kg intragastrically) was administered for 7 days and carbon 
tetrachloride (1 ml/kg in intraperitoneal olive oil at a ratio of 
1:1) as a single dose on the 7th day.

8. Group (n=7): Quercetin was administered (100 mg/kg 
intragastrically) for 7 days and carbon tetrachloride (1 ml/kg 
intraperitoneal, 1:1 in olive oil) as a single dose on the 7th day.

2.8. Performing Tissue Homogenate Processes

Liver and kidney tissues taken from rats were kept at – 65 ºC 
and gradually dissolved until they reached room temperature. 
Tissue extraction process for protein carbonyl determination 
method in tissues was performed as follows. For the 
extraction, 1 mL of buffer containing 6.8 g of KH2PO4 and 2.92 
g of EDTA was prepared. 0.5 g of kidney and liver tissue was 
weighed in a precision balance (Denver instrument SI-234) 
and put into tubes and 2 mL of buffer was added. Tissues 
were homogenized on ice until disintegrated and a further 3 
mL buffer was added again. Then it was centrifuged at +4 ºC 
in a cooled centrifuge (EBA 20 Hettich) device at 9500 rpm 
for 10 minutes. Clear supernatants obtained from liver and 
kidney tissue were made ready for analysis (16).

2.9. Protein Carbonyl Determination Method

PCO content in liver and kidney tissues were determined 
according to the method described by Reznick and Packer 
(17). The basic principle protein carbonyl derivatives are 
one of the most used markers in the detection of oxidative 
protein damage. The formation of derivatives of carbonyl 
groups with 2-4 dinitrophenylhydrazine (DNPH) is followed 
by the formation of dinitrophenylhydrozane (DNP) products. 
Finally, the DNP formation was determined at 360 nm at 
UV. The value found was expressed as nanomole protein 
carbonyl per mg.

2.10. Trace Element and Mineral Determination

Trace element (Cu, Zn, Fe) and mineral (P) analyzes measured 
in serum were performed using inductively coupled plasma-
optical emission spectrometry (ICP-OES).

2.11. Statistical Analysis

The results are presented as means ± the standard error of 
the mean (X±SEM). Variance analysis (ANOVA) was applied. 
Tukey’s test was applied for post hoc comparison. Statistical 

significance was considered as p<0.05. The statistical analysis 
was carried out using SPSS®, version 23.0 statistical software 
(SPSS Inc. Chicago Ill, USA).

3. RESULTS

Within the scope of our study, the protein carbonyl (PCO) data 
in the liver and kidney tissues of the rats and the comparison 
of the liver PCO levels between the groups are given in table 
1, and the comparison of the PCO levels in the kidney tissue 
is given in the Table 2.

Statistical analysis showed that in the CCl4 group was 
significantly higher than the control, DMSO, Olive oil, Rheum 
ribes L., and Quercetin groups in the PCO levels (p<0.00, 
p<0.05, p<0.001, p<0.01, and p<0.01, respectively). However, 
CCl4 + Quercetin group was also significantly higher than 
control, DMSO, Olive oil, Rheum ribes L., and Quercetin 
groups regarding PCO levels (p<0.001, p<0.05, p<0.001, 
p<0.01, and p<0.05, respectively) in the liver. (Table 1 and 
Figure 1).
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Fig 1. Comparison of protein carbonyl (PCO) levels between liver 
tissue control, DMSO, olive oil, CCl4, Rheum ribes L., quercetin, CCl4 
+ Rheum Ribes L.ve CCl4 + quercetin groups. (Different letters on the 
error bars represent mean significant difference).

Table 1 demonstrates Protein carbonyl (PCO) values in 
control, DMSO, olive oil, CCl4, Rheum ribes L., quercetin, CCl4 

+ Rheum Ribes L.ve CCl4 + quercetin groups in the liver and 
kidney tissues.

Table 1. Protein carbonyl (PCO) findings of control, DMSO, olive 
oil, CCl4, Rheum ribes L., quercetin, CCl4 + Rheum Ribes L.ve CCl4 + 
quercetin groups in the liver and kidney tissues.

Groups/Parameters Liver PCO (nmol/mg 
prot.)

Kidney PCO (nmol/mg 
prot.)

Control 0,56 ± 0,10a,a1 1,05 ± 0,06a,c

DMSO 0,77 ± 0,05c,c1 1,15 ± 0,11b

Olive oil 0,57 ± 0,19a2,a3 1,09 ± 0.09a1

CCl4 1,34 ± 0,06a,c,a2,b,b1 1,74 ± 0,08a,b,a1,a2,a3

Rheum ribes L. 0,65 ± 0,12b,b2 1,08 ± 0,10a2,c1

Quercetin 0,75 ± 0,08b1,c2 1,07 ± 0,09a3

CCl4 + Rheum ribes L. 1,03 ± 0,16 1,46 ± 0,16
CCl4 + Quercetin 1,33 ± 0,04a1,c1,a3,b2,c2 1,53 ± 0,04c,c1

a,a1,a2,a3:p<0.001, b,b1,b2: p<0,01, c,c1,c2: p<0.05 (different letters in 
superscripts represent statistically significant differences between groups).



590Clin Exp Health Sci 2022; 12: 587-593 DOI: 10.33808/clinexphealthsci.943255

The Protective Effect of Rheum Ribes L., and Quercetin on Carbon Tetrachloride-Induced Liver and Kidney Damage Original Article

According to the statistical analysis in kidney tissue, PCO levels 
were significantly higher in the CCl4 group than the control, 
DMSO, Olive oil, Rheum ribes L., Quercetin groups (p<0.001, 
p<0.01, p<0.001, p<0.001 and p<0.001, respectively). 
Moreover, PCO were increased in CCl4 + Quercetin group 
compared to control and Rheum ribes L. groups (p<0.05, and, 
p<0.05) (Table 1, Figure 2).
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Fig 2. Comparison of protein carbonyl (PCO) levels between kidney 
tissue control, DMSO, olive oil, CCl4, Rheum ribes L., quercetin, CCl4 
+ Rheum Ribes L.ve CCl4 + quercetin groups. (Different letters on the 
error bars represent mean significant difference).

Table 2 shows the trace element (Cu, Zn, Fe) and mineral (P) 
levels between control, DMSO, olive oil, CCl4, Rheum ribes L., 
quercetin, CCl4 + Rheum Ribes L.ve CCl4 + quercetin group.

Table 2. Trace element (Cu, Zn, Fe) and mineral (P) levels between 
control, DMSO, olive oil, CCl4, Rheum ribes L., quercetin, CCl4 + 
Rheum Ribes L.ve CCl4 + quercetin group

Groups/
Parameters

Cu (µmol/L) Zn (µmol/L) Fe (mmol/L) P 
(mmol/L)

Control 0,95 ± 0,11 3,15 ± 0,06a 0,118 ± 0,0001 6,34± 
0,43c,b

DMSO 1,16 ± 0,16 3,58 ± 
0,07a,a1,c,b,c1,b1

0,116 ± 0,0007 4,47± 
0,25c,b1

Olive oil 1,04 ± 0,10 3,15 ± 0,05a1 0,118 ± 0,0004 6,32± 
0,33b1,b2

CCl4 1,32 ± 0,13 3,39 ± 0,06 0,117 ± 0,0009 4,29± 
0,30b,b2,c1

Rheum ribes L. 0,99 ± 0,09 3,26 ± 0,07c 0,118 ± 0,0004 6,07± 
0,26c1

Quercetin 1,03 ± 0,11 3,22 ± 0,06b 0,117 ± 0,0003 5,55 ± 
0,38

CCl4 + Rheum 
ribes L.

1,11 ± 0,14 3,25 ± 0,04c1 0,118 ± 0,0006 5,44 ± 
0,42

CCl4 + 
Quercetin

1,17 ± 0,17 3,22 ± 0,08b1 0,117 ± 0,0009 5,50 ± 
0,42

a,a1:p<0.001, b,b1,b2: p<0,01, c,c1,c2: p<0.05 (different letters in superscripts 
represent statistically significant differences between groups).

The trace element (Cu, Zn, Fe) and mineral (P) levels were 
measured in serum in our study and the proportional 
findings between these elements are shown in table 2. 
Regarding the zinc (Zn) trace element findings, between the 
group treated with 0.3 ml DMSO and the control group and 
the group treated with 1 ml kg-1 olive oil (p<0.001), between 
the group administered 100 mg kg-1 quercetin and the 

group treated with CCl4 + quercetin (p<0.01) and between 
the group administered 100 mg kg-1 Rheum ribes L. and the 
group treated with CCl4 + quercetin (p <0.05), a significant 
relationship was found (Table 2). No significant relationship 
was found between the control group and other groups in 
terms of Cu and Fe trace element levels (Table 2).

The CCl4 group was also significantly lower than control, 
Olive oil and Rheum ribes L. groups regarding P level (p<0.01, 
p<0.01 and p<0.05, respectively), whereas the DMSO group 
had decreased level of P comparing with control and Olive oil 
groups (p<0.05 and p<0.01).

The mean ratio trace element and mineral Zn/Cu, P/Zn, P/Fe 
and Zn/Fe in the control, DMSO, olive oil, CCl4, Rheum ribes 
L., quercetin, CCl4 + Rheum Ribes L.ve CCl4 + quercetin groups 
are shown in Table 3 (Figure 3).
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Fig 3. Comparison of zinc (Zn) element and phosphorus (P) mineral 
levels in serum control, DMSO, olive oil, CCl4, Rheum ribes L., 
quercetin, CCl4 + Rheum Ribes L.ve CCl4 + quercetin groups. 
(Different letters on the error bars represent mean significant 
difference).

Table 3. Findings of the ratio trace element and mineral Zn/Cu, P/Zn, 
P/Fe and Zn/Fe in the control, DMSO, olive oil, CCl4, Rheum ribes L., 
quercetin, CCl4 + Rheum Ribes L.ve CCl4 + quercetin groups

Groups/
Parameters

Zn/Cu P/Zn P/Fe Zn/Fe

Control 3,55 ± 0,38 2,02 ± 
0,13a,b

54,01 ± 
3,93b,c

26,80±0,73b

DMSO 3,81 ± 1,02 1,25 ± 
0,06a,a1,c

38,75 ± 
2,22c,c1

30,98 ± 
0,58a,b,b1,c,c1,c2

Olive oil 3,25 ± 0,36 2,01 ± 
0,13a1,b1

53,67 ± 
2,71b1,c1

26,8 ± 0,49a

CCl4 2,75 ± 0,35 1,27 ± 
0,11b,b1,c1

36,76 ± 
2,43b,b1,c2

28,93 ± 0,73

Rheum ribes L. 3,47 ± 0,36 1,86 ± 
0,10c,c1

51,77 ± 
2,22c2

27,71 ± 0,70c

Quercetin 3,38 ± 0,39 1,73 ± 0,12 47,49 ± 3,30 27,53 ± 
0,56c1

CCl4+Rheum 
ribes L.

3,25 ± 0,44 1,65 ± 0,11 46,17 ± 3,66 27,6 ± 0,44c2

CCl4+Quercetin 3,23 ± 0,54 1,72 ± 0,14 46,86 ± 3,68 27,43 ± 
0,90b1

a,a1:p<0.001, b,b1: p<0,01, c,c1,c2: p<0.05 (different letters in superscripts 
represent statistically significant differences between groups).
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The results showed that the CCl4 group had significantly lower 
levels of P/Zn ratio than the control, Olive oil and Rheum 
ribes L.groups (p<0.01, p<0.01, and, p<0.05, respectively). 
Additionally, the DMSO group had significantly lower levels 
of P/Zn than the control, Olive oil and Rheum ribes L.groups 
(p<0.001, p<0.001, and p<0.05, respectively). The CCl4 group 
had increased levels of P/Fe compared to the control, Olive 
oil and Rheum ribes L. groups (p<0.01, p<0.01 and p<0.05, 
respectively). Similarly, DMSO group had significantly lower 
levels of P/Fe than the control and Olive oil group (p<0.05 and 
p<0.05). However, the DMSO group had a significantly higher 
level of Zn/Fe ratio than the control, Olive oil, Rheum ribes L., 
Quercetin, CCl4 + Rheum ribes L. and CCl4 + Quercetin groups 
(p<0.01, p<0.001, p<0.05, p<0.05, p<0.05, and p<0.01, 
respectively). (Table 3, Figure 4).
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Fig 4. Comparison of copper (Cu) and iron (Fe) element levels in 
serum control, DMSO, olive oil, CCl4, Rheum ribes L., quercetin, CCl4 
+ Rheum Ribes L.ve CCl4 + quercetin groups

4. DISCUSSION

CCl4 is known as hepatotoxin and nephrotoxin (18, 19). 
In experimental studies, the mechanism of CCl4 induced 
damage is that cytochrome P450 transforms into free radicals 
trichloromethyl (CCl3

-) and trichloromethyl peroxy (CCl3O2
-) 

and increases lipid peroxidation and protein oxidation in the 
liver, as well as the heart, kidney, brain, lung and testis. It 
has been reported to cause damage in many organs (19, 20, 
21, 22). CCl3

 – radical undergoes both oxidative and reductive 
biotransformation and initiates biochemical events that lead 
to liver cell necrosis (18, 23). On the other hand, oxidative 
damage of proteins is also caused by the fenton-type 
reaction of free radicals and trace elements such as Fe+2, Cu+2. 
Conditions leading to the mobilization of Fe or Cu to redox 
active forms lead to high levels of protein carbonyls (24). As 
the carbonyl groups of proteins increase, they become more 
susceptible to oxidative damage (25). Symptoms such as 
increases in carbonyl levels, rheumatoid arthritis, ischemia-
reperfusion damage to the heart muscles, and muscle 
damage caused by strenuous exercise are also examined (17).

In our study, a non-lethal dose of CCl4 (1 ml/kg i.p) was used 
and the rats were decapitated 24 hours after CCl4 treatment. 
This period has been reported in the literature review to be 
the most appropriate time for inducing liver damage (26, 
27). In this study, the effect of these antioxidant substances 

on protein carbonyl in the presence of Rheum ribes L. and 
quercetin in CCl4-induced liver and kidney damage was 
investigated. When table. 1 was examined, it was observed 
that the PCO levels of 1 ml kg-1 CCl4 administered in both 
liver and kidney tissue groups increased compared to the 
control group (p<0.001, p<0.05). It was determined that the 
group given CCl4 with 100 mg kg-1 quercetin also decreased 
the PCO levels compared to the CCl4 group (p<0.01; p<0.05), 
but increased compared to the 100 mg kg-1 Rheum ribes L. 
group. These results show that CCl4 causes oxidative damage 
on liver and kidney tissues, Rheum ribes L. and quercetin 
have been found to reduce this damage. In CCl4 application, 
it can be thought that the presence of PCO, which is a high 
level of oxidative biomarker in kidney tissue parallel to the 
liver tissue, is most likely caused by the application of CCl4 
oxidative stress.

Cu, Fe and Zn are trace elements that have important roles 
in fulfilling the functions of many enzymes and protein 
metabolism in the organism (2, 28, 29). Cu is an essential 
trace mineral essential for many biological processes. This 
requirement is thought to be due to the Cu element acting as 
a cofactor for proteins involved in various biological reactions 
such as photosynthesis, respiration, free radical reactions, 
connective tissue formation, Fe metabolism, and neurological 
function (30). Iron is an essential element required as a 
cofactor for proteins that govern oxygen transport, such as 
hemoglobin and myoglobin (31). The antioxidant effect of Zn 
is due to its role in preventing the formation of free radicals 
and protecting against oxidative stress (32). Phosphates 
are the central building blocks in nucleic acids. P is an 
important mineral that regulates the fat content in the blood 
by taking part in carbohydrate and fat metabolism, apart 
from being in a critical position in important physiological 
functions including energy production, cellular replication 
and bone mineral metabolism (2, 29, 33). In our study, 
when trace elements (Cu, Fe, Zn) and mineral (P) levels 
were evaluated, the values ​​of P, Zn/Cu, P/Zn and P/Fe were 
statistically significant between the control group and the 
group administered 1 ml kg-1 CCl4 (p<0.05; p<0.001; p<0.001) 
a decrease was detected. Significant decrease in P level 
(p<0.01) between the 1 ml kg-1 CCl4 applied group and the 
control group indicates that there is a sign of muscle damage. 
Because it has been understood that deficiency of P mineral 
causes muscle weakness (2), and one of the side effects of 
CCl4 to the organism is muscle weakness (34). Therefore, it 
can be interpreted that the increases in protein carbonyl 
levels in the group administered 1 ml kg-1 CCl4 may cause 
muscle damage in the organism.

The hepatoprotective herbal preparations recommended 
as an alternative treatment method for the elimination 
and prevention of hepatic disorders have been shown to 
be antioxidant in clinical and experimental studies (35) and 
black seed (36), nettle seeds studies have been included in 
the literature. In addition, there are studies in the literature in 
which CCl4 and various antioxidants are used both single and 
multiple times. It has been shown that antioxidants such as 
ascorbic acid (37), selenium (38), a-tocopherol (39) combined 
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with CCl4 prevented or partially protected hepatotoxicity 
in rats. In the literature review, no study was found on the 
effects of Rheum ribes L. and quercetin on protein carbonyl 
on liver and kidney tissue damage by causing oxidative stress 
with CCl4 in rats. However, when looking at similar studies 
obtained in our study, Sundari et al. (40) found that oxidative 
protein accumulation in liver damage by causing oxidative 
stress with CCl4 in rats is an early finding in CCl4-mediated 
liver damage. Kılıçgün and Altıner (41) investigated the 
inhibition effect of Rosa canina (rosehip) protein oxidation in 
rats with liver damage with CCl4 and found that the plant in 
question reduced liver protein oxidation.

5. CONCLUSION

Throughout our investigations and analyses, it was observed 
that oxidative stress increased in rats exposed to CCl4 and the 
associated protein carbonyl levels in liver and kidney tissues 
increased. Considering the liver and kidney tissues between 
the groups, it was observed that the protective effect of 
the group administered with 100 mg kg-1 Rheum ribes L on 
PCO is higher than the group administered with100 mg kg-1 
quercetin. These findings show that the protective effect 
of Rheum ribes L plant on CCl4-induced liver and kidney 
toxicities. In addition, it can be considered that in further 
studies, Rheum ribes L., active ingredient dosage and method 
will be a preliminary study in terms of determining protein 
oxidation.
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ABSTRACT

Objective: The study aims to investigate the standardized, traceable dose amounts that will create the desired therapeutic physiological change 
in the tissue and prevent the risk of tissue damage in the light of metrology principles

Methods: In the study carried out in TÜBİTAK National Metrology Institute Medical Metrology Laboratory, a muscle phantom simulating the 
acoustic properties of muscle tissue was created and thermocouples were placed in it. Ultrasound at different intensities and durations at 1 
MHz frequency was applied to the phantom. The temperature changes measured by the thermocouples were recorded. Each measurement 
was repeated three times and averaged

Results: 14 minutes application at 1 W/cm2 density, 10 minutes application at 1.5 W/cm2 density, ~7 minutes application at 2 W/cm2 density, 
and ~4 minutes application at 2.5 W/cm2 density have been achieved for the temperature range needed to produce therapeutic effect.

Conclusions: In order to achieve the therapeutic effect, the ultrasound doses used in the procedure should be checked. Measurements in multi-
layer phantoms would be useful in future research.
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Investigation of Therapeutic Ultrasound Dose on Muscle 
Phantom: An Experimental Study Investigation of Therapeutic 
Ultrasound Dose

1. INTRODUCTION

Therapeutic ultrasound is an accepted therapeutic agent in 
reducing pain and spasm in tissues. It is a high-frequency 
current that is preferred because of its thermal and 
mechanical effects on deep tissues, and it is a frequently 
used, easy-to-apply, and economical electrotherapy 
modality (1–3). As a result of the absorption of ultrasound 
in the tissues, mechanical vibration and sonic energy are 
transformed into heat energy in proportion to the intensity 
of ultrasound. Due to the increase in temperature in the 
tissue, circulation increases, the inflammatory process 
improves and an analgesic effect occurs (4). To achieve the 
beneficial therapeutic effect, the tissue temperature must 
be kept between 40-45°C for at least 5 minutes. Destructive 
consequences occur when the local tissue temperature 
exceeds 45°C (5)

Despite its widespread use, there are conflicting results in 
the literature regarding the therapeutic effect of therapeutic 
ultrasound. In previous studies to investigate the effectiveness 
of ultrasound, the duration of application differed, a standard 

dose data was not found, and quantitative information 
supporting the effectiveness of application protocols 
recommended for different clinical conditions was not 
presented.(6–10) Treatment plan is based on the clinician’s 
individual experience. As a result, therapeutic ultrasound 
applications do not include standardized, comparable dose 
concepts supported by traceable measurements. The lack 
of accurate dose information makes it difficult to determine 
dose-response curves and to create effective treatment plans 
(11). This can lead to excessive or inadequate treatment of 
the tissue and even to the patient’s harm.

Test materials that can describe the special characteristics 
of human tissues in ultrasound applications are called 
phantoms (12). It is used to test US systems or to investigate 
the interaction of sound waves with tissue. There are many 
phantoms in the literature that mimic human tissue. To 
develop measurement techniques and validate theoretical 
models, tissue-mimicking phantoms should have acoustic 
and thermal properties equivalent to human tissues Speed 
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of sound, attenuation coefficient, and acoustic impedance of 
phantom and the tissues must be similiar. (11,13,14)

This study was planned due to the lack of a clear framework 
for therapeutic US applications in the literature. The aim of 
the study is to investigate the standardized, traceable dose 
amounts of therapeutic ultrasound that will create the desired 
therapeutic physiological change in the tissue and prevent the 
risk of tissue damage with reference to the temperature increase 
on the muscle phantom in the light of metrology principles.

2. METHODS

This research was conducted in the TÜBİTAK Metrology 
Institute Medical Metrology Laboratory from April 8, 2018 
to December 31, 2020. The study was conducted under 
the conditions required for the competence of the test 
and calibration laboratories. All instruments to be used in 
measurements were calibrated at first. The algorithm with 
the study progress steps is given in Table 1.

Table 1. Study algoritm

Construction of muscle phantom

Measurement of the acoustic properties of the phantom

Forming the phantom container and inserting thermocouples into it

Pouring the phantom into the container and waiting for it to cool

Applying ultrasound to the phantom

Recording the measured temperature values

2.1. Construction of Muscle Phantom and Measurement of 
the Acoustic Properties

Materials to be used in phantom construction were prepared 
and their masses were measured. Agarose powder (A9539-
500G Sigma-Aldrich, USA), degassed water, aluminum 
powder Al2O3 (Nanokar, Turkey), and glycerin (Cleanmaster, 
Turkey) were used to prepare the muscle phantom.

Speed of sound, attenuation coefficient, and acoustic 
impedance are the most essential acoustic properties of soft 
tissue phantoms. The attenuation coefficient and speed of 
sound of the phantom was then measured ten times and 
averaged. In the speed of sound and attenuation coefficient 
measurements, a digital storage oscilloscope (Tektronix TDS 
2002C, USA) and a pulser receiver (Panametrics Model 5052 
PR, USA) were used, as well as 1 MHz probes (M639 SMN2M5, 
Meccasonics LTD, UK). Calculations of density and acoustic 

impedance were carried out. Uncertainty calculations are 
important in determining how much information is missing 
from a measurement result JCGM 100: 2008 GUM was used 
to guide the uncertainty measurements (15). The factors 
affecting the speed of sound and attenuation coefficient 
measurements results were identified. The components of 
the uncertainty budget were determined. Measurement 
uncertainty was calculated. It was possible to calculate 
expanded uncertainty, U, by taking the square root of the 
number of the variances and applying a coverage factor k=2, 
which corresponds to a coverage probability of approximately 
95% for normal distribution.

2.2. Preparation of Phantom Container and Insertion of 
Thermocouples

A phantom container of 58x108x74 mm was drawn with 
the SolidWorks application. The center of the area where 
the ultrasound will be applied was determined. The spaces 
where the thermocouples will be placed were drawn at a 
depth of 3 cm from the phantom surface, to the center of 
the application area and 1cm and 2cm from this point. Then 
the phantom was removed from the 3D printer (Zaxe X1-Plus 
ZAXE) and 3 connectable 10 kOHM NTC type thermocouples 
were placed in the spaces. Thermocouples are directly 
connected to the temperature measurement device

2.2.1. Pouring the Phantom Into the Container

The level where the muscle phantom will be pour was 
marked on the container. The prepared muscle phantom was 
poured into the container where the thermocouples were 
placed and left to cool.

2.3. Dose Calculations

Acoustic dose is defined as the energy deposited per unit 
mass of a medium supporting an acoustic wave (16). The 
minimal amount of energy that was determined to be 
beneficial for therapeutic ultrasound was 2250 Joules each 
session. For the calculation of the energy required during the 
ultrasound application, given formula is used (17).
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2.4 Applying Ultrasound To The Phantom 

Before the measurements, it was checked whether the device to be used in the study applies the 

power that appears on the it’s screen.. The device used was PUG, a portable ultrasonic power meter 

created by TÜBTAK UME Medical Metrology Laboratory. Then phantom container placed in the 

experimental setup.  

 

Multi-Channel Temperature Measurement Device (Model 1, 2019) which provides its energy via USB, 

was connected to the computer. Data can be read and commands can be entered on the screen. The 

software of the Temperature Measurement Device was developed in TÜBİTAK UME Medical 

Total energy per session (Joules) = Intensity (W/cm2) x time (seconds) x US head size (cm) 

2.4. Applying Ultrasound to the Phantom

Before the measurements, it was checked whether the 
device to be used in the study applies the power that appears 
on the it’s screen.. The device used was PUG, a portable 
ultrasonic power meter created by TÜBTAK UME Medical 
Metrology Laboratory. Then phantom container placed in the 
experimental setup.

Multi-Channel Temperature Measurement Device (Model 1, 
2019) which provides its energy via USB, was connected to the 
computer. Data can be read and commands can be entered 
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on the screen. The software of the Temperature Measurement 
Device was developed in TÜBİTAK UME Medical Metrology 
Laboratory, and the data can be transferred to Excel as raw data 
from this software interface (https://www.ume.tubitak.gov.
tr/en/laboratuvarlarimiz/projects-18, accessed: 25.09.2021). 
They can be read instantly directly from the screen display.

To mimic human muscle tissue, the phantom must be held 
at 37°C (18) . A temperature system was created to bring the 
phantom’s temperature to 37°C. The thermocouple measuring 
the temperature of the system working with electricity was 
prepared using the heating resistor that provides heating and 
prevents the temperature from dropping below 37°C and the 
screen showing the set temperature

In the measuring setup, a phantom cup containing 
thermocouples was mounted. The phantom was fitted with 
the apparatus (with the size of two times of the transducer 
head) prepared in accordance with the effective radiating 
area (ERA). With the temperature control mechanism, 
the phantom’s temperature was raised to 37 °C. The 5 cm 
ultrasound head of the ultrasound device with an ERA of 4 
was used (Chattanooga Intelect Mobile Ultrasound).

In line with the times calculated by the dose measurements, 
ultrasound was applied at a frequency of 1 MHz and 
in continuous mode. The application started when the 
value measured by the thermocouples showed 37°C. The 
ultrasound head was moved at a speed of about 4 centimeters 
per second. Degassed water was used as coupling agent. 
The value measured by the thermocouples was recorded by 
applying at a density of 1, 1.5, 2, 2.5 watt / cm2 for different 
durations. Each measurement was taken three times and the 
average was calculated. The temperature of the phantom 
was expected to decrease to 37 ° C after each measurement. 
The therapeutic dose was described as the intensity and 
duration that enabled the temperature to rise above 40 ° C 
for 5 minutes. The parameters that will affect the results of 
the temperature measurements were determined and the 
uncertainty value of the temperature measurement results 
was calculated.the experimental set up is given in figure 1

Figure 1. Temperature measurement set up by the ultrasound 
application

3. RESULTS

3.1. Results of Measurement of Acoustic Parameters of 
Muscle Phantom

The mass ratios of the materials used in phantom 
construction are given in Table 2. The acoustic parameters 
of the phantom we constructed are reported in Table 3. The 
acoustic properties of muscle tissue are included in the Table 
3 too (19).

Table 2 Materials and mass ratios used in phantom construction

Material Composition ratios (%) – by mass
Distilled Water 81.5
Agarose 1.5
Aluminum Powder (Al2O3 0,3µm) 7
Glycerin 10

Table 3. Acoustic parameter of muscle phantom and muscle tissue

Acoustic parameter

Result of 
measurement

(mean± standard 
deviation)

Muscle tissue 
(19)

Speed of sound (m/s) 1549.8±3.89 1547
Attenuation coefficient (dB/cm 
MHz)

1.14 ±0.08 1.09

Acoustic impedance (MRayl) 1.632 1.62
Density (kg/m³) 1053.5 1050

3.2. Results of Temperature Measurement with Ultrasound 
Application

Temperature data depending on different time and intensity 
after ultrasound applications are given below. In al figures 
T1, T2 and T3 show the temperatures measured by the 
thermocouples.

T1. Thermocouple in the center of the application area

T2. Thermocouple placed 2 cm away from T1

T3. Thermocouple placed 3 cm away from T1

The temperature changes caused by the application of 
ultrasound at 1Mhz frequency and 1 W/cm2 intensity in the 
phantom depending on time are given in Figure 2.

In the 10-minute and 12-minute applications, the temperature 
increased to 40 °C but in only 14 minutes of application, it 
remained above 40 °C for 5 minutes.

Figure 3 shows the temperature changes in the phantom 
generated by ultrasound at 1Mhz frequency and 1.5 W/cm2 
intensity as a function of time.

In 7 minutes of application, the temperature rise is 
approximately 2 °C. The temperature did not rise above 40 °C. 
In the 8-minute application, the phantom temperature rose 
above 40 °C after approximately 7 minutes of the application 
and remained above 40 °C until the 11th minute. In the 
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10-minute application, the phantom temperature remained 
above 40 °C for more than ten minutes.

Figure 4 depicts the temperature fluctuations in the phantom 
as a function of time caused by ultrasound at 1Mhz frequency 
and 2 W/cm2 intensity.

According to the graphic data in Figure 4, the peak 
temperature value of the 6-minute application is 39.2 °C. 
With the 7-minute ultrasound application, the phantom 
temperature reached 40 °C in the 6th minute. When it 
drops below 40°C again, it is ten minutes. After 8 minutes 
of application, the time it stays above 40°C is more than ten 
minutes.

The temperature changes caused by the application of 
ultrasound at 1Mhz frequency and 2.5 W/cm2 intensity in the 
phantom depending on time are given in Figure 5.

As seen in Figure 5, an increase of 2.45°C was achieved 
with a 3-minute application. In the 4-minute application, 
the phantom temperature remained above 40 °C for 
approximately four and a half minutes. In the 5-minute 
application, the temperature remained above 40 °C for five 
minutes.

Figure 2A

Figure 2B

Figure 2C.

Figure 2. Time-dependent temperature changes at a density of 1 
W/cm2. A. At 10 mins application B. At 12 mins application C. At 14 
mins application

Figure 3A

Figure 3B.
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Figure 3C.
Figure 3. Time-dependent temperature changes at a density of 1,5 
W/cm2 A. At 7 mins application B. At 8 mins application C. At 10 
mins application

Figure 4A.

Figure 4B.

Figure 4C.
Figure 4. Time-dependent temperature changes at a density of 2 W/
cm2 A. At 6 mins application B. At 7 mins application C. At 7 mins 
application

Figure 5A.

Figure 5B.
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Figure 5C.
Figure 5. Time-dependent temperature changes at a density of 2,5 
W/cm2 A. At 3 mins application B. At 4 mins application C. At 5 mins 
application

Depending on the applied density, the times required for the 
therapeutic effect at 1 MHz frequency are given in the Table 4

Table 4. Intensity and time at which the therapeutic effect occurs

Intensity (W/cm2) Time (min)
1 14

1,5 8
2 6-7

2,5 4-5

3.4. Temperature Measurements’ Uncertainty

The sources of standard uncertainty and the resulting combined 
standard uncertainty of temperature measurements during 
ultrasound application are listed in Table 5.

Table 5. Uncertainty Budget for Temperature Measurements

Sources of uncertainty Error%
Probability 
Distribution

Divisor Uncertainty%

Error of measurement 
system (Thermocouple 
system)

0.02 Normal 2 0.01

Environment 
temperature change and 
fluctation

0.05 Rectangular 1.73 0,03

Probe positionning error 0.08 Rectangular 1.73 0.05
Water temperature 
change

0.02 Rectangular 1.73 0.01

Thermocouple 
positioning

0.09 Rectangular 1.73 0.05

Distance change between 
probe-thermocouple

0.08 Rectangular 1.73 0.05

Repeatibility 0.09 Rectangular 1.73 0.05
Reproducebility 0.10 Rectangular 1.73 0.06
Loss of phantom’s 
properperties

0.10 Rectangular 1.73 0.06

Combined Uncertainty 0.13
Expanded Uncertainty= U (k=2) 0.26

4. DISCUSSION

In light of the principles of metrology, the study intends to 
investigate the standardized, traceable dose quantities that 
will produce the required therapeutic physiological change in 
the tissue while avoiding the danger of tissue harm. For this 
purpose, phantom simulating muscle tissue was created and 
its acoustic properties were measured. Then, 1, 1.5, 2, 2.5 
Watt/cm2 intensity ultrasound was applied to this phantom 
at a frequency of 1 MHz and the time to create a therapeutic 
effect was determined.

Phantom construction is guided by Gutierez et al. (20). 
They have used graphite powder as a scatter agent in their 
work but we used aluminum powder. The scattering ratio 
used was changed until the phantom best reflected the 
acoustic properties of the muscle tissue. Phantom’s speed of 
sound, attenuation coefficient was measured ten times and 
averaged. Mast’s data were used as a basis for our research 
(19). The speed of sound was 1549.8±3.8 m/s (U=6.7), which 
was consistent with the Mast’s data, 1547 m/s. According to 
Mast , the attenuation coefficient of muscle tissue is 1.09 dB 
/ cm MHz, while various values such as 1.1 dB /cm MHz have 
been reported in the literature (21). These figures are similar 
to the attenuation coefficient we measured at the end of the 
investigation, 1.14±0.8 dB / cm MHz (U =0.55). The acoustic 
impedance and density of muscle tissue, according to Mast, 
are 1630 MRayl and 1050 kg/m3, respectively. The muscle 
phantom’s acoustic impedance (1.632 MRayl) and density 
(1053,5 kg/m3) values were computed extremely near to the 
reference values. The table does not include the standard 
deviation in acoustic impedance and density calculations 
because it is so small. this phantom is appropriate for use in 
ultrasonic measurements.

1 MHz and 3 MHz frequencies are used in therapeutic 
ultrasound applications. Since the muscle tissue is located 
deeper, 1 MHz frequency application, which penetrates 
deeper, is preferred. There are different data on the amount 
of depth 1MHz penetrates. Watson states that 1 Mhz 
penetrates to an average of 4 cm depth, since tissue densities 
are different in humans (22). Cisowska-Adamiak et al showed 
that 1 MHz, has a half-depth penetration in the muscle of 
approximately 1.2 cm (23) As a result of the experiments in 
which we evaluated the temperature increase at different 
depths before starting the this study, we noted that the 
maximum temperature increase was 3 cm. Therefore tissue 
temperatures were measured at 3 thermocouple locations at 
3 cm depths from the phantom surface.

One of the reasons for the use of continuous ultrasound 
is to increase the temperature that will create a biological 
effect in the tissue. Contrary to its name, thermal dose is 
time dependent (16) Therefore, the formula suggested by 
Hougton was used. The application time to meet the amount 
of energy required for effective treatment was calculated 
by placing the density and area of the device head into 
the formula. Ultrasound was applied to the phantom at 
times below and above the value found as a result of the 
calculations and temperature changes were observed.
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The temperature measurement system has a measurement 
error of ±0.2 °C. The system takes a measurement every two 
seconds. The graphs show changes on a minute basis. The 
deviations seen in the graphs are thought to be caused by 
these factors. The application head movement was made to 
be approximately 4 cm/sec. No timer was used since the head 
movement speed had no effect on the temperature increase 
and all applications were made by the same person (24). 
Again, since the coupling agent used during the application 
did not affect the temperature change, water, which did 
not cause deterioration on the phantom surface, was used 
instead of gel (25).

It has been observed that the time required to exceed 40 °C 
at the end of 1W/cm2 application should be 10 minutes and 
the application time should be 14 minutes for the therapeutic 
effect to ocur, in this study. Myrer et al. placed a thermocouple 
in the posterior calf and applied 1 W/cm2 ultrasound for 
10 minutes and showed that the temperature increased 
by about 6 °C (26). Draper et al. recorded a temperature 
increase of 3.5 °C in the medial triceps surae muscle at the 
same dose (27). In our study, an increase of 3.03 °C (U=0.26) 
was achieved after 10 minutes of application. This difference 
is thought to be caused by skin and adipose tissue in vivo 
studies.

As a result of our experiments, the time required for a 
therapeutic effect in 1.5 W/cm2 applications was found to 
be approximately 8 minutes. It has been shown in previous 
studies that ultrasound is not effective in lower duration 
applications (28) Ebadi et al in which they investigated the 
effectiveness of ultrasound in patients with frozen shoulder, 
they applıed to the patients ultrasound for 6 minutes at an 
intensity of 1.5 W/cm2. They showed that ultrasound did 
not have any effect on pain, range of motion and function 
(7). Yıldırım et al. compared the results of 4 and 8 minutes 
of application and concluded that 8 minutes of application 
was more effective in reducing pain and increasing the ability 
to carry out activities of daily living in patient with knee 
osteoarthritis. (29). These data support the results of our 
study, although it shows that the application times in the 
previous studies should be reviewed.

 Test results from this study show that the time required for 
the application of 2 W/cm2 is approximately 7 minutes. In 
the application of 2 W/cm2, the rate of temperature increase 
in the tissue is 0.38 per minute (30). When we look at the 
graphic data given in the figure, it is seen that this speed 
is 0.43 in our study. This difference is considered by our 
study made from a single-layer pantom. But measurement 
uncertainty must also be taken into account.

Although it was stated that therapeutic ultrasound 
applications were performed at an intensity of 0.2-3 W/cm2, 
it was seen that the intensity of 2.5 was not preferred in the 
study. If this application is to be preferred, according to the 
results of our data, it is thought that the application of 4 
minutes at this intensity is more reliable and the applications 
performed over a period of time may cause tissue damage.

Since ultrasound applications are used in musculoskeletal 
problems, muscle phantom was preferred. Although the 
acoustic values of the muscle phantom meet the values given 
in the literature for soft tissue (including skin, fat, fascia, 
muscle), it would be more appropriate to use multi-layered 
phantoms in order to be more precise and simulate the 
human body in the best way (19). In this respect, the use of 
a single-layered phantom is seen as a limitation of our study. 
In this respect, the use of a single-coil phantom is seen as a 
limitation of our study.

5. CONCLUSION

In this study, the doses required to reach the temperatures 
that will reveal the therapeutic effect in ultrasound 
applications were investigated. This study is experimental 
study and it was made in accordance with metrology 
principles in terms of determining the factors affecting 
the measurement results and giving the uncertainty value. 
Therefore, the results can be considered as reliable. In order 
to achieve the therapeutic effect, the ultrasound doses used 
in studies should be checked.

Phantoms are more used in high intensity focused ultrasound 
applications. In this regard, they can be used also in 
measuring the effıcıency of the physiotherapy devices as well 
as for dosing in physiotherapy. Measurements in multi-layer 
phantoms would be useful in future research.
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ABSTRACT

Objective: In-stent restenosis (ISR) is the narrowing of a stented coronary artery lesion. A considerable number of patients undergoing 
percutaneous coronary intervention (PCI) are affected by ISR. The predominant mechanism in the development of ISR is an inflammatory 
response to vessel wall injury during PCI. Vitamin D is reported to have anti-inflammatory properties, so it may also be related with ISR. 
Therefore, in this study the relationship between vitamin D receptor (VDR), vitamin D binding protein (VDBP) gene variations and ISR were 
investigated.

Methods: Fifty-eight ISR patients who have chest pain, underwent angiography and were found to have restenosis in the previously inserted 
stent were included in the patient group and thirty-five patients who have chest pain and were not found to have restenosis in their previous 
stent in coronary angiography were included in the control group. rs7041 and rs4588 variations in VDBP; rs1544410 and rs2228570 variations 
in VDR were investigated by real-time polymerase chain reaction (RT-PCR). Results were evaluated statistically.

Results: The CC genotype of rs2228570 variation of VDR and the CA genotype of rs4588 variation of VDBP were found statistically high in patient 
group. rs7041 variation was found statistically high in patients who had myocardial infarction history before stent implantation. Additionally, it 
was demonstrated that vitamin D deficiency (vitamin D level<20 ng/ml) was found statistically high in patient group.

Conclusion: It was considered that rs2228570, rs4588 variations and the presence of vitamin D deficiency may play role in the formation of ISR.

Keywords: ISR, VDR, VDBP, RT-PCR
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VDBP and VDR Mutations May Cause In-Stent Restenosis

1. INTRODUCTION

Coronary artery disease (CAD) is a complex cardiovascular 
disorder which is related to pathophysiologic conditions, 
some environmental and genetic factors (1). Percutaneous 
coronary intervention (PCI) by balloon angioplasty and 
stenting have participated in the treatment of CAD, 
and have provided improvement in acute myocardial 
infarction (MI) (2). Unfortunately, a considerable number 
of patients undergoing PCI are affected by ISR (3-5). In-
stent restenosis (ISR) was defined angiographically as 
the presence of > 50% diameter stenosis at the stent 
site or within 10 mm proximal or distal to the stent. It 
is a complex disease considered to derive from several 
causative mechanisms, which have yet to be fully defined. 
The predominant mechanism in the development of ISR is 
an inflammatory response to vessel wall injury during PCI 
(6). Vitamin D is also reported to have anti-inflammatory 

properties, so it may also be related with ISR. Until now, 
vitamin D deficiency has been shown as a common risk 
factor for cardiovascular disease in several studies (7-9). 
1,25-dihydroxyvitamin D (1,25[OH]2D), the active form of 
vitamin D, binds to vitamin D binding protein (VDBP) in 
order to transport vitamin D metabolites to target tissues. 
VDBP binds to vitamin D receptor (VDR) to produce a 
biological effect (10). 1,25[OH]2D acts through a specific 
VDR, which is a hormone structure that communicates 
with the vitamin D responsive element of several target 
genes and regulates the transcription of more than 200 
heterogeneous genes. Therefore, vitamin D have crucial 
roles in the regulation of vascular smooth muscle cell 
proliferation, cell differentiation, vascular calcification, and 
angiogenesis (4, 7, 8, 11). It has been suggested that some 
candidate gene polymorphisms involved in the process of 
ISR are also associated with vitamin D metabolism (12). 
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The gene encoding human VDR is located on chromosome 
12q12-q14, and has many common allelic variants (13). 
Two of the most common polymorphisms are named as 
VDR FokI (rs2228570) and BsmI (rs1544410) (14). Until 
now, only some studies have investigated the relationship 
between rs2228570, rs1544410 SNPs, vitamin D levels and 
the risk of CAD (15). To our knowledge these mutations 
were not investigated before for ISR. FokI polymorphism, 
which is located in exon 2 of a gene, identifies 2 translation 
initiation start sites (ATG) in the VDR. T>C polymorphism 
leads to shortening of the protein by three amino acids 
(16). Studies also show that FokI is a potential genetic 
marker for CAD. BsmI (A>G) is located in intron 8 of VDR. It 
affects the mRNA stability and causes a reduction in VDR 
levels (17).

VDBP, also known as a human group specific component 
(GC globulin), has three common phenotypic alleles in 
chromosome 4. These alleles differ from one another by 
integrating two variants of VDBP: rs4588 and rs7041, which 
are both located in exon 11. rs7041 (G>T) encodes Asp432Glu 
and rs4588 (C>A) encodes Thr436Lys (18). It has been found 
that lower 1,25[OH]2D levels are associated with rs7041 and 
rs4588 (AA, AC) mutations (19).

In vivo vitamin D level is evaluated as normal (>30 ng/mL), 
insufficient (20–30 ng/mL) and deficient (<20 ng/mL) (10, 
20). In this study vitamin D leves were also measured to 
investigate the relationship between vitamin D levels and ISR.

Until today, genetic factors that may be related with ISR could 
not be completely defined. Thus, in this study the effects of 
VDR and VDBP variations to ISR were investigated.

2. METHODS

2.1. Study Population

In this prospective study, 58 consecutive patients who 
applied to the cardiology outpatient clinic of Dr. Siyami Ersek 
Training and Research Hospital with chest pain, underwent 
angiography and were found to have restenosis in the 
previously inserted stent were included in the patient group. 
All coronary angiography procedures were performed via 
the femoral route of patients (Siemens Axiom Artis Zee, 
Germany). The diagnosis of ISR was performed by expert 
invasive cardiologists. Thirty-five consecutive patients who 
applied to the cardiology outpatient clinic with chest pain 
and were not found to have restenosis in their previous stent 
in coronary angiography were included in the control group. 
Patients who have kidney or liver disease, acute coronary 
syndrome, hyperparathyroidism, history of malignancy of use 
of drugs including calcium (Ca) and vitamin D were excluded 
from the study.

The present study protocol was approved by the Institutional 
Ethics Committee of Yeditepe University (Approval 
Date:22.06.2015, Approval Number:495). Written informed 
consent from participants was obtained following a detailed 
explanation of the experimental procedures.

2.2. Biochemical Analysis:

The blood samples were obtained at the time of angiographic 
procedures and biochemical parameters such as vitamin D, 
lipid and hemoglobin levels were measured (Coulter LH780, 
Beckman Coulter Ireland Inc., Mervue, Galway, Ireland). 
Vitamin D deficiency is defined as Vitamin D levels smaller 
than 20 ng/mL (10,20). All patients were prescribed statins, 
beta-blockers and acetylsalicylic acid, according to their 
electronic prescriptions.

2.3. Molecular Analysis

After blood samples were obtained from all patients, 
genomic DNA was isolated from 200 µl blood by using 
commercially available kits according to manufacturers’ 
instructions (Roche, Basel, Switzerland). DNA 
concentrations were determined with a NanoDrop 
spectrophotometer (Thermo Scientific, Foster City, CA, 
USA). DNA samples with a DNA concentration greater 
than 30 ng/μL and OD260/280 ratio near to 1.8 were 
used for molecular analysis. rs7041 and rs4588 variations 
in VDBP; rs1544410 and rs2228570 variations in VDR; 
were analyzed by using Real-time PCR (RT-PCR) (Applied 
Biosystems, Foster City, CA, USA). RT-PCR Assay ID’s and 
primer sequnces of variants which were attached with VIC 
and FAM fluorescent material are shown in Table 1. The 
RT-PCR cycle parameters for all variants were 600C for 1 
min., 950C for 10 min. followed by forty cycles of 950C for 
15 sec. and 600C for 1 min., then 600C for 1 min.

Table 1. Primer sequnces of variants which are attached with VIC 
and FAM fluorescent material

SNP ID (Assay ID) Gene Primer sequences of variants which are 
attached with VIC and FAM fluorescent 
material

rs7041 
(C___3133594_30)

VDBP GCTTTGCCAGTTCCGTGGGTGTGGC[A/C]
TCAGGCAATTTTGCTTTTAGTCGCT

r4588 
(C___8278879_10)

VDBP CTTGTTAACCAGCTTTGCCAGTTCC[G/T]
TGGGTGTGGCATCAGGCAATTTTGC

rs1544410 
(C___8716062_10)

VDR GAGCAGAGCCTGAGTATTGGGAATG[C/T]
GCAGGCCTGTCTGTGGCCCCAGGAA

rs2228570 
(C__12060045_20)

VDR GGAAGTGCTGGCCGCCATTGCCTCC[A/G]
TCCCTGTAAGAACAGCAAGCAGGCC

2.4. Statistical Analysis

Statistical Package for the Social Science (SPSS) 23.0 was used 
to analyze the results. Assumption of normal distribution 
was checked with the Kolmogorov-Smirnov test. Two 
independent samples t test was used to compare continuous 
variables’ means between two groups which were normally 
distributed. Kruskal Wallis tests were performed to investigate 
the difference between genotypes and risk factors (which 
are not normally distributed) of ISR. If there were statistically 
significant differences for pairwise comparison, Mann-
Whitney U test was performed and Bonferroni correction 
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was applied to p values. p values smaller than 0.05 (p<0.05) 
were considered as statistically significant.

3. RESULTS

3.1. Study Population

The baseline characteristics of the study population are 
shown in Table 2. When groups were compared according 
to the baseline characteristics; vitamin D, white blood cell 
(WBC) and hemoglobin levels were found statistically low 
whereas the presence of vitamin D deficiency (vitamin D 
level<20 ng/mL), family history of CAD, hypertension and 
C reactive protein (CRP) levels were found statistically high 
in patient group (p<0.05). Other parameters, which are 
shown in table 2 were not found statistically significant 
(p>0.05).

Table 2. Baseline characteristics of the study population.

Baseline Characteristics Groups (number of participants) p values
Control group 

(n=35)
Patient group 

(n=58)
Vitamin D level (ng/mL) 18.07 ± 4.97 12.10 ± 4.44 <0.001**

Age (years) 59.17 ± 10.36 59.52 ± 8.80 0.86
Hyperlipidemia (%) 12 (34.3%) 29 (50%) 0.14
Total cholesterol (mg/dl) 180.63 ± 47.10 184.90 ± 42.54 0.65
Triglyceride (mg/dl) 166.17 ± 101.86 179.64 ± 123.20 0.59
WBC (x1000/ml) 9.12 ± 2.77 7.84 ± 2.59 0.027*

HbA1c (%) 6.13 ± 1.22 6.65 ± 1.79 0.13
Hypertension (%) 14 (40%) 38 (65.6%) 0.016*

Current smoking (%) 11 (31.4%) 20 (34.5%) 0.76
Diabetes mellitus (%) 11 (46.6%) 27 (31.4%) 0.15
Familial history of CAD (%) 19 (54.3%) 55 (94.8%) <0.001**

CRP (mg/ml) 0.92 ± 0.53 1.40 ± 0.9 0.005*

Hemoglobin 14.02 ± 1.27 13.04 ± 2.46 0.013*

Serum creatinine (mg/dl) 0.95 ± 0.21 1.02 ± 0.65 0.54
Total thrombocytes (ml) 239.80 ± 78.85 231.81 ± 58.04 0.58
Vitamin D deficiency 18 (51.4%) 54 (93.1%) <0.001**

COPD 7 (20%) 7 (12.1%) 0.30

*p<0.05, **p<0.001, HbA1c: Hemoglobin A1c, WBC: White blood cell, CAD: 
Coronary artery disease,
CRP: Creactive protein, COPD: Chronic obstructive pulmonary disease

3.2. VDBP and VDR genotyping

The genotype distributions of study groups are shown 
in table 3. The CC genotype of variation of VDR and the 
CA genotype of rs4588 variation of VDBP were found 
statistically high in patient group (p<0.05). However rs7041 
of VDBP and rs1544410 of VDR were mostly detected in 
patient group, they were not found statistically significant 
(p>0.05).

Table 3. Genotype distributions of study groups

Gene names and genotype 
distributions

Groups
p values

Control 
group (n=35)

Patient group 
(n=58)

VDBP
rs4588
CC 29 (82.9%) 34 (58.6%)

0.036*CA 6 (17.1%) 20*(34.5%)
AA 0 (0%) 4 (6.9%)
rs7041
GG 10 (28.6%) 9 (15.5%)

0.076GT 10 (28.6%) 30 (51.7%)
TT 15 (42.9%) 19 (32.8%)
VDR
rs2228570
TT 7 (20%) 1 (1.7%)

0.009*TC 10 (28.6%) 22 (37.9%)
CC 18 (51.4%) 35* (60.3%)
rs1544410
GG 8 (22.9%) 26 (44.8%)

0.103GA 21 (60%) 25 (43.1%)
AA 6 (17.1%) 7 (12.1%)

*p<0.05

3.3. Statistically Significant Assocations Between Risk Factors 
and Variations

All of the risk factors which are shown in table 2, were also 
analyzed for investigating the association between these 
factors with variations. Of these, rs7041 variation was found 
statistically high in patients who had myocardial infarction 
history before stent implantation (p=0.048). (Figure 1). 
The other factors were not found statistically significant 
(p<0.05).

Figure 1. Association between myocardial infaction (MI) history 
before stent implantation with rs7041 variation
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4. DISCUSSION

Mortality due to cardiovascular disease has risen day by 
day, and it is estimated that it may increase to 23.4 million 
deaths by the year 2030 (21). Although PCI is a reliable 
application to treat CAD, development of restenosis is a 
major problem after angioplasty (22). CAD can occur due 
to platelet activation, thrombus formation, endothelial 
dysfunction, activation in vascular smooth cell presentation 
or inflammation. It is demonstrated that vitamin D affects 
the renin-angiotensin system (RAS), and that vitamin D 
deficiency causes inflammation (23). Functional abnormality 
in endothelial cells takes place before and throughout the 
development of atherosclerosis, and especially during 
plaque fracture. Oxidized LDL appears to induce this 
cellular dysfunction. High levels of angiotensin II facilitates 
oxidation of LDL and its uptake by receptors on monocytes, 
macrophages and endothelial cells (24). Also RAS contributes 
to the development of arterial hypertension. In a brief study, 
it was shown that vitamin D could reduce high blood pressure 
in hypertension patients (25). This might be explained by 
the observation of endothelial dysfunction involved in both 
hypertension and restenosis. A recent study also showed 
that lower vitamin D level (<30 ng/ml) is related with CAD 
(21). It is suggested that vitamin D intake limits neointimal 
formation following coronary intervention, and provides 
protection against the development of coronary restenosis (8, 
22). Vitamin D deficiency may also induce the production of C 
reactive protein (CRP), which is known to be directly related 
with the inflammation process (23, 24). According to these 
findings, it was considered that there might be an association 
between vitamin D deficiency and restenosis progression 
related with inflammation. At the end of the study, vitamin D 
deficiency (vitamin D level<20 ng/mL) was found statistically 
high in in ISR patients (p<0.001). Additionally hypertension 
and CRP level were also found statistically high in patient 
group (p<0.05).

ISR is the main obstacle of percutaneous coronary 
intervention. Heritable factors also may have a role in ISR. 
Many studies showed that investigating the effect of related 
genes and other risk factors on the development of restenosis 
has critical importance for new therapeutic approaches. VDR 
and VDBP polymorphisms have important impact on the 
regulation of vitamin D metabolism (19). Excluding vitamin D 
deficiency, VDR and VDBP genes are also the main regulators 
in vitamin D metabolism (10). Therefore, these main factors 
should be investigated together in order to evaluate the 
relationship between ISR and genes related with vitamin 
D metabolism. In our study, the CC genotype of rs2228570 
variation of VDR and the CA genotype of rs4588 variation of 
VDBP were found statistically high in patient group (p<0.05). 
Contrary to these findings, in a separate study no significant 
association was found between these polymorphisms with 
ISR (25,26).

In the present study, the relationship between ISR and 
other risk factors were also investigated. Recent studies 
have shown that there is a relationship between vitamin D 

level and MI (27). Similarly, according to our results rs7041 
variation was found statistically high in patients who had 
myocardial infarction history before stent implantation 
(p=0.048). Contrary to this finding, in another study no 
significant associations were found between MI, type 2 
diabetes mellitus, death, BMI, lipid levels, blood pressure 
and HbA1c (28).

Multiple studies have shown that vitamin D deficiency is 
a risk factor for cardiovascular diseases (7, 9). Growing 
evidence has supported that vitamin D plays a critical role 
in modulating the anti-inflammation in other inflammatory 
diseases such as ulcerative colitis (UC). Recent studies suggest 
that UC is characterized by relapsing inflammatory process 
in the gastrointestinal tract; it is highly related with vitamin 
D metabolism and its regulator protein VDR due to its anti-
inflammation effect (29, 30). Similarly, in the present study it 
was found that ISR, which is related with inflammation, has 
an association with vitamin D deficiency

5. CONCLUSION

According to these findings, it was considered that gene 
variations which are related with vitamin D metabolism and 
vitamin D deficiency may increase the risk of ISR. In conclusion, 
genetic screening of patients for VDR and VDBP variations 
before stent implantation may provide information about the 
possibility of ISR. Possible tracking of gene variations and risk 
factors with some other studies with high number of patients 
may help to clarify the mechanism of ISR.
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ABSTRACT

Objective: To determine the actual cardiovascular diseases risk and to compare it with the perceived risk in 40-65 years old men.

Methods: We conducted a cross-sectional study in a population determined to be 21.039 men and sample consisted of 400 men. The actual 
cardiovascular diseases risks of these respondents were calculated using HeartScore, classified as low, moderate, high, or very high. The 
respondents’ perception of their cardiovascular disease’s risks was categorized as wrong optimists/pessimists and realists. We used multivariate 
logistic regression models to determine the relationships between perceived cardiovascular diseases risk and independent variables (age, 
diabetes, hypertension, etc.). Required ethics committee and institutional permissions were obtained for the duly conduct of the study.

Results: It was determined in our study that while 8.3% (n=33) of the men had a high-risk level for cardiovascular disease, 52.5% (n=210) had 
a very high level. Forty-eight percent of the participants perceive their CVD risks to be lower than they are and 23.8% to perceive it higher than 
they are. Correct estimation rate of CVD risk was 28.2%. The variables affecting the actual cardiovascular diseases risk were diastolic blood 
pressure, body mass index, and level of physical activity. 13.3% (n=53) of respondents perceived their cardiovascular diseases risks as high and 
8% (n=32) as very high. The variables affecting an incorrect perceived cardiovascular diseases risk are being 61-65 years of age (odds ratio=0.34, 
95% confidence interval: 0.16-0.73) and a diagnosis of diabetes mellitus (odds ratio=0.45, 95% confidence interval: 0.20-0.99).

Conclusion: We observed that more than half of the residents were at a very high level of risk for cardiovascular disease, and approximately one 
out of every two respondents perceived their risk of cardiovascular disease to be lower than the actual risk. It is recommended risk reducing 
behaviors be developed and awareness of risk be raised.

Keywords: Middle age, men, cardiovascular diseases, perceived risk.
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A Comparison of Actual Cardiovascular Disease Risks to the 
Perceptions of Middle-aged Men: A Cross-Sectional Study

1. INTRODUCTION

Of the 56 million deaths worldwide in 2019, approximately 
18 million (32%) were caused by cardiovascular disease (CVD) 
(1). This rate is estimated to rise to 22.2 million by 2030. CVD 
is reported as the most common fatal disease (2,3). Turkey 
has the highest rates of mortality in Europe from coronary 
issues (2,4), and in 2016 the province in Turkey with the 
highest mortality rates due to circulatory system problems 
was Amasya with 50.8% (5).

The incidence of CVD disease is known to be higher in men 
(6). Habits related to an unhealthy lifestyle increase the risk 
of CVD (7,8,9,10). According to the data of the Ministry 
of Health, rates of tobacco use, systolic blood pressure 
(SBP) with fasting plasma glucose (FBG), total cholesterol 
(TC), alcohol and substance use, occupational risks, and 
insufficient physical activity along with other risk behaviors 
are generally higher in men (11). The same data shows that 
noncommunicable disease attributed to Disability Adjusted 

Life Years (DALY) is higher in men (19%) than in women 
(18%). Moreover, the CVD risk was found to be higher in men 
(13.3 %) than women (7.8%) in 2017 (11,12). Worldwide, 
more than one-third (35%) of men smoke while just over 6% 
of women do so according to data from the years 2000-2016 
(13). According to the 2019 National Survey on Drug Use 
and Health (NSDUH) in Turkey, 85.6 percent of people ages 
18 and older reported that 59.1 percent of men in this age 
group and 51.0 percent of women in this age group smoke 
(14). Regarding the cardiovascular risk factors in Turkey, daily 
tobacco use in women aged between 45-64 was 14.3% while 
the rate was 41.5% in men of the same age range. Similarly, 
in Turkey, alcohol consumption in men is higher (42.5%) 
than in in women (3.75%) (12). Nevertheless, according to 
the Turkey Health Survey Data (2016), men generally receive 
preventive health services at lower rates than women (blood 
pressure, cholesterol etc.) (5).

https://orcid.org/0000-0003-0540-2095
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There is no routine screening program in Turkey for actual 
CVD risk (15,16). In terms of ease of use and accessibility 
(17), the HeartScore program, a risk assessment and 
management program aimed at supporting clinicians in 
optimizing individual cardiovascular risk reduction intended 
to be used by health professionals only and not by the 
general public (18,19,20), is suitable for screening men in the 
CVD risk group (19). The Ministry of Health suggests that the 
HeartScore program be used to evaluate the CVD risks of 40-
65 aged individuals in Turkey. It has been emphasized that 
there is increased cardiovascular risk among this age group 
individuals (21). HeartScore contains broader groups and 
yields more reliable results (18,22). The program also free 
(18).

Risk perception is important for individuals to adopt healthy 
lifestyle behaviors in order to reduce CVD risks. Individuals 
with the awareness of an increased CVD risk may adapt 
more easily to attitude changes such as being more careful 
about their nutrition, quitting smoking and receiving regular 
medical check-up (23,24). Research indicates that men fail to 
perceive CVD risks (25,26,27), and commonly men perceive 
CVD risks at a lower level than what is actual (27,28,29).

The aim of this study was to determine the actual CVD risk 
level for the next ten years in the high-risk group of 40-65 age 
men and to compare it to the CVD risk level their perceived.

1.1. Study Questions

What are the actual CVD risk levels for men aged 40-65?

What are the perceived CVD risk levels for men aged 40-65?

Is there a difference between the actual CVD risks for men 
aged 40-65 years and the perceived CVD risks?

What are the factors affecting the perceived risk levels for 
men aged 40-65 regarding CVD?

2. METHODS

2.1. Study Design and Population

We conducted a cross-sectional study in a population 
determined to be 21,039 men in the 40-65 age range living 
in a city center of Turkey, in 2018 (5). Individuals over the 
age of 65 were not included in this study because the 
Turkish Ministry of Health considers individuals aged 40-
65 years to be at risk for cardiovascular diseases (21). The 
sample was calculated with a 95% confidence interval (CI) 
and a 5% margin of error in case the number of population 
is known along with the sum of CVD mid-level 22% (n=72) 
and high-level 11.7% (n=37) determined by Akgöz & Gözüm 
(2019), with the HeartScore system used; and found as the 
minimum n=338 (20). The study aimed to reach 20% more 
of the specified value. 400 individuals were included in 
the scope of the study using the cluster sampling method. 
Each of the 40 neighborhoods in the central area of Amasya 
province was considered as a cluster in the first stage. 

Neighborhood names were put in alphabetical order, and 
10 neighborhoods were included in the study as the field of 
research using the systematic sampling method (40/10=4) 
in the second stage. The number of participants from each 
neighborhood was determined using the percentage of 
males in the population in the third stage. In the fourth 
stage, volunteers in this age group who met at a specified 
place after an announcement by the local authorities. 
Volunteers were accepted until researchers reached the 
pre-specified number of participants.

2.2. Data Collection Tools

Research data was collected using the Demographic and 
Medical Information Data Collection Form, the HeartScore 
database (actual) and Perceived CVD Risk Defining Form, 
and the International Physical Activity Questionnaire (IPAQ 
Short Form) was used to determine the participants’ physical 
activity levels (30).

2.2.1. Demographic Characteristics

The age of the participants was determined by their year of 
birth on their IDs., and their use of medication, their medical 
history (increased risk of CVD) (4), and their family history 
(first degree relatives with CVD) was evaluated by questions.

2.2.2. HeartScore Database (actual) and Perceived CVD Risk

We used HeartScore’s non-HDL measurement Turkey form 
that was used to evaluate the actual CVD risks of individuals 
(17,31). It was adapted to a high-risk model. At the 
beginning, the researcher signed up on the system with his/
her first name, last name, and email information in order to 
save data on the HeartScore Turkey form (31). After signing 
up, first-last names, birth dates (month/year), and gender 
information was defined on the system under the “Create 
New Patient Record” tab. After defining the patients on the 
system, participants were displayed in the “Patient List” tab. 
Individuals were picked in this tab to measure risks, and the 
“Create New Examination” tab was clicked. Researcher then 
recorded measured SBP and TC value along with the data 
about smoking/non-smoking and calculated the percentages 
of CVD risks of participants for the next 10 years (<1% low, 1≤-
<5% moderate, 5≤-<10% high and ≥10% very high) (17,18). 

SBP indicates how much pressure your blood is exerting 
against your artery walls when the heart beats. The TC is a 
measure of the total amount of LDL-HDL cholesterol, and 
other lipid components (32). The perceived CVD risk level 
was ascertained when the participants were asked an open-
ended question and graded their own risk as low, moderate, 
high, and very high. If they perceived their risk as lower than 
their actual risk, they were classified as wrong optimists; if 
they perceived their actual risks as higher that their actual 
risk, they were classified as wrong pessimists; and if they 
perceived their risk as the same as their actual risk, they were 
classified as realistic (24,27,33,34).
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2.3. Measurements

2.3.1. Physical Activity

The Turkish version of the International Physical Activity 
Questionnaire/IPAQ developed by Booth was used to 
determine the physical activity levels of participants in terms 
of the risk factors for CVDs (30). It is a reliable and valid in 
the Turkish population (35). Physical activity was rated as the 
metabolic equivalent (MET) to minutes a week with the data 
evaluation of the IPAQ. Then, activity level was determined 
and classified as inactive (<600 MET-min.day/wk), low level 
active (600-3000 MET – min.day/wk), and sufficiently active 
(>3000 MET – min.day/wk) (30).

2.3.2. Height and Weight

To measure height, participants stood upright after taking 
their shoes off. Subsequently, a stadiometer was used for 
their height measurements, and the obtained value that 
appeared on the screen was saved. The stadiometer is a 
digital measurement device that is connected to the acrylic 
head piece and interfaces directly (36). To measure weight, 
individuals took their shoes off and stepped onto the digital 
weight scale; the number displayed on the scale was recorded 
(20,36). Body mass index (BMI) was calculated with a weight/
height [kg m−2] formula after the researcher measured weight 
and height and then classified (37).

2.3.3. Lipids

Lipid measurements were performed with the blood sample 
taken from the capillaries of the individuals and the data 
were obtained in this way (38). Participants’ TC levels were 
determined after evaluation with the Accutrend Plus GCT 
device in which the result appears after approximately three 
minutes (19, 39). The measurements were carried out by the 
researchers, paying attention to aseptic techniques. Based 
on this value read on the digital screen, the TC levels of 
individuals were determined. The measurement confidence 
interval of the device is between 10%-85% (39). It has 
been reported that the device used is suitable for CVD risk 
determination (40).

2.3.4. Blood Glucose

According to the American Diabetes Association (ADA), FPG 
is measured at least eight hour after meals, and postprandial 
plasma glucose (PPG) levels is measured one to two hours after 
the start of a meal (41). Individuals’ blood glucose value was 
measured by the researchers, and the ones who had diabetes 
according to a physician’s diagnosis or whose blood glucose 
was determined to be within the range of diabetic values 
as a result of the measurements were directly considered 
to be at high cardiovascular risk (19). Participants were 
measured using the Accu-Chek Performa Nano measuring 
device which is calibrated. Later, these parameters were 
classified based on the recommendations of the ADA (41). 

This device gives the averages of daily measurements and is 
an easy and confidential professional system (42). After the 
coding process of the device was carried out, the fingers of 
the individuals were cleaned with alcohol cotton. Then, the 
finger of the procedure was pierced with a lancet, the first 
blood sample was cleaned with cotton, and the second blood 
sample was taken into the scope of measurement. After the 
measurement, the measurements taken two hours after the 
main meal were recorded as satiety, and the measurements 
taken before the main meal were recorded as fasting blood 
sugar.

2.3.5. Blood Pressure

The blood pressures of the individuals were measured by 
the researchers. Prior to the measurement, individuals were 
allowed to rest for five minutes. During the measurement, 
the individuals were not allowed to talk and they were 
exhorted not to cross their legs. The blood pressures of 
the individuals were measured twice during a five-minute 
interval, and a blood pressure value was formed by taking 
the arithmetic average of these values. In case there was a 
difference of more than 5 mmHg between the blood pressure 
values measured twice, the measurements were repeated 
(33,43). A calibrated aneroid sphygmomanometer (Erka 
Perfect, Germany) was used to measure participants’ SBP 
and diastolic blood pressure (DBP), and these measurements 
were classified according to the guidelines of the American 
Society of Hypertension and the International Society of 
Hypertension (20,44). Accordingly, those with SBP <120 
mm/hg were classified as normotensive, those between 
120-139 mm/hg as prehypertensive, and with ≥140 mm/
hg as hypertensive. In DBP, <80 mm/hg was classified as 
normotensive, between 80-89 mm/hg as prehypertensive, 
and ≥90 mm/hg as hypertensive (44).

2.3.6. Smoking History

The smoking history of the participants was rated on a three 
point scale from (1) current smoker (≥100 cigarettes in his 
lifetime and currently smokes), (2) former smoker (≥100 
cigarettes in his lifetime but quit smoking), and (3) never 
smoker (≤100 cigarettes in his lifetime or never smoked) 
as recommended by the Centers for Disease Control and 
Prevention (45).

2.4. Data Collection Process

Data of this study was collected between April-October 
2018. Researcher applied the Demographic and Medical 
Information Data Collection Form to the participants in 
the sample followed by a face-to-face interview using the 
HeartScore Database (actual) and the Perceived CVD Risk 
Defining Form. Data collected from participants was entered 
on the HeartScore website to determine the actual CVD risks 
of participants for the next ten years (17,18,31). Men in the 
high-risk group were sent to family physicians while men in 
very high-risk group were sent to cardiologists. Moreover, 
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all participants were given written texts with the HeartScore 
system’s suggestions regarding the personal risk level, 
regardless of the risk level.

2.5. Ethical Considerations

Ethical approval was obtained from the ethics board for 
clinical research of Akdeniz university, (2018-02/70904504). 
Institutional permission was also obtained from a local 
governor (2018-03/522.03-E.89). All individuals provided 
written informed consent. This study was conducted in 
accordance with the principles of the Declaration of Helsinki.

2.6. Statistical Analysis

Data was analyzed using SPSS version 23.0 software. 
First, compliance of variables with normal distribution 
was evaluated using the Shapiro Wilks test. Second, the 
Kruskal Wallis test was applied to evaluate more than two 
quantitative data groups along with descriptive statistical 
methods (mean, standard deviation, frequency), and the 
FPG and PPG of participants that influenced their CVD risk 
perceptions was evaluated. Later, the perceived CVD risk 
was compared to the actual CVD risk using cross-tabulations 
(McNemar-Bowker test). Third, the Chi-square test was 
applied to evaluate the qualitative data in which descriptive 
characteristics were influenced by participants՛ actual and 
perceived CVD risk level (except for FPG and PPG). Finally, 
in the assessment of perceived CVD risk factors, multivariate 
logistic regression analysis was applied. Coding for the 
logistic regression analysis was as follows. For the dependent 
variable. the participant’s correct determination of CVD risk 
was coded as “1,” and lower or higher determination of CVD 
risk than actual (wrong determination) was coded as “0.” 
Independent variables included the following.

Age

Two dummy variables were added since age was considered 
in three categories. For age dummy variable 1, the 51-60 age 
range was coded as “1,” and the 40-50 and 61-65 age ranges 
were coded as “0.” For age dummy variable 2, the 61-65 age 
range was coded as “1”, and the 40-50 and the 51-60 age 
range were coded as “0.”

CVD History in the Family–Hypertension (HT) and Diabetes 
mellitus (DM)

They were coded as “1” for Yes and “0” for No.

BMI

Two dummy variables were added since BMI was categorized 
in three categories. For BMI dummy variable, overweight was 
coded as “1”, and normal weight and obese were coded as 
“0”. For BMI dummy variable 2, obese was coded as “1,” and 
normal weight and overweight were coded as “0.”

Physical Activity

Two dummy variables were added since physical activity was 
considered in three categories. For physical activity dummy 
variable 1, a low level of activity was coded as “1,” and an 
inactive and sufficient level of activity was coded as “0.” 
For physical activity dummy variable 2, a sufficient level of 
activity was coded as “1,” and an inactive and low level of 
activity was coded as “0”.

3. RESULTS

Actual CVD risks and these affecting variables of participants 
are shown in Table 1. Accordingly, 60.8% of men were at a 
high/very high level of actual CVD risk. Very high risk of 
actual CVD in participants with hypertensive DBP (60.7%) 
was higher than normotensive (47.3%) and prehypertensive 
(52.3%). This difference is significant (p<0.01).

The risk for obese participants (60.5%) was higher than for 
normal weight (40.7%) and overweight individuals (52.8%) 
(p<0.01) while a very high actual CVD risk rate in participants 
with a sufficient level of physical activity (38.9%) was 
significantly lower than with an inactive level (61%) or a low 
level (52.4%) of physical activity (p<0.05).

The comparison between actual and perceived CVD risk is 
presented in Table 2. Accordingly, 8.3% were at high and 
52.5% of men very high risk for actual CVD risk, but only 
13.3% of men perceived their CVD risks as high and only 8% 
as very high level. Additionally, 60.8% of men were at high or 
very high risk for CVD over the next ten years. However, 78.8% 
perceived their CVD risk as low-moderate. Therefore, there 
were substantial gaps between the perceived and actual 
risk levels. Moreover, among those at very high risk, 78% 
perceived themselves at low or moderate CVD risk whereas 
20.3% of subjects with low risk for CVD overestimated their 
risk (wrong pessimism). Another important point is that only 
20.3% perceived their CVD risk as a high/very level while 
60.8% were at high or very high level of actual CVD risk (Table 
2).
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Table 2. Comparison of actual and perceived CVD risk

Perceived 
CVD Risk

Actual CVD Risk

P*Low Moderate High
Very 
high

Total

n (%) n (%) n (%) n (%) n (%)

Low 32 (8.0) 51 (12.8)
16 
(4.0)

115 
(28.8)

214 
(53.5)

0.001**
Moderate 19 (4.8) 24 (6.0) 9 (2.3) 49 (12.3)

101 
(25.3)

High 7 (1.8) 11 (2.8) 8 (2.0) 27 (6.8) 53 (13.3)
Very high 6 (1.5) 7 (1.8) 0 (0.0) 19 (4.8) 32 (8.0)

Total
64 
(16.0)

93 (23.3)
33 
(8.3)

210 
(52.5)

400 (100)

*The McNemar-Bowker test was used for statistical analysis. **p<0.01
Actual CVD risk was determined using HeartScore: low risk <1%; moderate 
risk ≤1-<5%; high risk ≤5-<10%, and very high risk ≥10% of CVD.
CVD: cardiovascular disease

Forty-eight percent of the participants perceive their CVD 
risks to be lower than they are and 23.8% to perceive it 
higher than they are. Correct estimation rate of CVD risk was 
28.2% (Table 3).

Table 3. Estimate condition of participants’ real and perceived CVD 
risks

Estimate condition of participants’ real and perceived CVD risks N %

Underestimate the risk (↓)
(Wrong optimist) 192 48.0

Identifying the risk of correctly (√)
(Realistic)

113 28.2

Overestimate the risk (↑)
(Wrong pessimistic)

95 23.8

aChi-Square Test bKruskal Wallis Test *p<0.05 **p<0.01 ***Combined 
with little high category since there was only one participant with high 
total cholesterol level. CVD: cardiovascular disease, HT: hypertension, FPG: 
fasting plasma glucose, PPG: postprandial plasma glucose, BMI: body mass 
index, DM: diabetes mellitus

Prevalence of CVD risk factors by perceived CVD risk of men 
may be seen in Table 4. 71.8% of participants were wrong 
in their perception in terms of their actual CVD risks (Table 

4). Univariate analyses are shown in Table 4; accordingly, 
age, HT, DM, BMI, family history and physical activity 
variables have influence on the correct determination of 
CVD risk. At this point, the rate of individuals in the 40-
50 age range have the same approximate determination 
perception and actual risk of CVD (37%) higher than 
individuals in the 51-60 age range (27.4%) and the 61-65 
age range (13.4%).

It was an a priori expectation that the healthy men in the 
study would have a more accurate perceived CVD risk 
compared with the unhealthy men. Accordingly, the results 
showed this to be the case only in the BMI categories 
(overweight) (Table 4). The details are as follows. Accurate 
detection of CVD risk (Table 4) in individuals without HT 
(30.8%) was higher than for those with HT (18.3%); accurate 
detection in individuals without DM (30.7%) was higher 
than for those with DM (14.8%); accurate detection for 
overweight individuals (35%) was higher than for those of 
normal weight (29.7%) and those who were obese (17.9%); 
accurate detection for those without a family history of CVD 
(37.7%) was higher than for those with a family history of 
CVD (26.3%); and, finally, accurate detection for individuals 
with a sufficient activity level (34.4%) was higher than for 
those who were inactive (28.8%) and those with a low level 
of activity (24.4%).

It was determined after putting the significant factors found 
in univariate analyses (shown in Table 4) through logistic 
regression analysis (Table 5) that participants in the 61-65 
age range and with DM failed to determine correct CVD risk. 
According to this, the 61-65 age range had 0.344 times more 
failure to determine the actual CVD risk compared to the 40-
50 age range and the 51-60 age [odds ratio (OR)=0.34, 95% 
CI: 0.16-0.73, (p<0.01)]. In addition, individuals with DM had 
0.45 times higher rate of failure to determine actual CVD risk 
compared to those without DM [OR=0.45, 95% CI: 0.20-0.99, 
(p<0.05)]. 
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Table 5. Analysis of the factors influencing perceived CVD risk in 
terms of actual CVD risk
Variables B SE OR 95% CI P
Age (51-60 years) -0.19 0.25 0.82 0.49-1.36 0.444
Age (61-65 years) -1.06 0.38 0.34 0.16-0.73 0.006
Family CVD history 0.45 0.29 1.57 0.89-2.79 0.117
HT -0.26 0.33 0.77 0.39-1.48 0.435
DM -0.79 0.40 0.45 0.20-0.99 0.048
Overweight 0.31 0.29 1.37 0.77-2.42 0.280
 Obese -0.51 0.34 0.59 0.30-1.16 0.132
Physical activity (Low level 
active)

-0.32 0.27 0.72 0.42-1.22 0.232

Physical activity (Sufficient 
level active)

-0.06 0.30 0.94 0.51-1.71 0.845

Constant -0.483 0.322 0.617 0.133

Multivariate logistic regression model
aActual CVD risk determination situations were included in the logistic 
regression model in two groups of right and wrong determinations. 
Moreover, only significant and close-significants were included in the 
analysis since not all the variables were included.
B: regression coefficient, SE: standard error, OR: odds ratio, CI: confidence 
interval, CVD: cardiovascular disease, HT: hypertension, DM: diabetes 
mellitus, BMI: body mass index

4. DISCUSSION

The most important finding of this study was that 71.8% 
of men were wrong in their perception of their CVD risks. 
Subsequently, 60.8% of men had a high/very high risk for 
actual CVD risk but only 20.3% of men perceived their CVD 
risks as high/very high. Individuals who do not think that they 
have a CVD risk are those who cannot adapt to risk reduction 
behaviors such as smoking cessation, etc. From this point 
forth, this finding is very important. Moreover, the study 
showed that in terms of substantially influencing the correct 
perception of CVD risk were factors that included being of 
a younger age; having a family history of CVD, HT, DM, or 
BMI; and having a physical activity level while at an older age 
and being DM. These findings highlights the predictors of risk 
perception for men for CVD.

In this study, it was observed that the participants had a 
skewed risk perception regarding CVD risks. About half are 
optimistic about CVD risks. This distorted perception may 
prevent them from taking action for risk management. 
Ideally, an individual’s perceptions of their risks should 
be compatible with their actual risks. Only 28.2% of the 
participants correctly defined their risks. In previous studies, 
it has been determined that adults have skewed perceptions 
of CVD risks (23,25-28, 46-51). It is important to evaluate 
the 10-year CVD risk of adults and to give recommendations 
regarding the lifestyle appropriate to their risks in maintaining 
their health (15,16,18,21).

62.2% of older men perceived their CVD risks as at a low level 
(Table 4) although age is a CVD risk-increasing factor. In other 
words, they may be defined as “wrong optimists.” Several 
other studies revealed that older men perceive their CVD 
risks as lower than their actual risk (23,27,46) while other 

studies stated that older men perceived a higher CVD risk 
than the actual risk (25,34,47).

The HeartScore program does not include family history 
in its risk calculation. A total of 33.3% of men who had a 
family history of CVD perceived a CVD risks lower than the 
actual CVD risk (Table 4). Available findings indicated that 
family history increased the sensitivity of family members. 
This study revealed that one out of three men with a family 
history of CVD had an incorrect perception of their CVD risk 
(Table 4). Contrary to this, conducted studies revealed that 
men with a family history of CVD tended to perceive their 
CVD risks at a high level (33,34,47).

Participants with HT were included in the direct high-risk 
group in the HeartScore calculation (18). However, in this 
study, more than half of men with HT (58.5%) perceived 
their risk as lower than the actual risk (Table 4). This finding 
indicates that a majority of men with HT are not aware of 
CVD risks. In similar studies, it was stated that men with HT 
perceive their CVD risks at a very low or zero level (33,46,47). 

This situation could be related to disease management 
and lack of CVD risk knowledge. Participants with DM are 
included in the direct very high-risk group in the HeartScore 
calculation (18). In this study, more than half of the men with 
DM (60.7%) perceived themselves to be in the low-risk group 
(Table 4). Similar studies revealed that men with DM perceive 
themselves to be in a lower risk group than their actual CVD 
risk level (27,33,48). It is possible to assert, upon evaluating 
this and other similar studies as a whole, that men with DM 
have a distorted CVD risk perceptions.

The correct CVD risk perception of the overweight group 
(35%) was higher than that of the group with normal weight 
(29.7%) and those who were obese (17.9%) (Table 4). 
Another study revealed that obese men have an accurate of 
risk perception of CVD (49). However, there are also studies 
that revealed that men with normal weight have a more 
accurate perception of their CVD risks (25).

This study determined that physically active men have a 
more correct CVD risk perception (Table 4). It is known that 
increased physical activity reduces CVD risks. Two other 
similar studies stated that physically active men perceive 
their CVD risks to be at a very low risk level (25,26). Hence, 
it can be said that physically active men have a correct 
perception of CVD risk.

Logistic regression analysis was performed here, as it is 
thought that there may be masking or confounding variables 
in determining the factors affecting the perceived risk of 
cardiovascular disease. Accordingly, it was determined that 
elderly (61-65) and individuals with DM misunderstood 
the cardiovascular disease risks (p<0.05). According to 
HeartScore, age is an important variable and advancing age 
increases the risk level (49). Contrary to the findings of this 
study, according to the relevant studies, it was determined 
that older men consider themselves to be at high risk for 
CVD (25,34,47,50). The lower educational level of older men 
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in this study may be a reason for not perceiving the risks 
correctly.

In various studies, it has been determined that the perceived 
CVD risks of men diagnosed with DM are at a lower level 
compared to the actual CVD risks (27,33,47,51). Once the 
studies in the literature evaluating the perceived CVD risks 
of men diagnosed with DM are evaluated as a whole, it is 
evident that the perceived CVD risks of men with diabetes are 
at a lower level compared to their actual CVD risks. However, 
it is known and acknowledged that men with DM are at a 
very high risk level in terms of CVD risk. Therefore, it can be 
said that men diagnosed with DM have a false perception 
of risk for CVDs, and it is necessary to provide informative 
trainings regarding CVD risks to men with DM and to inform 
them with respect to behaviors that help to reduce CVD risks 
in this manner.

Logistic regression analysis was performed here, as it is 
thought that there may be masking or confounding variables 
in determining the factors affecting the perceived risk of 
cardiovascular disease. Accordingly, it was determined that 
elderly (61-65) and individuals with DM misunderstood 
the cardiovascular disease risks (p<0.05). According to 
HeartScore, age is an important variable and advancing age 
increases the risk level (47). Contrary to the findings of this 
study, according to the relevant studies, it was determined 
that older men consider themselves to be at high risk for 
CVD (25,34,45,48). The lower educational level of older men 
in this study may be a reason for not perceiving the risks 
correctly.

In various studies, it has been determined that the perceived 
CVD risks of men diagnosed with DM are at a lower level 
compared to the actual CVD risks (27,33,45,49). Once the 
studies in the literature evaluating the perceived CVD risks 
of men diagnosed with DM are evaluated as a whole, it is 
evident that the perceived CVD risks of men with diabetes are 
at a lower level compared to their actual CVD risks. However, 
it is known and acknowledged that men with DM are at a 
very high risk level in terms of CVD risk. Therefore, it can be 
said that men diagnosed with DM have a false perception 
of risk for CVDs, and it is necessary to provide informative 
trainings regarding CVD risks to men with DM and to inform 
them with respect to behaviors that help to reduce CVD risks 
in this manner.

5. CONCLUSION

These results showed that more than half of the participants 
were at a very high level of CVD risk, and approximately one 
out of two men perceived their CVD risk to be lower than 
their actual risk. We suggest that the CVD risks and risk 
perceptions of men in 40-65 age range should be determined 
periodically. Distorted CVD risk perception may hinder the 
search for good health. Therefore, more frequent training 
and consultation should be offered, especially to individuals 
with diseases that increase CVD risk.
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ABSTRACT

Objective: To compare patient-related and clinical-related characteristics of endodontic patients, before and during the COVID-19 pandemic.

Methods: The study population comprised 506 patients (teeth: n=674) aged 13–81 years who attended undergraduate dental clinics in the 
Endodontics Department of the Faculty of Dentistry at Biruni University for endodontic treatment. Patient-related and clinical-related data were 
compared at two time intervals: before the first COVID-19 case was reported in Turkey and after the first COVID-19 case was reported in Turkey.

Results: There were no significant differences in terms of age and sex of the patients attending the clinics before versus during the pandemic. 
The incidence of reported pain before the pandemic was significantly lower than that reported during the pandemic (p=0.041). Periapical 
health before the pandemic was significantly better than that during the pandemic (p<0.001). The frequency of a diagnosis of asymptomatic 
irreversible pulpitis before the pandemic was significantly higher than that during the pandemic (p<0.001). The frequency of a diagnosis of 
asymptomatic apical periodontitis was higher during the pandemic than before the pandemic (p<0.001).

Conclusion: These results may be explained by patients, other than those with severe symptoms, not wishing to attend endodontics clinics 
during the pandemic due to concerns about contracting the virus and passing the infection to family members.

Keywords: COVID-19, endodontic diagnosis, PAI score, pandemic, systemic disorders

Tuna Kaplan , Sema Sonmez Kaplan
Biruni University, Faculty of Dentistry, Department of Endodontics, Istanbul, Türkiye.

Correspondence Author: Sema Sonmez Kaplan
E-mail: semak@biruni.edu.tr

Received: 27.09.2021 Accepted: 22.06.2022

Comparison of Clinical-related Characteristics of Endodontic 
Patients Before and During the COVID-19 Pandemic

1. INTRODUCTION

An outbreak of coronavirus disease 2019 (COVID-19) 
caused by a new coronavirus named severe acute 
respiratory syndrome coronavirus 2 was reported in Wuhan, 
Hubei, China in late December 2019 (1). The virus spread 
throughout China before then spreading to other countries, 
leading to a pandemic and international health crisis (2). 

Inhalation and direct contact were suggested as the most 
likely transmission routes (1). The World Health Organization 
(WHO) announced COVID-19 a pandemic on March 11, 
2020, after which most countries instigated various virus 
transmission prevention measures, including lockdowns, 
travel bans and closing services not considered essential (3). 
By the end of December 2020, vaccination had commenced 
in a number of countries with the aim of decreasing the 
spread of COVID-19. Globally, as of March 11, 2021, the WHO 
had reported over 118.3 million COVID-19 cases and over 2.6 
million COVID-19-related deaths (4).

Although vaccination started gradually, people’s lives 
did not return to normal. Many patients did not return 

to endodontics clinics for treatment, most likely due to 
concerns about contracting the virus. Clinical education 
in dentistry faculties resumed in Turkey in October 2020. 
Treatment in undergraduate dental clinics also resumed at 
this time. Endodontics clinics are unique among dental clinics 
in that the patient population tends to comprise individuals 
with severe odontogenic pain. Pulpal and periapical diseases 
account for a significant number of all dental emergencies 
(5,6). Symptomatic irreversible pulpitis, symptomatic apical 
periodontitis and acute apical abscesses are the most 
common endodontic emergencies (5-7). Although patients 
with these disorders may have no clinical symptoms for some 
time, radiological signs of an endodontic infection may be 
detected during routine checkups.

The COVID-19 pandemic poses a risk to many individuals, 
particularly those with systemic disorders. Dental patients 
with systemic disorders may feel particularly vulnerable to 
contracting the virus. The dental treatment requirements 
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of individuals with systemic disorders during the pandemic 
need to be addressed (8).

There are no retrospective studies on clinical-related 
characteristics of endodontic patients before and during the 
COVID-19 pandemic. The purpose of the present study was 
to compare patient-related (age, sex and systemic disorders) 
and clinical-related (tooth type, symptoms, periapical index 
(PAI) scores and endodontic diagnoses) characteristics of 
endodontic patients, before versus during the COVID-19 
pandemic.

2. METHODS

The present study was approved by Biruni University 
Institutional Review Board, Turkey (19.03.2021 – 2021/49-15).

2.1. Patient Selection

The study population comprised 506 patients (teeth: 
n=674) aged 13–81 years who visited student clinics in the 
Endodontics Department of the Dentistry Faculty at Biruni 
University for endodontic treatment at two time intervals: 
between October 7, 2019 and January 10, 2020 (Fall semester 
of the 2019–2020 academic year and before March 11, 2020 
when the first COVID-19 case in Turkey was recorded) and 
between October 5, 2020 and January 08, 2021 (Fall semester 
of the 2020–2021 academic year and after March 11, 2020 
when the first COVID-19 case in Turkey was recorded). Data 
on the patient’s age, sex and medical and dental histories 
were obtained from the patient database system. In total, 
the records of 315 patients (teeth: n=408) before the first 
reported COVID-19 case in Turkey and 191 patients (teeth: 
n=266) after the first reported case were evaluated.

Patients older than 13 years whose endodontic treatment had 
been performed by fourth – or fifth-year dental undergraduate 
students and for whom periapical radiographs of the area of 
interest were available for diagnosis were included in the 
present study. Pregnant patients, patients with cellulitis, 
patients with diffuse soft tissue bacterial infections or intra 
– or extra-oral swellings and patients whose radiographies 
were difficult to examine were excluded, as well as teeth with 
periapical cysts, trauma, apical surgery, endo-perio lesions, 
third molar teeth and retreated teeth.

2.2. Patient Eecords’ Assessment

The patients were divided into the following age groups: 13 
– to 19-year, 20 – to 29-year, 30 – to 39-year, 40 – to 49-year, 
50 – to 59-year and 60+ year. For all patients, the following 
parameters were recorded: age, sex and systemic disorder 
history; tooth type; presence of pain and swelling; PAI 
score; and endodontic diagnosis. Data on medical treatment 
histories, current meical treatments and current drug use 
were recorded. Cardiovascular diseases, hypertension, 
diabetes, chronic kidney disease, respiratory disease, chronic 
liver disease gastrointestinal disease, obesity, cancer and 
blood disorders were regarded as systemic disorders.

2.3. Clinical Assessment

The clinical assessment was based on subjective and 
objective findings. In terms of subjective findings, chief 
complaints, such as symptoms, duration, location, onset and 
pain stimuli, were recorded. In relation to objective findings, 
facial symmetry, sinus tract (if any), soft tissue, caries and 
restorations were recorded. Pulp tests were performed if 
necessary, as well as percussion and palpation tests (9). No 
evoked or spontaneous pain was classified as ‘no pain’. Pain 
that was not spontaneous but provoked by hot, chewing, 
percussion or palpation was considered ‘evoked’ pain. 
Severe, sharp and continuous pain, which kept the patient 
awake at night and persisted after removal of the stimulus, or 
deep, continuous, dull and throbbing pain, which increased 
on biting, was considered ‘spontaneous’ pain’. Swelling was 
classified as ‘no swelling’ or ‘swelling’, with swelling referring 
to localized swelling of associated soft tissue.

2.4. Radiographic Assessment

The periapical status was determined using the PAI suggested 
by Orstavik et al. (10), in which the periapical section on a 
radiograph is scored as below:

1 = Normal periapical structures

2 = Small changes in bone structure

3 = Changes in bone structure with some mineral loss

4 = Periodontitis with well-defined radiolucent area

5 = Severe periodontitis with exacerbating features

Teeth with more than one root were categorized according to 
the root with the highest score. The periapical status of all 674 
teeth involved in this study were analysed radiographically. 
The PAI scores were determined based on periapical 
radiographs taken using a phosphor plate system (Dürr 
Dental, Bietigheim-Bissingen, Germany), using the parallel 
technique for standardization. The radiographs were analysed 
by two experienced endodontists using Picture Archiving 
and Communication Systems software version 1.1.1.6 for 
Windows 10 (Microsoft Corporation, Redmont, WA, USA) 
displayed on a 28-inch Samsung LU28H750UQMXUF monitor 
(Samsung Electronics, Seoul, South Korea) with 3,840 x 
2160 pixel resolution. Before examining the radiographs, 
for calibration training, each examiner assessed a series 20 
radiographs not related to this study. Cohen’s kappa was 
used to assess inter-examiner consensus. A value of 0.89 
denoted excellent agreement. Disagreement between the 
two examiners in the radiographic examinations was resolved 
through discussion until consensus was reached.

2.5. Diagnostic Assessment

The endodontic diagnoses were based on the criteria of the 
American Association of Endodontics and American Board of 
Endodontics (11). According to these criteria, asymptomatic 
irreversible pulpitis was considered vital inflamed pulp that 
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failed to resolve in patients without symptoms. Symptomatic 
irreversible pulpitis was considered vital inflamed pulp that 
failed to resolve in patients with mild symptoms, which that 
did not impact on routine activities, or discomfort, which had a 
moderate or severe impact on routine activities. Asymptomatic 
apical periodontitis was considered inflammation of pulpal 
origin or destruction of the apical periodontium in patients 
with no clinical symptoms. Symptomatic apical periodontitis 
was classified as inflammation of pulpal origin or destruction 
of the apical periodontium in patients with discomfort that 
had a moderate or severe impact on routine activities and 
responded painfully to chewing, percussion or palpation. 
An acute apical abscess was classified as an inflammatory 
reaction to pulpal infection and necrosis, with rapid onset 
of spontaneous pain and swelling. A chronic apical abscess 
was considered an inflammatory reaction to pulpal infection 
and necrosis, with gradual onset and no or mild discomfort, 
discharge of pus through a sinus tract.

2.6. Statistical Analysis

All statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 22 (IBM Corp., Armonk, NY). 
Descriptive statistical methods (mean, standard deviation 
and frequency) were used for evaluation of the study data. A 
chi-square test and Fisher’s exact chi-square test were used 
for comparison of qualitative data. A value of p<0.05 was 
considered significant.

3. RESULTS

Table 1 provides information on the distribution of the 
patients according to age, sex and presence and type of 
systemic disorders. There were no significant differences in 
terms of age, sex or presence and type of systemic disorders 
before versus during the pandemic (p=0.619, p=0.533, 
p=0.994 and p>0.05, respectively; Table 1).

Table 2 shows the distribution of tooth type, the presence 
and type of pain, the presence of swelling and periapical 
health and endodontic diagnoses before and during the 
pandemic. There was no significant difference between 
tooth types before versus during the pandemic (p=0.111). 
The incidence of reported pain before the pandemic was 
significantly lower than that reported during the pandemic 
(p=0.041) (Fig.1). In terms of pain types and swelling, there 
was no significant difference before versus during the 
pandemic (p=0.855 and p=1.000, respectively). Periapical 
health before the pandemic was significantly better than that 
than during the pandemic (p<0.001) (Fig. 2). The prevalence 
of a diagnosis of asymptomatic irreversible pulpitis was 
significantly higher before the pandemic as compared with 
that during the pandemic (p<0.001). The prevalence of a 
diagnosis of asymptomatic apical periodontitis diagnosis 
before the pandemic was lower than that during the 
pandemic (p<0.001). There were no statistical differences in 
terms of the frequencies of symptomatic irreversible pulpitis, 

symptomatic apical periodontitis, acute apical abscess and 
chronic apical abscess diagnoses before versus during the 
pandemic (p>0.05) (Fig. 3).

Table 1. The distribution of the patients according to age, sex, 
presence and type of systemic disorders in terms of pandemic 
(n=506)

Before 
Pandemic

During 
Pandemic

n (%) n (%) p

Age 13-19 59 (18.7) 45 (23.6) 10.619

20-29 62 (19.7) 44 (23)

30-39 73 (23.2) 38 (19.9)

40-49 64 (20.3) 32 (16.8)

50-59 29 (9.2) 17 (8.9)

60+ 28 (8.9) 15 (7.9)
Sex Male 128 (40.6) 83 (43.5) 10.533

Female 187 (59.4) 108 (56.5)
Systemic 
Disorders

Present 71 (22.5) 43 (22.5) 10.994

Absent 244 (77.5) 148 (77.5)
Systemic 
Disorders

Cardiovascular 
diseases 9 (12.7) 10 (23.3)

20.226

Hypertension 36 (50.7) 18 (41.9) 20.470

Diabetes 9 (12.7) 8 (18.6) 20.555

Respiratory 
disease 10 (14.1) 7 (16.3)

20.962

Chronic kidney 
disease 4 (5.6) 0 (0%)

30.295

Chronic liver 
disease 7 (9.9) 1 (2.3)

30.255

Gastrointestinal 
disease 4 (5.6) 0 (0%)

30.295

Cancer 1 (1.4) 2 (4.7) 30.556

Obesity 3 (4.2) 3 (7) 30.671

Blood disorders 4 (5.6) 6 (14) 30.174

1Chi-square test 	 2Continuity (yates) correction	 3Fisher’s Exact test

Figure 1. The frequency of pain in terms of before and during 
pandemic
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Table 2. The distribution of tooth type, presence and type of pain, 
presence of swelling, periapical health and endodontic diagnosis in 
terms of pandemic (n=674)

Before 
Pandemic

During 
Pandemic

n (%) n (%) p
Tooth Type Maxillary anterior 44 (10.8) 36 (13.5) 0.111

Maxillary premolar 101 (24.8) 55 (20.7)
Maxillary molar 102 (25) 51 (19.2)
Mandibular 
anterior 21 (5.1) 10 (3.8)
Mandibular 
premolar 53 (13) 38 (14.3)
Mandibular molar 87 (21.3) 76 (28.6)

Pain Absent 106 (26) 51 (19.2) 0.041*
Present 302 (74) 215 (80.8)

Type of Pain Evoked 131 (43.4) 95 (44.2) 0.855
Spontaneous 171 (56.6) 120 (55.8)

Swelling Absent 394 (96.6) 257 (96.6) +1.000
Present 14 (3.4) 9 (3.4)

Periapex Healthy 368 (90.2) 202 (75.9) <0.001*
Not healthy 40 (9.8) 64 (24.1)

Diagnosis
Asymptomatic 
irreversible pulpitis 124 (30.4) 33 (12.4)

<0.001*

Symptomatic 
irreversible pulpitis 85 (20.8) 72 (27.1)
Asymptomatic 
apical periodontitis 108 (26.5) 111 (41.7)
Symptomatic 
apical periodontitis 76 (18.6) 36 (13.5)
Acute apical 
abscess 14 (3.4) 9 (3.4)
Chronic apical 
abscess 1 (0.2) 5 (1.9)

Chi-square test 		  +Continuity (yates) correction	  *p<0.05

Figure 2. The status of periapical health in terms of before and 
during pandemic

Figure 3. The distribution of endodontic diagnosis in terms of before 
and during pandemic

4. DISCUSSION

Undergraduate clinics in the endodontics department of our 
dentistry faculty resumed practice in the fall term of 2020–
2021 academic year. As shown in this study, a smaller number 
of patients (n=191) visited these clinics during this period as 
compared with the same period the previous year (n=315). 
This finding was in accordance with that found in a research 
across the United States, which reported a decrease in the 
number of individuals attending endodontics clinics after the 
end of lockdowns (12). The decrease in numbers may be due 
to patients’ fears of contracting the virus in the clinics and 
transmitting it to their families.

In our study, the results revealed no difference in the 
ages of the patients attending clinics before versus during 
the pandemic. In terms of sex, more females than males 
attended the clinics during both time intervals. The latter 
may be explained by the relatively low percentage of 
working women in Turkey. In contrast, Yu et al. reported little 
difference in the percentage of male and female patients 
attending endodontics clinics in Wuhan during the COVID-19 
pandemic (13).

In present study, there was no significant difference in 
frequency of patients in the same age groups before versus 
during the pandemic. However, patients in the 30–39 year 
age group (23.2%) accounted for the majority of endodontic 
patients attending the clinics before the pandemic, whereas 
patients in the 13–19 year age group (23.6%) accounted 
for the majority of patients attending the clinics during the 
pandemic. This finding may be explained by schools being 
closed during the pandemic and children having a reduced 
risk of severe illness if infected with the virus. In contrast to 
our study, Yu et al. reported that those aged 45–64 years 
accounted for the majorioty of endodontic patients in their 
study on visits to endodontics clinics in Wuhan (13).
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The presence of a systemic disorder is a major risk factor for 
severe illness if contaminated with SARS-CoV-2 (14). In the 
present study, number of patients with systemic disorders 
attending our endodontics clinics during the pandemic did 
not decrease significantly as compared with the number 
before the pandemic. Hypertension was the most frequent 
systemic disorder both before and during the pandemic. 
This result was similar to that of Bogari et al., who reported 
that hypertension was the most common systemic disorder 
(63.7%) among their endodontic patients (15). As one in every 
three people worldwide is expected to develop hypertension 
in their lifetime (15), the high frequency of this disorder in our 
study is not unexpected. Clinicians have a duty to evaluate 
risk factors for this systemic disease as part of health care, 
especially during the pandemic.

In terms of tooth type and endodontic treatment, in our 
study, maxillary molars most frequently required treatment 
before the pandemic, whereas mandibular molars most 
frequently required treatment during the pandemic. Our 
results also showed that mandibular anteriors were the least 
likely teeth to require endodontic treatment both before and 
during the pandemic. Our study results were comparable to 
those of other studies in terms of tooth types most commonly 
requiring endodontic treatment. Abuzenada et al. noted 
that mandibular molars were the most commonly involved 
tooth considering the endodontic treatment (16). In contrast, 
Demirci et al. reported that maxillary molars were more 
vulnerable to caries than mandibular molars (17). Differences 
in patient profiles with respect to education, income or social 
class might explain the inconsistency between the results in 
our study versus those reported in the literature.

Johnson et al. reported that a higher number of patients 
visited emergency endodontics clinics before the COVID-19 
pandemic than during the pandemic (18). In our study, 
although there was a decrease in the number of individuals 
visiting undergraduate clinics of our endodontics department 
during the pandemic, the prevalence of individuals with 
the complaint of pain increased during the pandemic in 
comparison with the frequency before the pandemic (80.8% 
vs. 74%). In terms of evoked and spontaneous pain, the 
frequency was almost the same before versus during the 
pandemic in the present study. Both evoked and spontaneous 
pain are subjective findings. In the absence of confirmation 
by a clinical examination, subjective findings may not be a 
reliable indidcator of pain that occurred before and during 
the pandemic. In this study, the frequency of swelling was 
the same before the pandemic as during the pandemic. 
This may be due to swelling being a clinical emergency that 
caused patients to visit the clinic immediately, irrespective of 
the presence or absence of the pandemic.

A healthy periapical structure is vital for dental health. During 
the lockdown, all undergraduate clinics in dentistry faculties 
in Turkey were closed for at least 6 months. Therefore, 
treatment plans, both for patients midway through 
endodontic treatment and those scheduled to commence 
treatment could not proceed. As can be seen from the results 

of our study, the periapical health of the patients attending 
our clinics was significantly worse during the pandemic than 
before the pandemic. An increase in periapical lesions is to 
be expected, as no treatment was available while the clinics 
were closed. Rechenberg et al. pointed to a correlation 
between PAI scores and pain (19). In this study, PAI scores of 
the patients increased during the pandemic in comparison 
with those before the pandemic, indicating an unhealthy 
periapical apex and pain.

Previous studies reported that symptomatic irreversible 
pulpitis and symptomatic apical periodontitis were the 
most common endodontic diseases at the beginning of the 
pandemic (13,20). In our study, asymptomatic irreversible 
pulpitis and asymptomatic apical periodontitis were more 
common than other diseases before and during the pandemic, 
respectively. The inconsistency in the results might be 
explained by the earlier studies focusing on events during the 
first months of the pandemic (13,20). In the present study, 
patient records pertaining to the fall term of 2019–2020 
academic year were taken as the first time interval, and the 
records of the fall term of 2020–2021 academic year were 
taken as the second time interval. In addition, in our study, 
the high frequency of asymptomatic apical periodontitis was 
clearly associated with the increase in PAI scores during the 
pandemic.

5. CONCLUSION

In the present study , there was an increased frequency of 
pain and higher PAI scores detected during the pandemic 
versus before the pandemic. Furthermore, the frequency 
of asymptomatic apical periodontitis after the COVID-19 
pandemic was higher than normal. These results may 
be explained by patients, other than those with severe 
symptoms, not wishing to attend endodontics clinics during 
the pandemic due to concerns about contracting the virus 
and passing the infection to family members.
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ABSTRACT

Objective: The aim of the study is to determine the Extended-Spectrum β-Lactamases (ESBLs) by three different phenotypic methods of the 
Escherichia coli (E. coli) strains that isolated from various clinical samples.

Methods: A total of 93 E. coli samples were isolated from hospitalized patients. Antibiotic susceptibility tests were done by automated system 
Phoenix 100 (Becton Dickinson, Sparks, MD, USA). ESBL production was tested by double disc synergy test (DDST), combined disc test (CDT) 
and three-dimensional test (TDT). All statistical analyses were done using statistical packages SPSS Demo Ver 22 (SPSS Inc. Chicago, IL, USA).

Results: In the investigation of ESBL production among E. coli species, 87 (93.5%) strains were ESBL positive by DDST, 73 (78.5%) strains were 
ESBL positive by CDT, 71 (76.3%) strains were ESBL positive by TDT. According to statistical analysis: There were statistical differences between 
DDST-CDT (p=<0.001) and DDST-TDT (p=<0.001). However, there was no statistical difference between CDT-TDT (p=0.207)

Conclusion: According to our study results, DDST test was more advantageous than CDT and TDT such as was not require additional financial 
expenditure and time, and can be easily used in routine laboratories. Therefore, routine monitoring of ESBL with DDST should be determined 
because of the conspicuous prevalence of ESBL forming and multidrug-resistant of E. coli.
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Which Phenotypic Method Is the Most Accurate for Detection 
of Extended – Spectrum β-Lactamases (ESBLs) in Escherichia 
coli ?

1. INTRODUCTION

Escherichia coli (E. coli) is a member of the normal flora which 
find in the gastrointestinal tract of humans. Since E. coli 
normally does not cause diseases, it is cause diseases when 
pass to a different tissue and organ. Although gastroenteritis 
is the main infection, they cause meningitis, peritonitis, 
septicemia and pneumonia (1). Extended-Spectrum 
β-Lactamases (ESBLs), a penicillin degrading penicillinase, 
was first discovered by Abraham and Chain in the late 1930s 
in a E. coli strain. ESBLs are enzymes that hydrolyze oxyimino 
cephalosporins, which can be inhibited by clavulonic acid (2). 
Until today, approximately 400 beta lactamase enzymes has 
been demonstrated, and nearly 150 of them ESBLs. ESBLs are 
responsible for resistance of broad spectrum cephalosporins 
and monobactams. ESBLs production and its rapid spread 
among bacteria has been causing serious problems in recent 
years (3) 

.

Beta-lactam antibiotics inhibits bacterial cell wall formation 
by interfering with the protein necessary for cell wall 
formation where later bacteria are either killed or inhibited 
from growth. Penicillin-binding protein (PBP) considered as 

a specific role in the synthesis of peptidoglycan, and beta-
lactam antibiotics bind to these PBP which later leads to 
lysis and death of cells. Beta-lactam antibiotics are primarily 
divided into four groups: penicillins, cephalosporins, 
monobactams, carbapenems (4).

Nosocomial infections caused by multidrug resistance of E. 
coli are associated with the highest mortality and the huge 
treatment costs in to the world (5). According to the WHO, at 
least 700,000 people were died each year, and it is estimated 
that drug-resistance could cause 10 million deaths each year 
by 2050, with a significant socioeconomic impact (6).

Although the antibiotic resistance detection is important, 
ESBLs producing bacteria are not detected by routinely 
antibiotic sensitivity tests (7,8). In ESBLs detection and 
verification tests are based on the demonstration of synergy 
between a third-generation cephalosporin and a beta-
lactamase inhibitor (usually clavulanıc acid) (9).The following 
phenotypic methods can be used to determine the ESBLs 
such as double disc synergy test (DDST), combined disc 
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test (CDT), three-dimensional test (TDT), E-test, automatize 
systems and molecular techniques (10).

The aim of the study was determined the ESBLs using three 
different phenotypic methods (DDST, CDT, and TDT) in E.coli 
strains.

2. METHODS

2.1. Design of Study

The study was conducted in the Microbiology Laboratory at 
the Department of Medical and Clinical Microbiology, in the 
Faculty of Medicine, Near East University. Total of 93 E. coli 
strains were included in the study. This study was approved 
by Near East University Ethics committee of 25.02.2021 / 
2021/88.

2.2. Identification and Antibiotic Susceptibility Test (AST)

Bacterial identification and ASTs were performed by full 
automated system Phoenix 100 (Becton Dickinson, Sparks, 
MD, USA) in line with the manufacturer’s recommendations. 
AST results were evaluated according to the EUCAST 
(European Committee on Antimicrobial Susceptibility Testing) 
criteria. E. coli ATCC 25922 used as negative control.

2.3. Double-Disc Synergy Test (DDST)

The bacterial suspension was prepared in accordance to 
the manufacturer’s standard density (0.45-0.55 McFarland) 
then spread on Mueller-Hinton Agar (MHA) (Merck, KgaA, 
Germany) plate. Ceftazidime (CAZ; 30 µg) , ceftriaxone (CRO; 
30 µg) (Cat. NO: ASD02300), cefotaxime (CTX; 30 µg), and 
aztreonam (ATM; 30 µg) (Cat. NO: ASD00700) were placed 
to plates to a disk contain amoxicillin‐clavulanic acid (AMC; 
20/10 µg) in the center, positioned at a distance of 20 mm 
(center to center). After incubation at 35°C overnight, the 
expansion of the inhibition zone around the cephalosporins 
or ATM towards the AMC disc, or the presence of a synergy 
area in which bacteria grows indicate the presence of ESBLs 
(Fig. 1). DDST has been done according to the EUCAST 
guidelines (11).

2.4. Combined Disc Test (CDT)

 The bacterial suspension was prepared in accordance to the 
manufacturer’s standard density (0.45-0.55 McFarland) then 
spread on MHA (Merck, KgaA, Germany) plate. CTX (30 µg) 
discs with cefotaxime/clavulanic acid (CTC; 40 µg) were placed 
on MHA plates. Plates were incubated at 35°C overnight. 
Inhibition zones around the discs with and without CTX/
clavulanic acid were measured. If the difference between the 
discs containing and without CTX/clavulanic acid was greater 
than or equal to 5 mm, ESBLs was considered positive. CDT 
has been done according to the EUCAST guidelines (Fig. 1).

Figure 1. ESBLs positive by combined disc test

2.5. Three-Dimensional Test (TDT)

The prepared bacteria suspension with a density of 0.5 
McFarland and spread on the agar plate. The medium was 
cut in a circle, close to the center of the petri dish, and 3 mm 
away from the antibiotic discs used. The formed medium line 
was filled with a liquid medium in which the microorganism 
to be tested was growing. After the inoculations were 
performed, CAZ (30 µg), CTX (30 µg), CRO (30 µg), and ATM 
(30 µg) discs were placed. The plate was then incubated at 
35°C for 16-18 hours. Heart-shaped distortion of the zone 
of inhibition around the antibiotic disc was indicated ESBLs 
production (Fig. 2).

Figure 2. : ESBLs positive by three dimensional test

2.6. Statistical Analysis

SPSS (Statistical Package of the Social Sciences) Demo Ver 22 
(SPSS Inc., Chicago, IL, USA) program was used for all statistical 
analysis of the data. Additionally, binary logistic regression 
was performed for comparison between methods. Relative 
risks was calculated as odds ratios (ORs) and 95% confidence 
intervals (CIs) by the use of binary logistic regression.

3. RESULTS

Antibiotic susceptibility test results of 93 E. coli strains 
were the resistance of amikacin were 0%, the resistant of 
amoxicillin/clavulanic acid were 63.4%, the resistant of 
ampicillin were 91.4%, the resistant of cefixime were 77.4%, 
the resistant of ceftazidime were 82.8%, the resistance of 
ceftriaxone were 81.7%, the resistance of cefuroxime were 
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63.4% , resistance of ciprofloxacin were 65.6%, the resistance 
of ertapenem were 0%, the resistance of fosfomycin were 
4.3%, the resistance of gentamicin were 23.7%, the resistance 
of imipenem were 0%, the resistance of meropenem were 
0%, the resistance of nitrofurantoin were 2.2%, the resistance 
of piperacillin/tazobactam were 30.1%, and the resistance of 
trimethoprim/sulfamethoxazole were 71.0% (Table 1).

Table 1. Antimicrobial susceptibility results of E. coli strains.

Antibiotic Name Susceptible /Resistance n (%)
Amikacin Susceptible 93 (100%)

Resistant 0 (0%)

Amoxicillin Clavulanic Acid
Susceptible 34 (36.6%)
Resistant 59 (63.4%)

Ampicillin Susceptible 8 (8.6%)
Resistant 85 (91.4%)

Cefixime Susceptible 21 (22.6%)
Resistant 72 (77.4%)

Ceftazidime Susceptible 16 (17.2%)
Resistant 77 (82.8%)

Ceftriaxone Susceptible 17 (18.3%)
Resistant 76 (81.7%)

Cefuroxime Susceptible 34 (36.6%)
Resistant 59 (63.4%)

Ciprofloxacin
Susceptible 32 (34.4%)
Resistant 61 (65.6%)

Ertapenem Susceptible 93 (100%)
Resistant 0 (0%)

Fosfomycin Susceptible 89 (95.7%)
Resistant 4 (4.3%)

Gentamicin Susceptible 71 (76.3%)
Resistant 22 (23.7%)

Imipenem Susceptible 93 (100%)
Resistant 0 (0%)

Meropenem Susceptible 93 (100%)
Resistant 0 (0%)

Nitrofurantoin Susceptible 91 (97.8%)
Resistant 2 (2.2%)

Piperacillin/ Tazobactam Susceptible 65 (69.9%)
Resistant 28 (30.1%)

Trimethoprim/ 
Sulfamethoxazole

Susceptible 27 (29.0%)
Resistant 66 (71.0%)

According to the three different phenotypic test; 87 (93.5%) 
E. coli strains were ESBLs positive by DDST, 73 (78.5%) E. coli 
strains were ESBLs positive by CDT and 71 (76.3%) E. coli 
strains were positive by TDT. The comparative information of 
all three tests was shown in Table 2.

According to statistical analysis; comparing the DDST with 
other methods for highest accuracy rate, it was found that 
there was a statistically significant difference in the results. 
Accordingly, the difference between DDST-CDR and DDST-
TDT was statistically significant (p=<0.001; p=<0.001, 
respectively), but the difference between CDT-TDT was not 
significant (p=0.207).

Table 2. The results of double disc synergy test ,combined disc test, 
and three dimensional test.

Method to Detect ESBLs ESBLs in E. coli

DD
TS

Positive Number 87
Percent (%) 93.5%

Negative Number 6
Percent (%) 6.5%

Total 93 (100%)

CD
T

Positive Number 73
Percent (%) 78.5%

Negative Number 20
Percent (%) 21.5%

Total 93 (100%)

TD
T

Positive Number 71
Percent (%) 76.3%

Negative Number 22
Percent (%) 23.7%

Total 93 (100%)
DDT: Double Disc Synergy Test (DDT); CDT: Combined Disc Test (CDT); TDT: 
Three-dimentional Test; ESBLs: Extended-Spectrum Beta Lactamases

4. DISCUSSION

Beta-lactamase activity is the most important for resistance 
to beta-lactam antibiotics. The effectiveness of broad-
spectrum cephalosporins against to the Enterobacteriaceae 
family is challenged by newly emerging enzymes especially 
in the enzyme group called ESBLs. ESBLs is responsible 
for the development of resistance to beta-lactams such 
as aztreonam, ceftazidime, ceftriaxone, and cefotaxime. 
In Europe, these enzymes were first identified, then it is 
appeared in different countries, such as the United States of 
America and Japan. These spread of resistance were based on 
the using overuse and unnecessary of the third-generation 
cephalosporins (12,13). Epidemiological studies of the ESBLs 
in E. coli strains are important informations for public and 
hospital infection (14) .

Laboratory methods for screening and confirmation of 
ESBLs should be accurate, simple and rapid. There are 
several phenotype and molecular tests have been used for 
determine the ESBL (8). However, there are some limitations 
for the molecular methods such as experienced staff, costs 
and the complexity (15). This study aimed to investigate the 
most accurate phenotype methods for the detection of ESBL 
positive E.coli.

 Shaikh et al. indicated that 77.78% of E. coli isolates were 
ESBLs positive by DDST method (16); Mehrgan H. et al. 
(17) reported that 212 isolates of E. coli (49%) were ESBLs 
positive by DDST. In the study performed by Al-Muhtaseb et. 
al (18) ESBLs was studied with 59 E. coli isolates and ESBLs 
was positive in 20 samples (34%). Güzel M et al. (19) were 
found 81 ESBLs E. coli strains by CDT methods. Öztürk et. 
al (20) were reported that DDST and E-test (p=0.187) were 
found similar but, screening test was significantly effective 
than DDST (p<0.05) for E. coli strains. According to our 
results; DDST (93.5%) was more accurate than other test for 
determeing ESBLs.
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All phenotyping methods have advantages and disadvantages. 
The advantage of the TDT is simultaneous determination of 
antibiotic susceptibility and β-lactamase detection but not 
specific for determination of the ESBLs (21). For the CDT, 
the sensitivity is 79-97% and the specificity is 94-100%. Its 
advantages are easy, routine and cheap. The disadvantage of 
the CDT is that there is no standardization of the distance 
between the discs (22).

In our study, there were statistical differences between DDST-
CDT (p=<0.001) and DDST-TDT (p=<0.001). However, there 
was no statistical difference between CDT-TDT (p=0.207). 
Although, the EUCAST recommends the CDT test for detection 
of ESBLs by phenotyping methods, our results indicated that 
DDST had the highest percentage (93.5%) to determine the 
ESBLs. Limitation of the study were the moleculer techniques 
might be used for the determination of the ESBLs and then 
determine the source of the ESBLs either nosocomial nor 
community.

Infections caused by ESBL positive bacteria often constitute 
a problem for the therapeutic options and cause treatment 
failures. Therefore, detection of ESBL positive bacteria should 
be performed routinely in microbiology laboratories for the 
appropriate antimicrobial therapy can be instituted and the 
dissemination of ESBL positive bacteria may be prevented by 
employing appropriate infection control measures. Although, 
the molecular methods may provide accurate results in the 
identification of ESBL genes, their accessibility is often limited, 
and they are expensive. However, phenotypic methods are 
easy to perform and interpret. In our study, DDST was found 
to be a superior method than CDT and TDT for detection of 
ESBL positive bacteria.

According to studies resullts, we said that there is a 
missing laboratory knowledge and testing have generated 
several unresolved issues. The first step is a screening for 
reduced susceptibility to any of the screening agents such 
as cefotaxime, ceftriaxone, ceftazidime, cefpodoxime, or 
aztreonam. Therefore, confirmatory testing which is doing 
after a positive screening result, is based on tests with 
combinations of screening agents and the beta-lactamase 
inhibitor clavulanate. Confirmatory testing may need to one 
more day to deternine the ESBLs. If the laboratory reports a 
positive ESBL screening result and the isolate subsequently 
proves to be ESBL negative, the report could lead to 
unnecessary use of a carbapenem. On the other hand, if 
the laboratory withholds the positive screening result and 
the isolate is subsequently confirmed as ESBL positive, 
appropriate therapy may have been delayed for a day (22).

Unfortunately, a reporting rule cannot cover all situations. 
Rather, the need to report a positive screening result should 
be determined on a case-by-case basis using common sense 
and experience as guides, taking into account the patient’s 
status, infection control considerations, and the likelihood of 
a positive confirmatory test (based on prior experience with 
isolates from the same patient population). Using a reliable, 
rapid confirmatory test could minimize the time required 
for the second-step test and lessen this reporting dilemma. 

Another solution would be including ESBL confirmation 
testing in the routine susceptibility test.
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ABSTRACT

Objective: Unfavorable work environments are among the factors that affect nurses’ intention to leave. This study was explored to examine the 
relationship between nurses’ work environments and their intention to leave.

Methods: This cross-sectional and correlational design study was carried out with 547 nurses working in a university, a private hospital, and 
a teaching hospital between November 2016 and February 2017. The Practice Environment Scale of the Nursing Work Index and a question 
about intention to leave was used. Descriptive statistics, Pearson correlation and multiple linear regression analysis were used in the analysis 
of the data.

Results: The mean total score of scale was found to be M= 2.30±0.56 and nurses' perceptions of work environments to be unfavorable. It was 
found that; 13.9% of the nurses did not intend to leave, 35.5% had a low, and 50.8% had a high intention to leave. It was determined that 
unfavorable work environments increases intention to leave (R= .370, R2= .137, p<0.001).

Conclusion: This study found that it was nurses’ intention to leave was negatively affected by their work environments. Hospital and nurse 
managers should be aware of the need to create positive work environments in order to prevent nurses from leaving the profession.

Keywords: Favorable, intention to leave, nursing, shortage, work environment.
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The Relationship between Work Environments and Intention 
to Leave in Nursing: A Cross-sectional and Correlational Study

1. INTRODUCTION

Considering the fundamental role nurses play in health 
services, it is clear that creating favorable work environments 
is important for nurses (1). A healthy and positive work 
environment has an important place in maintaining patient 
safety and achieving the desired results in patient care 
(2). There are many results showing that favorable work 
environments have beneficial effects in many areas, ranging 
from job satisfaction to patient outcomes (3,4). On the other 
hand, it is known that the unfavorable working environment 
is one of the important factors affecting the intention to 
leave of the nurses (5,6).

The quality of care, patient safety, and patient/employee 
satisfaction will increase with the improvement of work 
environments. In addition, as a result of unfavorable work 
environments, a global nursing shortage is currently being 
faced (7). Among the factors that affect nurses leaving 
the profession, which is the most important cause of loss 
of workforce in nursing, are the insufficient number of 
nurses, job dissatisfaction, low wages, work stress, friction 

with colleagues, heavy workloads, and unfavorable work 
conditions (8,9,10). In addition to the negative impacts 
of unwanted departures on patients and nurses, it is also 
commonly agreed that nurses leaving increases costs 
(11). One of the strategies to prevent nurses leaving the 
profession is to improve their work environments. It is 
necessary to create healthy work environments and develop 
strategies to persuade nurses to stay in the profession and 
to develop the leadership skills of all the nurses employed 
in each institution.

Initial studies on creating healthy work environments for 
nurses were conducted in Canada and the United States 
and were opened to discussion in 2007 as the theme of that 
year’s the ICN. In the ICN’s report, it was stated that the 
most important problem triggering the crisis of a shortage 
of nursing staff was an unhealthy work environment and that 
this negatively affected both patient and nurse outcomes 
(12). Prior to this, a project launched by the Registered 
Nurses Association of Ontario (2003) in 2003 aimed to create, 

https://orcid.org/0000-0002-9773-8639
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“Healthy Work Environments Best Practice Guidelines” (13). 
The American Organization of Nurse Executives (2003) 
also examined changes and innovations in nursing work 
environments to solve the problem of nurse shortages in 
their study in 2003 (14). In another US study, the American 
Association of Critical-Care Nurses (2005) in 2005 defined 
standards for healthy work environments for nurses under 
six main headings (15).

In research conducted in Turkey, nurses evaluated the different 
dimensions of unfavorable/moderate work environments 
(1,4,16). In 2008, the Turkish Nurses Association published a 
report entitled “Working Conditions of Nurses in Turkey” (17). 
At the national level, the issue was examined in the “Quality 
Standards in Health – Hospital Version 5”, published in March 
2016 (18). However, the 12 standards covered include all 
health professionals and do not provide a framework for 
improving nurses’ work environments.

One of the aims of creating a healthy work environment 
for nurses in developed and developing countries is to 
retain nurses in institutions and in the profession (1). 
Although there are several reasons for the shortage of 
nurses, the key factor that alienates nurses from their 
work environment or the profession is the unfavorable 
work environment (11). Most studies have concluded that 
nurses intention to leave nursing due to unfavorable work 
environments (10,19,20).

The worldwide shortage of nurses has been exacerbated 
by the impact of the COVID-19 pandemic. According to 
the report published by ICN in 2022, there is a global 
need for 5.9 million nurses, and this need is predicted 
to increase to 13 million in the future (5). In the 
international literature, there are studies reporting that 
the rate of thinking about intention to leave of nurses 
during the pandemic varies between 3.1% and 45.2% 
(21,22,23). Unfavorable working environments such as 
exposure to coronavirus infection and illness of nurses 
working on the front lines due to the pandemic, lack of 
personal protective equipment, and burnout have shown 
an increase in the intention to leave (24,25). As stated 
in the ICN report, unfavorable working environments 
affect the intention to leave nurses (5). It is important to 
prevent nurses from leaving the organization where they 
work, as it affects the continuity and quality of patient 
care. Therefore, managers and policymakers have a great 
responsibility in improving the unfavorable working 
environments, which is one of the factors that cause 
nurses to intention to leave. Although there are studies in 
the literature that an unfavorable working environment 
affects leaving the job, this study aims to contribute to the 
literature by examining the work environment variables 
that affect the intention to leave, with a new sample, 
for this ongoing problem. Additionally, considering that 
favorable working environments are one of the factors 
that reduce the intention to leave that this study was 
carried out to determine the relationship between the 

working environment of nurses and their intention to 
leave.

2. METHODS

2.1. Study Design, Setting and Samples

This study was a cross-sectional and correlational design. 
This study was carried out in a university hospital, a private 
hospital, and a training hospital, which have the highest 
number of nurses in the city center where the research was 
conducted. The university hospital had a total of 450 nurses 
with a capacity of 1174 beds, the private hospital had a total 
of 178 nurses with a capacity of 201 beds and the teaching 
hospital had a total of 380 nurses and a capacity of 598 beds. 
The universe of the study consisted of all nurses who had 
worked in these three hospitals for at least six months (n: 
823). As a criterion for the samples, it was determined that 
the nurses had to have worked in the institution for at least six 
months in order to have valid concerns about the institution 
and to be able to evaluate the work environments. This 
study, it was aimed to reach the whole population without 
using any sampling method, and data were collected from 
603 nurses. However, 547 nurses filled in the data collection 
tools fully.

2.2. Measurements

2.2.1. The Practice Environment Scale of the Nursing Work 

Index (PES-NWI)

Nurses’ work environments were measured with PES-NWI 
(26). It was translated and adapted to Turkish by Türkmen 
et al. (2011) (27). The scale consists of 31 items and five 
sub-dimensions. This instrument uses a 4-point Likert-type 
scale (strongly agree = 1 to strongly disagree = 4). All items 
in the scale are reversed. Scale evaluation is made over the 
average scores of the total and sub-dimension items and 
a scale score between 1-4 is obtained. As the scores of 
individuals from the scale increase, their attitudes towards 
the work environment also increase in a positive way (26). 
In the Turkish version, the Cronbach’s alpha coefficient was 
found to be .94, while the Cronbach’s alpha coefficient was 
.95 in this study.

2.2.2. The Intention to Leave

The intention to leave the profession of the participants was 
measured using a question (28). The scale has five responses. 
Thinking about leaving ‘‘several times a month’’, ‘‘several 
days a week’’ or ‘‘every day’’ indicate high levels of intention 
to leave the profession; ‘‘several times a year’’ indicates a 
low level of intention to leave, and ‘‘never’’ signifies no 
intention to leave.



631Clin Exp Health Sci 2022; 12: 629-635 DOI: 10.33808/clinexphealthsci.991808

Work Environments and Intent to Leave in Nursing Original Article

2.3. Data Collection

Research data were collected between November 2016 and 
February 2017. All clinics were visited and the participants 
were informed about the study. The questionnaires were 
distributed to each nurse by the researcher and it was agreed 
that they would be completed. The average time to fill out 
the survey questions is 7-10 minutes.

2.4. Data Analysis

Data analysis was performed using the IBM SPSS version 28.0 
software (IBM Corp., Armonk, NY, USA). The results of the 
research were evaluated at the 95% confidence interval and 
p<0.05 significance level. Data on the nurses’ characteristics 
and distribution of intention to leave were presented with 
frequency and percentage. The evaluation of the total and 
sub-dimensions of the scale was based on mean, standard 
deviation, minimum, and maximum values. The relationship 
between intention to leave and the total and sub-dimensions 
of the work environment scale was evaluated with Pearson 
Correlation analysis, and work environment scale sub-
dimensions predicting intention to leave were presented 
with multiple linear regression analysis.

2.5. Ethical Consideration

Authorities who adapted the scale used in the study to Turkish 
were notified by e-mail. The study was approved by the Ethics 
Committee (IRB No: 2016/702). Written permissions were 
also obtained from the management of the hospitals where 
the research was conducted. Informed consent of the nurses 
is taken orally and the consent is indicated in the prepared 
questionnaire.

3. RESULTS

The mean age of the nurses was 31.03±7.98, 59.8% were 
married, and 41.9% were employed in a university hospital. 
It was determined that the average number of years of 
nursing experience in hospital was 7.53±7.05, 31.4% worked 
in surgical units, 29.4% worked in internal medicine units and 
87.9% worked as bedside nurses (Table 1).

The distributions of the intention to leave of the nurses are 
shown in Table 2. It was determined that 13.9% of the nurses 
did not intention to leave, 35.5% of them had a low intention 
to leave and 50.6% of them had a strong intention to leave 
(Table 2).

The mean total PES-NWI score was found to be 2.30 ± 0.56. 
When the mean scores obtained from the sub-dimensions 
were examined, the highest score of 2.47±0.64 was for the 
sub-dimension of “Nursing Foundations for Quality Care”, 
and the lowest score of 1.88±0.62 was for the sub-dimension 
of “Staffing and Resource Adequacy”. A significant and 
negative way correlation was found between the intention 

to leave and the total and sub-dimensions of the PES-NWI 
(Table 3).

According to the results of the regression analysis, a highly 
significant relationship at a medium level was identified 
between “Nurse Participation in Hospital Affairs”, “Nurse 
Manager Ability and Leadership”, “Nurse Foundations for 
Quality of Care”, “Collegial Nurse–Physician” and “Staffing 
and Resource Adequacy” and intention to leave (R= .370, 
R2= .137, p<0.001). These sub-dimensions were determined 
to explain 13.7% of the total variance in intention to leave. 
According to standardized regression coefficient (β)” Staffing 
and Resource Adequacy” and “Collegial Nurse-Physician 
Relationships” were found to have an effect on intention to 
leave (p <0.05) (Table 4).

Table 1. Nurses’ characteristics (n: 547)

Characteristics n (%)
Age (x ̄ ±Sd = 31.03±7.98)

19-28 251 (45.9)
29-39 202 (36.9)
40 or more 94 (17.2)

Marital status
Married 327 (59.8)
Single 220 (40.2)

Working Hospital
University Hospital 229 (41.9)
Teaching Hospital 186 (34.0)
Private Hospital 132 (24.1)

Years of nursing experience
in hospital (x±Sd = 7.53±7.05)

5 years or less 279 (51.0)
6-10 years 140 (25.6)
11 years or more 128 (23.4)

Working unit
Surgical units 172 (31.4)
Internal medicine units 161 (29.4)
Intensive Care Unit 70 (12.8)
Emergency 44 (8.0)
Operating Room 34 (6.2)
Management 34 (6.2)
Outpatient units 32 (5.9)

Position
Bedside Nurse 481 (87.9)
Senior / Intermediate Manager 34 (6.2)
Other* 32 (5.9)

* Outpatient units and polyclinics

Table 2. Distribution of intention to leave in nursing

Intention to Leave n (%)

No intention to leave 76 (13.9)

Low intention to leave 194 (35.5)

High intention to leave 277 (50.6)
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4. DISCUSSION

A lack of nurses in health institutions and a high number of 
nursing staff leaving the profession cause disruption to health 
care services. In this regard, it is important to determine the 
relationship between nurses’ work environments and their 
intention to leave, to improve their work environments and, 
to prevent them from resigning.

As a result of the findings of the study, it was determined 
that nurses’ perceptions of their work environments were 
negative way. The results of studies in the literature show that 
nurses perceive their work environments to be unfavorable 
at a moderate level (20,26,27,29). Unfavorable work 
environments can lead to a loss of staff, a decrease in the 
quality of care, and most importantly, an increase in medical 
errors. Therefore, managers have a major responsibility to 
improve work environments.

In the study, it was determined that the sub-dimension with 
the highest score was “Nursing Foundations for Quality of 
Care”. This result is in parallel to other studies which found 
that this sub-dimension had the highest score (20,26,27). 
Accordance to the Turkish Health Ministry’s service quality 
standards, using nursing care plans, and offering patient 
safety training and regular in-service training are thought to 
lead to high scores in this sub-dimension.

The lowest score in the study was found to be in the sub-
dimension of “Staffing and Resource Adequacy”. This 

sub-dimension, which influences work environments, has 
often been found to have the lowest score in other studies 
too (26,27,30,31). As the shortage of nurses is both a global 
and national problem, this may have led to the low scores for 
the “Staffing and Resource Adequacy” sub-dimension. This 
is likely to be a result of increasing workload experienced 
worldwide due to the insufficient number of nurses. In the 
“Organization for Economic Co-operation and Development 
(OECD) Health Statistics for the European Union and Turkey” 
published by the Turkey Ministry of Health the number of 
nurses per 1000 people between 2000 and 2013 in OECD 
countries was examined. The average rate in OECD countries 
was nine per 1000, but in Turkey, unfortunately, it was found 
to be fewer than two nurses per 1000 (32). These data explain 
why the nurses in this study found that staffing and resources 
were insufficient. In addition, the contractual employment of 
nurses and the fact that they are seen as easily expendable 
resources may lead to them leaving institutions. In terms 
of the institutions themselves, the lack of clear definitions 
of nurses’ duties, being obliged to do other professionals’ 
works, and the lack of support staff can lead to them 
developing a dislike for the profession and may cause 
them to leave an institution. Moreover, factors such as the 
inability of the managers to represent their employees, how 
specific problems are approached, not taking the opinions 
of the nurses into account when decisions are made and 
other related policies may affect whether nurses leave the 

Table 3. Correlation between Intention to Leave and the PES-NWI

Mean SD Min-Max 1 2 3 4 5 6
Intention to Leave (1) 2.76 1.22 1-5

PES‐NWI
Nurse Participation in Hospital Affairs (2) 2.24 0.63 1-4 -.291*

Nursing Foundations for Quality of Care (3) 2.47 0.64 1-4 -.216* .801*

Nurse Managers Ability and Leadership (4) 2.20 0.68 1-4 -.283* .830* .721*

Staffing and Resource Adequacy (5) 1.88 0.62 1-4 -.344* .583* .438* .608*

Collegial Nurse-Physician Relationships (6) 2.37 0.74 1-4 -.268* .641* .565* .575* .461*

PES‐NWI Total score 2.30 0.56 1-3.94 -312* .946 .902 890 670 722

PES‐NWI, Practice Environment Scale of the Nursing Work Index; SD, standard deviation
Min, Minumum; Max, Maximum. *p>0.01

Table 4. Regression analysis for determining the effect of the PES-NWI sub-dimensions of the Intention to Leave

Variables B Standart Error β t p
Intention to Leave
Constant 4.412 0.217 20.289 0.000*

Nurse Participation in Hospital Affairs -0.179 0.170 -0.093 -1.052 0.293
Nurse Foundations for Quality of Care 0.086 0.131 0.045 0.660 0.509
Nurse Managers Ability and Leadership -0.054 0.135 -0.031 -0.403 0.687
Staffing and Resource Adequacy -0.477 0.102 -0.243 -4.674 0.000*

Collegial Nurse-Physician Relationships -0.170 0.086 -0.104 -1.972 0.049*

                                     R= 0.370	    R2= 0.137	      F=17.216	                                             p<0.001
*p <0.05
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profession, and consequently lead to there being insufficient 
numbers of staff.

This study found that 13.9% of the nurses did not intend 
to leave the profession, 35.5% had a low and 50.8% had 
a strong intention to leave. In the study conducted by 
Çaylak and Altuntaş (2017), this number was 35.6% (19). 
Greinacher et al. (2021) reported that 30% (33), and Ying 
et al. (2021) reported that 20% of nurses intention to leave 
(34). According to the results of the study conducted by 
Lee et al. (2015) in Taiwan, it was determined that 59% of 
nurses intention to leave the profession (35). These results 
show that the intention to leave nursing is a problem in both 
developed and developing countries. The high likelihood of 
nurses leaving the profession in different countries suggests 
that the reasons affecting their decision to leave or stay are 
similar. A strong intention to leave is important in terms 
of demonstrating nurses’ job dissatisfaction. Inadequate 
employment conditions, negative perceptions of the roles and 
responsibilities of the profession, inadequate developmental 
and career opportunities, inequality in wage distribution and 
managerial problems can all lead to job dissatisfaction which 
affects nurses’ intention to leave.

According to the results of the regression analysis in this 
study, it was observed that the sub-dimensions of “Staffing 
and Resource Adequacy and Collegial Nurse-Physician 
Relationships”, which are two variables in the work 
environment scale, have an effect on intention to leave and 
that these variables predict intention to leave by 13.7%. In 
a study, it was determined that the satisfaction rate of the 
patients who received service in the unit with a sufficient 
number of nurses and where the collegial nurse-physician 
relations were good was higher. In stressful environments, 
conflicts between team members are inevitable and 
negative situations such as leaving the job are reflected 
in the organization. As a result of this study, the lack of a 
sufficient number of employees in the organizations seen 
and communication problems among colleagues affect the 
intention to leave. There are studies in the literature reporting 
that there are different variables that affect the intention to 
leave. In the regression analysis conducted by Çaylak and 
Altuntaş (2017), it was found that seven variables affected 
intention to leave by 16% (19). Kloutsiniotis and Mikhail 
(2017) study showed that job satisfaction had a 44% negative 
impact on intention to leave (36), while, in a study by Lavoie-
Tremblay et al. (2016), it had an 11% effect on intention to 
leave and was determined to be affected by weekly working 
hours, education, experience and the unit worked in (37). 
In Arslan and Kocaman (2016), study on Turkish nurses’ 
dissatisfaction, the number of years worked in the institution, 
emotional exhaustion, depersonalization, relations between 
nurses and physicians and lack of personnel and resources 
were determined to affect the nurses’ intention to leave the 
profession by 44% (38). In Leineweber et al. (2016) study 
conducted in 10 European countries, it was concluded that 
dissatisfaction and unfavorable work environments affected 
employment and the intention to leave nursing (10).

These studies investigate the effects of a different number 
of variables on the intention to leave nursing. The results 
show that there is no single variable which has an effect 
on the intention to leave and the effect of the variables on 
intention to leave changes at different rates. For this reason, 
it is thought that managers should analyze the variables 
that affect intention to leave well and take precautions 
accordingly.

5. CONCLUSION

This study was carried out to explore the relationship 
between nurses’ intention to leave the profession and their 
work environments. As a result of the study:

•	 Nurses’ perceptions of their work environments were 
unfavorable.

•	 The most positive perceptions of nurses for work 
environments were in the sub-dimension for “Nursing 
Foundations for Quality of Care”.

•	 Nurses’ most unfavorable perceptions of nurses were 
about the adequacy of staffing and resources in their 
work environments.

•	 50.6% of nurses had a high level of intention to leave.

•	 Nurses’ intention to leave is affected by their work 
environments.

One of the most important reasons for the decrease in 
the number of nurses in the world and in Turkey is nurses 
leaving the profession. A heavy workload, insufficient wages, 
job dissatisfaction and, in particular, an unfavorable work 
environment are among the factors that affect whether 
nurses will leave. We are confronted with the problem of 
a shortage of nurses due to the fact that although existing 
nurses continue to work, their commitment to the institution 
is not strong, and that nurses who are new to the profession 
often leave the profession after a short period of time. Nurse 
managers should determine nurse and patient ratios at 
regular intervals, plan nursing according to the patient profile, 
as well as ensuring that an appropriate number of staff are 
employed and that appropriate resources are available, as 
these are the factors most contributing to an unfavorable 
work environment. When under taking workforce planning, 
they should also take into account the results of studies about 
nurses’ intention to leave. In addition, nurses’ intention to 
leave should be measured at regular intervals and necessary 
measures should be taken to identify those who have a 
strong intention to leave.
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ABSTRACT

Objective: Eating disorders are classified as psychiatric diseases that include deterioration in eating behaviors and attitudes and has negative 
effects on the physical and mental health of the individual. The main objective of the study is to elaborate the psychosocial and psychopathological 
factors related to eating disorders among university students.

Methods: We have enrolled 199 female and 201 male volunteer students at Balıkesir University Faculty of Medicine. Participants were evaluated 
with a semi-structured questionnaire prepared by our institution regarding clinical experience and available information sources and according 
to DSM-V diagnostic criteria. Eating Attitude Scale, Ortho-15 Scale, Maudsley Obsessive Compulsive Question List, Rosenberg Self-Esteem Scale 
and Body Perception Scale were administered to all participants. Individuals with previously known or concomitant dementia, delirium, mental 
retardation, psychotic disorder diagnosis, depression with psychotic symptoms, and bipolar depression were not included in the study.

Results: The OCD sub-dimension and cleaning sub-dimension differed significantly according to the gender variable (p<0.05). The body image 
mean scores were significantly different in terms of the psychiatric diagnosis variable (p<0.05). Participants with psychiatric diagnosis had 
significantly higher obsessive compulsive disorder suspicion and rumination dimensions and body dissatisfaction scores. When the chronic 
disease variable was analyzed with the variables of eating attitudes, self-esteem, OCD symptoms and body image, it was found that the eating 
attitude differed significantly compared to the chronic disease variable (p<0.05). In addition, ortho-cognitive (p<0.05) and ortho-clinical (p<0.05) 
mean scores were found to differ significantly. The eating attitude scores were higher in people with chronic diseases.

Conclusion: This research showed that eating attitudes changed with sociodemographic characteristics and was correlated with obsessive 
compulsive disorder symptoms, body image and self-esteem. In this study we found that eating attitudes of university students had a significant 
relationship with psychopathological and psychosocial factors; such as obsessive compulsive disorder symptoms, body image and self-esteem.

Keywords: Body Image, Self-Esteem, Obcessive Compulsive Disorder, Sociodemographics, Eating Disorders
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The Prevalence and Related Factors of Eating Disorders and 
Eating Attitudes Among Balikesir University Students

1. INTRODUCTION

Eating disorders are classified as psychiatric diseases that 
include deterioration in eating behaviors and attitudes 
and has negative effects on the physical and mental 
health of the individual (1, 2). The psychopathology that 
lies beneath eating disorders are, especially bulimia 
nervosa (3) and anorexia nervosa (4) and the main 
problem is not over or under eating (5); excessive and 
unrealistic perception and exaggerated preoccupation 
with weight and appearance (6). The prevalence of eating 
disorders are increasing in young people due to the 
fact that eating attitudes are affected by many factors, 
especially in youth period (7). Gender and age take the 
first place amongst the factors affecting eating attitudes 
in the literature. The American Psychiatric Association 
reports that the incidence of Anorexia Neurosa (AN) 

increases between the ages of 15-19 and 40% of AN 
cases are in this age group (7,8). The majority of bulimia 
neurosa (BN) cases occur in university youth, which 
includes late adolescence, and before the age of 25 (8). 
When the effect of gender is evaluated, it is seen that 
especially young girls attach more importance to body 
image and aesthetics than boys and are more prone to 
eating disorders (9). Other factors affecting the eating 
attitude are body mass index (BMI), body dissatisfaction 
and practicing continuous diet (10, 11).

Apart from the factors that negatively affect the eating attitude, 
the combination of biological (genetic or neurochemical), 
developmental, cultural, individual, psychological, familial 
and environmental factors paves the way for the formation of 
eating disorders (12, 13). Recent studies in the USA indicate 

https://orcid.org/0000-0002-2182-5664
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that 3% of adolescent individuals have eating disorders (8) 
and quite similarly 2.3% in Turkey (13). In recent studies it 
has been suggested that eating disorders show their first 
symptoms especially in childhood and adolescence and 
later developmental periods may increase the risk of eating 
psychopathology (13). In previous studies stating (14,15) 
eating disorders were defined as a psychopathology that is 
handled with more than one theoretical framework and has 
different risk factors (16-20).

Considering the approaches emphasizing eating behavior 
and eating psychopathology, it is thought that cognitive 
behavioral approaches provide important information 
both in the explanation and effective treatment of eating 
disorders (9). Cognitive-behavioral approaches have stated 
that people’s attribute on excessive meaning to variables 
such as body image and weight and determine their own 
value through these two individual variables may trigger 
maladaptive eating behaviors (17-19).

Up to date extensive research have been conducted 
supporting the association of obsessive-compulsive 
symptoms in eating disorders and eating behavior disorders 
in obsessive-compulsive disorders (18,19). It is stated that the 
phenomenology of both disorders is similar, in both disorders 
there is a rigid, perfectionist structure, it is noteworthy 
that cognitive distortions and mental overwork are similar, 
and that once started, the problematic behavior cannot be 
stopped (20).

Previously it was published that the body image perception 
of people with eating disorders were similar to the symptoms 
of Body Dysmorphic Disorder (BDD) and those people have 
an over-evaluative attitude towards their body image. It is 
thought that OCD and eating disorders, which may have 
similar symptoms, may be a subject that experts have 
difficulty in diagnosing in clinical practice and there may be 
uncertainty about which condition is the trigger or whether 
it is seen simultaneously (21-23).

1.2. Study Hypothesis

Recent studies support that the rate of eating disorders in 
developing societies are as high as in western societies (24). 
It is noteworthy that studies on eating disorders are still 
scarce in Turkey.

Due to the fact that eating disorders are associated with 
more than one factor and the diversity of risk factors, this 
study was structured on the examination of eating behavior 
and related factors in young adult individuals and aimed to 
investigate the prevalence of eating attitudes and eating 
disorders in Balıkesir University students.

2. METHODS

This research has been conducted at Balıkesir University 
Faculty of Medicine between 27/09/2017 – 27/03/2018. 
The study has been approved by ethics committee (Date: 
04/10/2017 and protocole number 2017/86). Informed 

consent has been obtained from all the participants prior to 
questionairres.

We have enrolled 199 female and 201 male volunteer students 
at Balıkesir University Faculty of Medicine. Participants were 
evaluated with a semi-structured questionnaire prepared by 
our institution regarding clinical experience and available 
information sources and according to DSM-V diagnostic 
criteria. Eating Attitude Scale, Ortho-15 Scale, Maudsley 
Obsessive Compulsive Question List, Rosenberg Self-Esteem 
Scale and Body Perception Scale were administered to all 
participants.

The sociodemographic data form and all other scales were 
filled by the participant. Individuals with previously known 
or concomitant dementia, delirium, mental retardation, 
psychotic disorder diagnosis, depression with psychotic 
symptoms, and bipolar depression were not included in the 
study.

2.1. Statistical Analysis

SPSS 20 program was used in the statistical analysis of our 
study. The distribution of the data was determined by using 
appropriate statistical methods (Descriptive Statistics and 
Normality Analysis) as well as visual graphics. Independent 
Sample t-Test, One-Way Analysis of Variance (ANOVA), 
Tukey test or Mann Whitney U test were used for pairwise 
comparisons of groups. In the evaluation of categorical data, 
cross tables were made and chi-square test was used for 
comparisons. In addition, intergroup linkage analysis and 
comparison tests were performed. P<0.05 was accepted 
as statistical significance level, and it was studied at 95% 
confidence level.

The sample size has been calculated via Cochran (1977) 
sampling calculation method within 95% CI and 5% SE on 
minimum number of participants generating statistical 
significance (Cochran, W.G. (1977) Sampling Techniques. 3rd 
Edition, John Wiley & Sons, New York).

3. RESULTS

In order to examine the demographic variables, we have 
conducted a frequency analysis on their percentage 
distributions. The findings are given in Table 1. According to 
the initial analysis 67.8% of the participants were between 
the ages of 18-21 (n=271), 30% (n=120) were between the 
ages of 22-25 and 2.3% (n=9) were between the ages of 25-
30. A minority of the subjects (3.3%, n=13) reported that 
they had previous psychiatric diagnosis and 96.8% (n=387) 
declared none. The rate of chronic disease was 5.3% (n=21). 
When the Body Mass Index ranges of the participants were 
examined, 10% (n=40) were underweight, 69.8% (n=279) 
were normal, 16.5% (n=66) were overweight, and 3.5% were 
obose (n=15).
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Table 1. Frequency Distribution of Participants’ Demographic 
Variables

Demographic Variables (N=400) N %
Age 18-21 age 271 67,8

22-25 age 120 30,0
25-30 age 9 2,3

Gender Female 199 49,8
Male 201 50,3

Class 1 119 29,8
2 80 20,0
3 59 14,8
4 79 19,8
5 45 11,3
6 18 4,5

Marrital Status Single 397 99,3
Married 3 ,8

Living with Alone 43 10,8
With family 69 17,3
Dormitory 209 52,3
House Friend 79 19,8

Where she/he spent most of 
her life

Village/Town 22 5,5
District/Small town 145 36,3
City 233 58,3

Income Level <1000 TRY 269 67,3
1000-2000 TRY 118 29,5
2000-3000 TRY 10 2,5
>3000 TRY 3 ,8

Psychiatric Disease Yes 13 3,3
No 387 96,8

Chronic Disease Yes 21 5,3
No 379 94,8

Alcohol Yes 88 22,0
No 312 78,0

Smoking Yes 73 18,3
No 327 81,8

BMI Thin 40 10,0
Normal 279 69,8
Over weight 66 16,5
Obese 15 3,5
Total 400 99,8

Total 400 100,0

BMI values were calculated by the researcher in line with the participants’ 
height and weight information.

When the gender variable was examined with the variables 
of eating attitudes, self-esteem, OCD symptoms and body 
image, it was found that the OCD sub-dimension and cleaning 
sub-dimension differed significantly according to the gender 
variable (p<0.05). The cleanliness sub-dimension was found 
to be higher in women than in men. In addition, cognitive 
dimension (p<0.05), clinical dimension (p<0.05) and emotional 
dimension (p<0.05), which were the sub-dimensions of ORTO-
15 applied to the participants in order to measure their eating 
attitudes (p<0.05) differed significantly. It was found that the 
mean scores of orthorexia in terms of sub-dimensions were 
significantly higher than the mean scores of women (Table 2).

During the analysis of the psychiatric diagnosis variable with 
eating attitudes, self-esteem, OCD symptoms and body image 
variables, the OCD sub-dimensions of doubt (p<0.05) and 
rumination (p<0.05) were used for psychiatric diagnosis. The 
body image mean scores were significantly different in terms 
of the psychiatric diagnosis variable (p<0.05). Participants with 
psychiatric diagnosis had significantly higher OCD suspicion 
and rumination dimensions and body dissatisfaction scores.

When the chronic disease variable was analyzed with the 
variables of eating attitudes, self-esteem, OCD symptoms and 
body image, it was found that the eating attitude differed 
significantly compared to the chronic disease variable (p<0.05). 
In addition, ortho-cognitive (p<0.05) and ortho-clinical (p<0.05) 
mean scores were found to differ significantly. The eating 
attitude scores were higher in people with chronic diseases.

In Table 3, the first model, mean scores of EAT-40 (β= .257) and 
ORTO-15 (β= – .224) were found to significantly predict Maudsley 
total scores. It was observed that the participants’ EAT-40 scores 
(t=5.198; p<0.05) were significant at the rate of 15% and the 
ORTO-15 score explained 15% of the Maudsley total scores. In 
the second model, Self-Esteem and Body Perception mean scores 
were included in addition to the YTT-40 and ORTO-15 score 
averages, and the significance level of the explanatory relationship 
of eating attitudes in the model was examined. In line with the 
results, it was determined that 19% of the participants explained 
the Maudsley total score when the self-esteem and body image 
variables of the YTT-40 and ORTO-15 mean scores were included.

Table 2. Eating Attitudes and Correlation Analysis of Related Factors

1 2 3 4 5 6 7 8 9 10 11
Maudsley Control Sub-
dimension

1

Maudsley Cleaning 0.400** 1
Maudsley slowness 0.652** 0.369** 1
Maudsley doubt 0.555** 0.334** 0.500** 1
Maudsley rumination 0.644** 0.325** 0.662** 0.512** 1
Eating Habit 0.250** 0.257** 0.272** 0.197** 0.274** 1
Orto-15 Cognitive 0.100* 0.204** -088 0.123* 0.135** 0.251** 1
Orto-15 Clinic 0.249** 0.140** 0.241** 0.193** 0.360** 0.413** 0.408** 1
Orto-15 Emotional 0.173** 0.302** 0.156** -0.212** 0.232** 0.268** 0.621** 0.414** 1
Self Respect 0.174** 0.153** 0.189** 0.112* 0.249** 0.221** 0.049 0.159** 0.012 1
Body Perception 0.090 0.141** 0.089 0.133** 0.261** 0.096 -0.072 0.187** 0.084 0.151** 1

** p<0,01
* p<0,05
The numbers given in the column define the scale in the row.
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4. DISCUSSION

In this study, we have aimed to analyze the eating attitudes 
and related factors in university students. The findings 
obtained in the study could be elaborated as the distribution 
of sociodemographic variables, and secondly, examining the 
clinical variables such as eating attitude, obsessive-compulsive 
symptoms, self-esteem and body image. The age distribution 
was found to be in the range of 18-25. It has been reported 
that the participants mostly stayed in dormitories because 
they were university students. The participants stated that 
they mostly live in districts and metropolitan cities. The rate 
of participants with psychiatric and chronic diseases was 
lower than those without. When the distribution of the Body 
Mass Index (BMI) variable, which is important in terms of the 
research subject, is examined in line with the classification, it 
was seen that the participants have the highest rate of being 
normal weight and second group was overweight.

The Maudsley sub-dimensions were were found to be 
positively associated with eating attitude. This shows that 
OCD symptoms were high and eating psychopathology 
increaseed in the same direction. Another study conducted 
by Herrera Giménez (14) suggested that bulimia nervosa 
cases may be at risk of emotional eating attacks due to 
excessive emphasis on body image and weight. In a study 
conducted by Hovardaoğlu (15), body image was examined 
in schizophrenic and depressive patients. Accordingly, it was 
thought that body image could be an important factor in the 
clinical sample.

On the other hand, in another study conducted by Brechan 
and Kvalem (16), it was concluded that depressive symptoms 
and body dissatisfaction were associated with disordered 
eating behavior. In another study conducted by Shafran, 
Fairburn, Robinson, and Lask (17), it was stated that the need 
for self-control or avoidance of people regarding body image 
is associated with health eating behavior. It was suggested 
by Reas and colleagues (18) that avoidance behavior is 
frequently observed in overweight individuals as a result of 
the importance they attach to body image, and emotional 
eating behavior can be observed as a result of the emotional 
load caused by this situation. In a national study conducted 
by Hudson et al. (20), it was concluded that the prevalence of 
eating disorders was significantly associated with body image 
dissatisfaction.

It was observed that Maudsley OCD sub-dimensions were 
negatively related to orthorexia sub-dimensions. This showed 
that there was an inverse linear relationship between the 
psychopathological course of healthy living and nutritional 
behavior and obsessive-compulsive disorder. In addition, it 
was thought that healthy living and nutritional behaviors 
did not have high scores on the basis of averages and this 
was due to the fact that this situation cannot be evaluated 
from a psychopathological point of view. It was found that 
the Maudsley slowness and rumination sub-dimensions 
were positively related to body image, and the participants 
who reported obsessive-compulsive behavior in these sub-
dimensions had high body image scores. As stated by Shafran 
et al. (17) and Reas et al. (18), it can be thought that body-
checking behavior may progress at a psychopathological 
level, and because this condition progresses in an obsessive-
compulsive state, a situation that can be associated with OCD 
may occur for individuals (25-30). In this direction, it was seen 
that the findings obtained in the study were consistent with 
other studies in the literature. In addition, the high mean 
scores of the Rosenberg Self-Esteem Scale, which states that 
high scores lead to low self-esteem, and Maudsley OCD sub-
dimensions were positively related, and low self-esteem and 
OCD symptoms were high. Low self-esteem was also found to 
be associated with eating attitude, and high scores indicating 
inconsistency of eating attitudes and high self-esteem scores 
were linear.

In line with the results obtained, it was determined that the 
maladaptive and psychopathological course of the eating 
attitude explained the OCD level. In the other step of the 
analysis, the level of explanation of the OCD total score by 
the research variables in the explanatory relationship of body 
image and self-esteem was examined, and it was found that the 
explanatory power of eating attitudes increased significantly 
with the inclusion of body image and self-esteem. In this 
direction, it has been determined that body dissatisfaction and 
low self-esteem of individuals have a mediating function in the 
relationship between eating attitude and OCD symptoms. It 
was seen that the findings are similar to the research results in 
the literature in the field of eating psychopathology. As stated 
by Castellini et al. (31), body image and low self-esteem are 
common among the consequences of eating disorders. Adams 
et al. (32), published that discomfort due to body image was 
associated with individuals’ self-esteem. Low self-esteem 

Table 3. Linear Regression Analysis of Eating Attitude, Self-Esteem, Body Image and OCD Symptoms

Predictors Predicted B β R R2 Adjusted R2 t p
1 (Constant) 19.75 8.465 0

Eating Behaviour Maudsley Total 0.178 0.257 0.398 0.159 0.154 5.198 0*
Orto-15 -0.231 -0.224 -4.519 0*

2 (Constant) 11.890 4.361 0
Eating Behaviour Maudsley Total 0.147 0.213 0.453 0.206 0.198 4.293 0*
Orto-15 0.224 -0.217 -4.455 0*
Rosenberg 0.350 0.155 3.322 0.001*
Body Perception 0.037 0.137 3.002 0.003*

P<0,05 associated variable: OCD
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was observed in individuals who were dissatisfied with their 
appearance or who are worried about it. Wichstrøm and von 
Soest (33), on the other hand, argued that this situation has 
a two-way relationship and each of them has factors that can 
affect each other. In their prospective study, it was concluded 
that the relationship between adolescents’ self-esteem and 
body dissatisfaction was mutual. On the other hand, Ward and 
Hay (34) suggested that body dissatisfaction may accompany 
depressive symptoms and dysfunctional coping methods in 
depression, coping and body dissatisfaction, and this may be 
related to low self-esteem. In our country, Öyekçin (35) stated 
that in the etiological evaluation of eating disorders, self-
esteem and, accordingly, body image, which is shaped by the 
way a person evaluates himself or herself, may be an important 
factor in the emergence of eating disorders (35, 36).

Limitations of the Study

One of the limitations of the research is that it was carried 
out only on students studying at a university in Balıkesir. 
Therefore, the generalizability level of these results to the 
whole of Turkey or to a wider region is low. The fact that 
the questionnaire forms distributed in this study were not 
in digital media and were applied in print both increased the 
financial burden and limited the number of people reached. 
The questionnaire to be prepared in the digital environment 
will make it easier to reach a large number of university 
students and reduce the financial burden.

5. CONCLUSION

This research showed that eating attitudes changed with 
sociodemographic characteristics and was correlated with 
obsessive compulsive disorder symptoms, body image and 
self-esteem.In this study we found that eating attitudes 
of university students had a significant relationship with 
psychopathological and psychosocial factors; such as 
obsessive compulsive disorder symptoms, body image and 
self-esteem. The increase in scores of eating attitude and 
OCD symptoms were associated with image dissatisfaction 
and low self-esteem. Regarding the demographics of study 
population, one can say that Balıkesir University Faculty of 
Medicine students’ outcomes were consistent with other 
studies.
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ABSTRACT

Objective: The aim of this study is to physicians attitudes towards the COVID-19 vaccine.

Methods: Our research is a cross-sectional study, which was conducted between January 4th and February 26th, 2021. A Google Forms 
questionnaire was prepared according to the literature. The first part of the two-part questionnaire included the sociodemographic 
characteristics of the physicians and some variables thought to be related to COVID-19. In the second part, questions from the “Attitudes 
Towards COVID-19 Vaccine Scale (ATCVS)” were included. Multiple linear regression analysis with variables that were significant in univariate 
analysis was used for further analysis.

Results: Three hundred fifteen (71.9%) of a total of 438 participants stated that they were assigned to units related to COVID-19 during the 
pandemic. With more than 10 years of work in the profession, physicians had a more positive attitude towards vaccination than those with 1 – 
5 years’ experience. Most of the physicians reported that there were insufficient studies on these newly developed vaccines. Possible adverse 
effects, uncertainty about the efficacy and safety of the vaccine, and beliefs that people are not at risk for severe disease were prominent.

Conclusions: Despite all the uncertainties about the efficacy, safety, and long-term adverse effects of newly developed COVID vaccines, it was 
determined that 79% of the physicians approached the vaccine positively. The most important reason for vaccine hesitation was the insufficient 
studies about COVID-19 vaccines.
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Assesment of Physicians’ Attitudes Towards COVID-19 Vaccine

1. INTRODUCTION

In addition to the mask, social distance and hygiene, we 
now have a new weapon against to COVID-19 with the 
production of the vaccine. Vaccination is one of the most 
successful public health practices in human history (1). The 
main aims of the vaccination are to stop the transmission 
of the virus inter individuals and to control the disease by 
minimizing deaths (2). Thanks to the developing technology, 
research and development studies have been integrated into 
immunization and new-generation vaccination (3). While 
vaccine studies about COVID-19, which is one of the newest 
agendas of the medical world, continue in many laboratories, 
studies have evolved to a different stage with new mutations. 
The new vaccines developed against COVID-19 are expected 
to be a global weapon that will both reduce virus spread and 
limit the effect of the virus (4).

Despite great progress in vaccination technologies in the last 
century, many vaccine-preventable diseases are re-spreading 
again, which is why the World Health Organization (WHO) 

defines vaccine hesitancy as a major threat to global health 
(5). Vaccination hesitation is an important public health 
problem, and resistance in the control of vaccine-preventable 
diseases also undermines the power of healthcare 
professionals. Concerns about the COVID-19 vaccine are 
mostly due to insufficient information about new vaccines 
and possible adverse effects, especially in the long term (6). 
Given the fact that COVID-19 vaccines are new, concerns 
about the vaccine’s efficacy and adverse effects have caused 
public health professionals to worry about whether enough 
people will get vaccinated (7).

Several surveys of intention to receive a COVID-19 vaccine, 
when one becomes available, have been administered 
throughout the pandemic by academics, politics and 
researchers. In a meta-analysis study of global acceptance 
of the Covid-19 vaccine, the estimated acceptance rate was 
68.4% (8). In a study on the public’s view of the vaccine 
and the factors affecting this situation from Turkey, it was 
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reported that only 41.2% of the participants approached it 
positively (9).

People obtaining information from reliable sources about 
the risks and benefits of the vaccine and how it works and 
protects them could help solve the problem of infodemia. 
Therefore, it is expected that both physicians and public 
health professionals will be ready to anticipate, understand, 
and respond to patients’ questions and concerns to combat 
common misinformation and increase confidence in the 
vaccine.

Discussions on the efficacy and safety of the COVID-19 
vaccines have yet to put an end to doubts in society as a 
whole, including healthcare professionals (7). In this study, 
it is aimed to evaluate physicians’ attitudes towards the 
COVID-19 vaccine.

2. METHODS

2.1. Study Design

Our research is a cross-sectional study, which was conducted 
between January 4th and February 26th, 2021. The 
questionnaire used in our research was prepared using 
Google Forms. It was sent across Turkey using social media 
in various support groups and physician practices using 
Facebook and WhatsApp. All physicians aged 23 years and 
over were included in the study.

Assuming a positive attitude rate of 50% towards the 
COVID-19 vaccine, 95% confidence interval and 5% margin 
of error, a simple random sampling method was used and 
the required sample size was estimated as 384 participants. 
A total of 438 physicians agreed to participate in the study 
and constituted the study group.

2.2. Data Collection

In our study, a Google Forms questionnaire was prepared 
according to the literature and was used as the data 
collection tool (10-12). The first part of the two-part 
questionnaire included the sociodemographic characteristics 
of the physicians and some variables thought to be related to 
COVID-19. In the second part, questions from the “Attitudes 
Towards COVID-19 Vaccine Scale (ATCVS)” were included.

In the study, the ATCVS was used to evaluate the attitudes 
of physicians towards the COVID-19 vaccine. The scale, 
developed by Geniş et al. in 2020, consists of nine questions 
in 5-point Likert form. The scale has two sub-dimensions 
as positive and negative attitude. Positive attitude has four 
questions and negative attitude has five questions. Items in 
the negative attitude sub-dimensions are scored inversely. 
A value between 1-5 is obtained by adding the item scores 
in the scale sub-dimension then dividing the total score by 
the number of items in that sub-dimension. High scores from 
the positive attitude sub-dimension indicate that the attitude 
towards vaccination is positive. The items in the negative 
attitude sub-dimension are calculated after reversing, and 

the higher scores in this sub-dimension indicate that the 
negative attitude towards vaccination is less (10).

2.3. Statistical Analysis

The data were evaluated using the SPSS version 15.0 statistical 
package program. Descriptive statistical analysis was 
performed for all variables examined in the study. Normality 
was tested using the Kolmogorov-Smirnov test. The Mann-
Whitney U test and the Kruskal-Wallis test were used for 
statistical analysis. Multiple linear regression analysis with 
variables that were significant in univariate analysis was used 
for further analysis. Statistical significance was considered 
for p-values of ≤0.05.

2.4. Ethical Considerations

After obtaining permission for scientific research studies on 
COVID-19 from the Ministry of Health Scientific Research 
Platform (F.number: 2020-12-24T16_50_38) for conducting 
the study, ethical permission was sought and granted by 
Eskisehir Osmangazi University Non-Interventional Clinical 
Research Ethics Committee (Date: 12.01.2021, E-25403353-
050.99-146299)

3. RESULTS

Of the total 438 participants, 310 (70.8%) were women 
and 128 (29.2%) were men. The mean age was 35.4 ± 8.5 
(range, 24 – 71) years. One hundred ninety-eight (45.2%) of 
the physicians were specialists, and 37.7% (n = 165) were 
physicians who had practiced medicine for 10 years or more. 
Three hundred fifteen (71.9%) of the physicians stated that 
they were assigned to COVID-19–related units during the 
pandemic, 31.7% (n = 100) of whom were assigned to two or 
more units during this period. These units were outpatient 
clinics (29.5%, n = 130), inpatient wards (25.1%, n = 111), 
fillation (16.1%, n = 71) which is the name given to the 
process of determining what causes any infectious disease, 
emergency wards (13.4%, n = 59), intensive care (10.2%, n 
= 45), and others such as laboratory service, and home care 
service (5.7%, n = 25).

In the study, positive attitudes towards the COVID-19 vaccine 
were higher in the 24 – 30 years’ age group and the specialist 
physicians compared with other physician groups. It was 
found that with more than 10 years of work in the profession, 
physicians had a more positive attitude towards vaccination 
than those with 1 – 5 years’ experience. The distribution of 
physicians’ ATCVS scores according to their sociodemographic 
characteristics is given in (Table 1).

The physicians in the study who had an influenza vaccine 
during the pandemic period had a higher positive attitude 
than those who did not. Physicians who recommended 
the vaccine to their patients had a more positive attitude 
towards the vaccine and less negative attitude than indecisive 
physician. In addition, it was determined that physicians who 
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were considering getting the COVID-19 vaccine had less 
negative attitudes towards the vaccine (Table 2).

Ninety-two (21.0%) of the physicians answered ‘No’ or ‘Not 
decided yet’ to the question, ‘Do you consider getting a 
COVID-19 vaccine?’ The common reason for hesitating about 
the vaccine was ‘Not enough information studies about the 
vaccines’ (Figure 1).

Table 1. Distribution of physicians’ ATCVS scores according to their 
sociodemographic characteristics

Sociodemographic
characteristics

ATCVS

n (%)
Positive 
Attitude 
Median

(min-max)

Negative 
Attitude 
Median

(min-max)

Age Group**

24-30 156 (35.6) 4.0 (1.3-5.0)a 3.6 (1.0-5.0)a

31-40 186 (42.5) 4.3 (1.0-5.0)b 4.0 (1.0-5.0)b

41 and 
more

96 (21.9) 4.5 (1.0-5.0)b 4.0 (1.8-5.0)b

z/Kw; p 15.415; <0.001 33.498; <0.001

Sex*
Female 310 (70.8) 4.1 (1.0-5.0) 3.8 (1.0-5.0)
Male 128 (29.2) 4.0 (1.0-5.0) 4.0 (1.0-5.0)
z/Kw; p -0.880; 0.379 1.356; 0.175

Title**

General 
practitioner

91 (20.8) 4.0 (1.0-5.0)a 3.8 (2.0-5.0)a

Assistant 
physician

149 (34.0) 4.0 (1.0-5.0)a 3.6 (1.0-5.0)a

Specialist 
physician

198 (45.2) 4.5 (1.0-5.0)b 4.0 (1.0-5.0)b

z/Kw; p 16.949; <0.001 27.223; <0.001

Professional 
experience 
(year)**

1-5 162 (37.0) 4.0 (1.0-5.0)a 3.6 (1.0-5.0)a

6-10 111 (25.3) 4.0 (1.0-5.0)a,c 4.0 (2.0-5.0)b

More than 
10

165 (37.7) 4.5 (1.0-5.0)c 4.0 (1.0-5.0)b

z/Kw; p 9.484; 0.009 31.284; <0.001

History of 
chronic 
illness *

Yes 90 (20.5) 4.0 (1.0-5.0) 4.0 (1.0-5.0)
No 348 (79.5) 4.0 (1.0-5.0) 3.8 (1.0-5.0)
z/Kw; p 0.298; 0.766 -1.283; 0.199

* Mann-Whitney U, ** Kruskal-Wallis, a, b, c; The difference between groups 
that do not have the same letter in each column is significant (p <0.05)

Figure 1. Reasons for Physicians to Hesitate About Getting the 
COVID-19 Vaccine

The sources of information about the COVID-19 vaccine are 
shown in Figure 2; the most common source was ‘articles/
publications/literature information (32.4%), followed by the 
internet/social media (24.5%).

Figure 2. The sources of information about the COVID-19 vaccine
* Numbers were evaluated based on the answers given, not indivi-
duals.

According to the results of the multiple linear regression 
analysis created with variables that were significant in 
the univariate analyses, it was found that the status of 
recommending the COVID-19 vaccine to patients and 
considering having the COVID-19 vaccine were variables 
that affected the positive and negative attitude towards the 
vaccine. The results of the multiple linear regression models 
for the subdimension scores of ATCVS are given in Table 3.

Table 2. Distribution of physicians’ ATCVS scores according to 
selected variables related to COVID19

Selected variables related to 
COVID-19

ATCVS

n (%)
Positive 
Attitude 

Median (min-
max)

Negative 
Attitude 

Median (min-
max)

Influenza 
vaccination at 
pre-pandemic 
period*

Yes 179 (40.9) 4.0 (1.0-5.0) 3.8 (1.0-5.0)
No 259 (59.1) 4.0 (1.0-5.0) 3.8 (1.0-5.0)

z/Kw; p -0.282; 0.778 -0.045; 0.964

Influenza 
vaccination at 
the pandemic 
period **

Yes 171 (39.0) 4.3 (1.0-5.0)a 4.0 (1.0-5.0)
No 244 (55.7) 4.0 (1.0-5.0)b 3.8 (1.0-5.0)

Indecisive 23 (5.3) 4.0 (1.3-5.0)a,b 3.8 (2.8-4.6)
z/Kw; p 11.609; 0.003 4.213; 0.122

COVID-19 
infection 
nearby *

Yes 412 (94.1) 4.0 (1.0-5.0) 3.8 (1.0-5.0)
No 26 (5.9) 4.0 (1.0-5.0) 4.0 (2.8-5.0)

z/Kw; p -1.370; 0.171 1.222; 0.222

Have COVID-19 
infection *

Yes 72 (16.4) 4.0 (1.0-5.0) 4.0 (2.0-5.0)
No 366 (83.6) 4.0 (1.0-5.0) 3.8 (1.0-5.0)

z/Kw; p 0.994; 0.320 -0.388; 0.698

Recommending 
COVID-19 
vaccine to 
patients **

Yes 362 (82.6) 4.3 (1.0-5.0)a 4.0 (1.0-5.0)a

No 17 (3.9) 2.0 (1.0-5.0)b 3.2 (1.8-5.0)a,b

Indecisive 59 (13.5) 3.0 (1.0-5.0)b 3.4 (1.6-5.0)b

z/Kw; p
-9.622; <0.001 34.399; 

<0.001

Willingness 
for COVID-19 
vaccine **

Yes 346 (79.0) 4.5 (1.0-5.0)a 4.0 (1.0-5.0)a

No 49 (11.2) 2.5 (1.0-5.0)b 3.4 (1.8-5.0)b

Indecisive 43 (9.8) 3.0 (1.8-5.0)b 3.4 (1.6-4.8)b

z/Kw; p
91.827; 
<0.001

28.971; 
<0.001

* Mann-Whitney U, ** Kruskal-Wallis, a, b, c; The difference between groups 
that do not have the same letter in each column is significant (p<0.05)
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Table 3. Multiple linear regression models for the subdimension 
scores of ATCVS

Sociodemographics
and variables related to 
COVID-19

Positive Attitude
Sub-dimension

Negative 
Attitude

Sub-dimension
β

(95% CI)
β

(95% CI)

Age
0.012

(-0.020-0.044)
0.009

(-0.014-0.031)

Title
0.003

(-0.015-0.021)
0.009

(-0.003-0.022)

Professional experience (years)
-0.008

(-0.035-0.019)
0.016

-0.003-0.035)
Influenza vaccination in the 
pandemic period

-0.013
(-0.036-0.010)

-

Recommending COVID-19 vaccine 
to patients

0.060***
(0.038-0.082)

0.022**
(0.006-0.038)

Willingness for COVID-19 vaccine
0.048***

(0.023-0.072)
0.019*

(0.001-0.036)
R2

F
0.18

17.319***
0.10

11.258***

p: *≤ 0.05; **≤ 0.01; ***≤ 0.001; CI: Confidence interval, ß: Unstandardize 
beta, R2: Adjusted R2, F: Test value

4. DISCUSSION

Despite all the uncertainties about the efficacy, safety, and 
long-term adverse effects of newly developed COVID vaccines, 
it was determined that 79% of the physicians approached the 
vaccine positively. In addition, the physicians’ willingness to 
be vaccinated and recommending vaccines to their patients 
were found to be effective variables in positive and negative 
attitudes towards vaccination. It was stated that the most 
important reason for vaccine hesitation was the insufficient 
studies about COVID-19 vaccines.

All activities related to vaccination and vaccine reliability 
studies that will prevent vaccine hesitation are the primary 
duties of all healthcare professionals, especially public 
health experts. Vaccination is our strongest weapon against 
COVID-19 infection, after hygiene and distancing; and the 
first vaccinations have been initiated in healthcare workers 
in many countries (13). During the pandemic, health workers 
have taken on the treatment and follow-up of infected 
patients, but also took an active part in the fillation and public 
education studies. Healthcare workers in Turkey volunteered 
for the Phase III CoronaVac trial, one of the newly developed 
vaccines, and vaccination studies were initiated in September 
2020 (14).

In the study, 79.0% of the 438 physicians stated that they 
were considering being vaccinated, 11.2% stated that 
they did not want to be vaccinated, and 9.8% stated that 
they were undecided about the vaccine. Phase III of the 
CoronaVac study was still ongoing at the time the survey 
was collected; the high numbers of negative and hesitant 
answers about vaccination could be attributed to the lack 
of clarity on the data and vaccination studies have not yet 
accelerated. However, our study was in line with the results 

of COVID-19 vaccine studies among healthcare workers and 
the literature (15, 16). The common hesitation (50.0%) about 
vaccination was related to ‘the lack of sufficient information 
and studies’ about the vaccine’. The reasons for those with 
vaccine hesitation without any explanation (29.0%) could 
be different financial or political reasons or just a fear of 
unknown adverse effects of the vaccine. In addition, the 
government was sharing only the daily number of patients 
with the public, without any knowledge about the number of 
infected people until November 25th, 2020, which may have 
caused different perceptions of the severity of the epidemic 
among both society and physicians (17).

Positive attitude towards the vaccine increasing with age 
among the physicians was found in our study, like in many 
studies in the literature (18-20). Although female physicians 
were found to have a more positive attitude towards 
vaccination, the difference was not statistically significant.

Although most of the physicians (71.9%) worked in units 
related to COVID-19, it was observed that the attitudes of 
physicians working in non-COVID units were more positive, 
but there was no statistical difference between the physicians’ 
desire for vaccination in our study. The negative attitudes 
of the physicians who had recently entered the profession 
towards the vaccine were less, the positive attitudes of the 
physicians who had more experience and working more 
than 10 years was higher towards the vaccine. Based on a 
COVID-19 study by Dror et al, it was reported that internal 
medicine branches looked more positively upon vaccines 
than surgical branches and healthcare workers who did not 
work in COVID units refused to get the vaccine more (15). In 
another study about COVID-19 by Shaw et al, it was reported 
that the desire for vaccination was lower in healthcare 
workers who were charged with primary patient care (20). 
Kose et al. reported that a group of people, mostly comprising 
university students, who had tetanus, pneumococcal, and 
influenza vaccines, also had a higher willingness for the 
COVID-19 vaccine (6). Among the participating physicians 
in our study, those who had influenza vaccines, especially 
during the pandemic period, had higher positive attitudes 
towards the COVID-19 vaccine. It is thought that the previous 
vaccination experiences of healthcare professionals may also 
influence their behaviors about newly developed vaccines (6, 
20,21). It may be due to the fear of being confused about 
the effects and tracking or discerning the symptoms of COVID 
and influenza or having the disease more severely, if they 
have both infections simultaneously.

In our study, 82.6% of the physicians answered ‘Yes’ to the 
question, ‘Would you recommend the COVID-19 vaccine to 
your own patients?’. The physicians who responded positively 
to this question also had more positive attitudes towards the 
COVID-19 vaccine. On the other hand, it is an important step 
for physicians to share their own vaccination experiences, 
which will encourage their patients to get vaccinated (18). 
The recommendation of a physician is considered the only 
force in vaccination acceptance (22-24).
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In the study, 79.0% of the physicians who stated that they 
were considering being vaccinated had more positive 
attitudes towards vaccination. It is thought that physicians 
who are hesitant about vaccination will clarify their positions 
in line with the results of scientific research. It may be 
possible that physicians will have significant influence in 
the vaccination of the public if they have reliable evidence-
based medicine. For example, studies have shown that the 
willingness to get vaccinated with the influenza vaccine and 
the trust towards the influenza vaccine were higher (13, 
25, 26). The most important issue that physicians have to 
overcome is to increase vaccination rates and to prevent 
vaccination hesitation with education on vaccination and 
different vaccination campaigns.

Age, title, professional experience, and influenza vaccination 
rates during the pandemic period had a significant impact 
on ATCVS scores in the multiple linear regression model, 
only willingness to be vaccinated and recommending the 
vaccine to patients were still significant after adjusting for 
confounding factors. The WHO defines vaccine hesitation as 
a global health problem (24), and many studies have shown 
that there is a serious distrust among the public against these 
newly developed vaccines. Lack of information transparency 
regarding new vaccines, different conspiracy theory beliefs, 
and distrust towards drug campaigns cause a suspicious 
approach to vaccination among the public (27-29).

Vaccine hesitation has been identified as one of the greatest 
challenges in the fight against COVID-19 (15). Previous 
studies have established that the most common reasons 
for hesitation about COVID-19 vaccines among healthcare 
professionals are insufficient information about vaccines, 
unknown efficacy, and unknown adverse effects (1, 7, 19, 20). 
The results of our study are similar; physicians reported that 
there were insufficient studies on these newly developed 
vaccines. Our study adds that possible adverse effects, 
uncertainty about the efficacy and safety of the vaccine, and 
beliefs that people are not at risk for severe disease were 
prominent.

The present study has some limitations including the small 
sample size; the participants’ were all physicians, most of 
them were women, a homogeneous group with similar 
characteristics; and the study was a descriptive-cross-
sectional study. The collection of data via social media and in a 
very short period prevented reaching many physicians. At the 
time when the survey forms were collected, many vaccination 
studies had not yet been completed. Nevertheless, the study 
also has strengths. Conducting the study with a group with 
a high level of education and knowledge about the disease 
made the results more reliable. This study is one of the 
pioneering studies in which the views of physicians who can 
lead society in the acceptance of vaccines against COVID-19 
vaccines are evaluated.

5. CONCLUSION

With time, more vaccine studies will have a positive effect 
on the vaccine hesitation and awareness of physicians. It is a 
priority issue for the authorities, physicians, and healthcare 
professionals to quickly conduct training to increase vaccine 
acceptance among the public, as well as COVID-19 vaccination 
studies. Thanks to vaccination programs and education, the 
desired community immunity will be gained by vaccination 
of a sufficient part of the population and infodemia with 
vaccine hesitation will be decreased. It is thought that this 
study on physicians will be a guide for both other healthcare 
professionals and community-based studies, and will play an 
important role in increasing confidence in COVID vaccines 
with an evidence-based medicine perspective.
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ABSTRACT

Objective: The aim of this work was to develop and validate a rapid and simple high-performance liquid chromatography method with a diode-
array detector (HPLC-DAD) for determination of favipiravir in bulk and tablet formulations.

Methods: The chromatographic analysis was performed at 30 °C with a Poroshell 120EC-C18 column (4.6 x 50 mm, 2.7 µm). The mobile phase 
was a mixture of 0.1% formic acid in water and 0.1% formic acid in acetonitrile (90:10, v/v). The run time was 5 min at a flow rate of 0.5 mL/min.

Results: The proposed method was successfully validated in terms of precision, accuracy, linearity, robustness, limits of detection (LOD) and 
quantification (LOQ) parameters. The calibration plot was linear over a concentration range of 10-100 µg/mL. The LOD and LOQ values were 
found to be 0.58 µg/mL and 2.03 µg/mL, respectively. The average recovery values were found to vary from 99.45 percent to 104.29 percent.

Conclusion: As a result, it was concluded that the developed method can be used successfully in the determination of favipiravir in pharmaceutical 
preparations.
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Development and Validation of a Rapid HPLC-DAD Method for 
Determination of Favipiravir in Pharmaceutical Formulation

1. INTRODUCTION

The Chinese government notified the WHO in December 
2019 of pneumonia hospitalized patients with an unknown 
etiology. These patients were eventually identified as 
COVID-19, with SARS-Cov-2 as the causal virus. WHO declared 
a pandemic of Coronavirus illness in March 2020 (1-3). By the 
end of July 2021, the total number of cases recorded globally 
has surpassed 200 million, with 4 million fatalities. There is 
currently no COVID-19 therapy that has been scientifically 
proved to be effective and safe. Off-label treatments have 
already been approved for the treatment of various illnesses 
in Europe, the United States (USA), and our nation and have 
been demonstrated to be efficacious in vitro in SARS-CoV. One 
of these drugs used in this treatment is favipiravir (FAV) (4-
10). When the literature studies on the analysis of favipiravir 
by HPLC are examined, it is seen that there are two studies 
based on gradient elution, and the analysis time of favipiravir 
in these studies was 21 and 60 minutes, respectively 
(11,12). Another HPLC techniques for determining FAV in 
pharmaceutical dosage forms was recently published (1,13). 

The proposed study is more sensitive than the two previously 
reported methods (1.20/3.60 and 0.985/2.986 µg/mL), with 
lower LOD and LOQ (0.58/2.03 µg/mL). So, it is predicted that 
this validate, and rapid method because it is inexpensive and 
allows rapid and sensitive analysis. The proposed method is 
rapid, accurate, very simple, and sensitive for quantification 
of favipiravir in pharmaceutical formulations. This method 
employs a simple mobile phase without the need of a buffer, 
requires no complicated sample preparation procedures, and 
has higher sensitivity than some of the previously described 
methods.

2. METHODS

2.1. Chemicals and Reagents

Bulk favipiravir and its pharmaceutical formulation (Favimol 
labelled content of FAV 200 mg) were kindly supplied by Dr. 
Şükran Özdatlı. HPLC-grade acetonitrile and formic acid were 
purchased from Merck. Millipore’s Milli-Q water purification 

https://orcid.org/0000-0002-5279-0900
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technology was used to create HPLC-grade water. All the 
other reagents were of analytical grade.

2.2. Instruments

The Agilent 1260 Infinity HPLC system (Agilent Technologies, 
USA) was utilized for the chromatographic operations, which 
included a solvent pump, auto-sampler, column compartment, 
and DAD detector. The wavelength of detection was 323.0 
nm. The chromatographic analysis was performed at 30 °C 
with a Poroshell 120EC-C18 column (4.6 x 50 mm, 2.7 µm) 
and a mobile phase A and B composed of 0.1% formic acid in 
water and 0.1% formic acid in acetonitrile, respectively. The 
flow rate was maintained at 0.5 mL/min.

2.3.Preparation of Stock and Working Solutions

Stock solutions of 1.0 mg/mL of FAV was prepared using 
an ultra-pure water in volumetric flask. The solution was 
warmed at 37 ℃ and shake it in the ultrasonic bath for a 
while for obtaining a higher solubility. Working standard 
solutions containing 10–100.0 µg/mL of FAV were generated 
by diluting this solution with ultra-pure water.

2.4. Method Validation

The ICH guidelines were followed for developing and 
validating the analytical method. System appropriateness, 
linearity, specificity, precision, accuracy, robustness, the 
limit of detection (LOD) and quantification (LOQ) were all 
addressed as validation parameters.

2.5. Specificity

In order to determine the specificity of the method, the 
presence of interference from the mobile phase was 
investigated with the help of a diode array detector. For this 
purpose, besides the chromatogram of the mobile phase, the 
UV spectrum and peak purity index values obtained from the 
FAV peak were examined.

2.6. Linearity

A six-point calibration plot for FAV was used to assess 
linearity. The standard solutions, ranging in concentration 
from 10 to 100 µg/mL, were used to prepare standard 
calibration. Under optimum chromatographic conditions, the 
standard solutions were injected three times into the HPLC 
system. The regression line’s slope and Y-intercept values 
were calculated.

2.7. Limits of Detection and Quantitation (LOD and LOQ)

The LOD and LOQ values were calculated as 3.3 and 10 times 
the ratio of the calibration plot standard deviation to its 
slope, respectively.

2.8. Precision

Precision was determined at three distinct concentrations 
(n=5) by calculating intra-day and interday (repeatability 
was determined by examining the standard solution on 
five separate days) variations of the method. In precision 
research, on the same day and for five days, five repetitions 
of standard solution at three concentrations (30, 50, 70 µg/
mL) were injected into the system. The relative standard 
deviation was used to get the accuracy value (RSD).

2.9. Accuracy

To test the accuracy of the suggested method, recovery 
studies were carried out using the spiking method. The sample 
solutions of known quantity (20 µg/mL) were spiked with 80, 
100, and 120 percent of three different amounts of bulk and 
calculating favipiravir recovery for each concentration from 
equation of the calibration plot.

2.10. Robustness

A robustness study was conducted to assess the impact 
of certain modifications in chromatographic conditions. 
Column temperature, mobile phase flow rate and ratio are 
all variables. The system appropriateness parameters were 
verified after each change by injecting the sample solution 
into HPLC system and comparing the results to those obtained 
with the initial chromatographic settings.

3. RESULTS

3.1. Chromatographic Conditions

The analysis was performed in a C18 column (4.6 x 50 mm, 
2.7 µm) using a solvent system of 0.1 % formic acid in water: 
0.1 % formic acid in acetonitrile (90:10, v/v) by isocratic 
elution. The flow rates of the mobile phase were maintained 
at 0.5 mL/min. From the UV spectra of standard solution, the 
wavelength corresponding to maximal absorbance (max) was 
determined to be 323 nm (Figure 1). The column temperature 
was kept at 30 °C during the procedure. Table 1 presents the 
conditions of HPLC system.

Table 1. Optimized chromatographic conditions

Parameter Chromatographic conditions
Instrument Agilent 1260 Infinity HPLC system
Column Poroshell 120EC-C18 4.6 x 50 mm, 2.7 µm
Mobile phase [A:B (90:10, 
v/v)]

Mobil-phase A: 0.1% formic acid in water
Mobil-phase B: 0.1% formic acid in acetonitrile

Flow rate 0.5 mL/min
Detection wavelength (DAD) 323 nm
Runtime 5 min
Column temperature 30 °C
Volume of injection 10 µL
Retention time 2.40 min
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Figure 1. (A) Chromatogram (standard solution, 40 μg/mL, λ:323 
nm). (B) Chromatogram (sample solution, 100 μg/mL, λ: 323 nm). 
(C) Chromatogram (Blank solution, λ: 323 nm). (D) Absorbance 
spectra of FAV.

3.2. Method Validation

Specificity

In the analysis, only the mobile phase injection was performed, and 
it was determined that there was no peak in the minutes when 
favipiravir was seen. Whether there was any interference with 

the favipiravir peak obtained when working with the developed 
method was determined with the help of a diode sequential 
detector. The spectra and peak purity index values show that there 
is no interference, and the peaks are pure (Figure 2).

min2.2 2.3 2.4 2.5 2.6

 Calculated

| |
| |' ' ' ' '

++++++++++++++++++++++++++++++

Figure 2. Peak purity of FAV. (Purity factor: 999.963 threshold: 
999.991 noise threshold: 0.016)

3.3. Linearity

To prepare standard solutions, the stock standard solution of 
FAV was diluted appropriately with ultra-pure water. Under 
chromatographic working conditions, the standard solutions 
were injected three times into the chromatographic system. 
Regression analysis was used to assess the suggested method’s 
linearity at six concentration levels ranging from 10 to 100 µg/mL. 
The parameters of the regression analyze of the calibration plot 
are given in the Table 2, and the calibration plot drawn between 
the indicated concentration values and the average peak areas 
is given in the Figure 3. The LOQ and LOD were calculated using 
a recommended formula (ICH Q2 (R1) as follows (14):

LOD = 3.3 SD / slope ; LOQ = 10 SD/slope

Table 2. Regression analysis and LOD/LOQ values of the proposed 
method

Parameter Value
Linearity range (µg/mL) 10-100
Slope 23.375
Intercept 25.924
Correlation coefficient 0.9998
SE of intercept 10.0322
SD of intercept 4.0948
LOD/LOQ (µg/mL) 0.58/2.03

Figure 3. Calibration curve of standard working solutions of favipiravir

A

B

C

D
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3.4. Precision

A sequence of FAV analyses was done for five consecutive 
days (n=5) in the precision trials. The intra-day and inter-
day precision RSD were found to be <1%, indicating that the 
method was accurate enough. In the analyzes performed on 
the same day, the relative standard deviation was calculated 
between 0.06-0.14%. The relative standard deviation obtained 
in the analyzes performed on different days was found to be 
between 0.14-0.58%. Table 3 summarizes the findings.

Table 3. Intra-day and Inter-day precision data of FAV

Std. Conc.µg/ml
Taken conc. 
(μg/mL)

Found conc. (μg/
mL) ± SD

Peak area RSD 
(%)

30 30.0325±0.0371 0.1371
Intra-day 50 49.9796±0.0445 0.0909

70 70.5806±0.0394 0.0574
30 29.9302±0.0417 0.1394

Inter-day 50 49.4170±0.0627 0.1269
70 69.0084±0.3973 0.5757

3.5. Accuracy

The method’s accuracy was demonstrated using the standard 
addition technique. In this approach, a certain amount (20 μg/mL) 
of solution was mixed with 80, 100, and 120 percent of three distinct 
levels of bulk. Percentage recoveries for the FAV was computed. As 
a result of the trials, the recovery values ​​were found in the range of 
99.45-104.29%. Table 4 shows the findings of the recovery results.

Table 4. Recovery data

Spiked level 
(%)

Added 
conc.
(μg/mL)

Found 
conc.
(μg/mL)

Recovery%
Average 
Recovery
%± SD

RSD%

36 37.6877 104.6882

104.2976
80 36 37.5136 104.2045 0.2766

36 37.4400 104.0001
40 40.5147 101.2869

101.0416
100 40 40.4229 101.0572 0.2048

40 40.3123 100.7808
44 43.7792 99.4983

99.4457
120 44 43.7623 99.4599 0.0499

44 43.7561 99.3791

3.6. Robustness

According to the data, flow rate and mobile phase concentration 
have little influence on FAV chromatographic separation 
behavior. FAV retention period is unaffected by changes in the 
flow rate or mobile phase ratio. The technique did not alter 
much when the column temperature was changed. Table 5 
shows the findings of this investigation, given as a percent RSD.

Table 5. Robustness of the proposed HPLC method for favipiravir*

Flow rate
Composition of mobile 
phase

Column temperature

0.4 mL/min 0.6 mL/min A:B (95:5) A:B (85:15) 28 °C 32 °C

108.60±0.43 99.98±0.87 98.28±0.17  102.81±0.46 100.03±0.20 100.47±1.82

*The studies were performed with the 50 μg/mL standard solution and the 
results were provided in mean recovery%±RSD%

3.7. Application of the Method to the Tablet Formulation

The developed method has been successfully used for the 
determination of favipiravir in pharmaceutical formulations. 
Table 6 shows the results of the favipiravir test on the 
commercially available tablet. The amounts mentioned on 
the pill labels are closely connected to the findings achieved. 
This demonstrates the utility of the content assessment 
approach.

Table 6. Results of analysis of FAV

Formulation
Original tablet solution 
(μg/mL)

Amount found±SD 
(μg/mL)

% RSD

FAV tablets 100 102.9175±0.1170 0.1137

Average of 6 determinations; SD: standard deviation; RSD: relative standard 
deviation

4. DISCUSSION

When the analyzes of favipiravir in pharmaceutical 
preparations were examined, it was seen that there 
were very few chromatographic analysis methods. The 
UV spectrum obtained from the FAV peak with a diode 
array detector was examined and it was decided that the 
wavelength was 323 nm. When operating under these 
conditions, the retention time for FAV was found to be 2.4 
minutes. After the appropriate chromatographic conditions 
were determined, the method validation study was carried 
out. For this purpose, studies were carried out to determine 
the Selectivity, Linearity, Accuracy, Precision, LOD, LOQ and 
robustness parameters. The method was found to be linear 
in the concentration range of 10-100 μg/mL. In order to 
determine the reproducibility of the method, three different 
concentrations of samples were studied on the same day and 
on different days. As a result, the RSD values ​​of the analyzes 
performed on the same day were determined as 0.06-0.14%, 
and the RSD values ​​of the analyzes performed on different 
days were determined as 0.14-0.58%. To determine the 
accuracy of the developed method, the standard addition 
method was applied. In the study, increasing concentrations 
of standard FAV solutions were added to the capsule solution 
containing FAV. As a result of the trials, the recovery values ​​
were found in the range of 99.45-104.29%. LOD and LOQ 
values ​​for the developed method were determined as 0.58 
μg/mL and 2.03 μg/mL, respectively. After the validation 
process was completed, the developed method was used 
for FAV quantification in FAV capsules and as a result, the 
average FAV amount was found to be 102.92%.

When the validation findings were compared to the ICH 
limits, the suggested technique yielded good system 
appropriateness values. The precision values in terms of 
RSD percent were lower than 1% with high recoveries in 
the tablet analysis. The suggested approach was compared 
to selected previous research on the determination of FAV 
in tablet formulations by HPLC-UV method in the literature. 
The r2 values for all the compared techniques were more 
than 0.999. The proposed technique has the least duration 
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of retention. The proposed study is more sensitive than the 
two previously reported methods [1.20/3.60 µg/mL (1) and 
0.985/2.986 µg/mL (13)], with lower LOD and LOQ (0.58/2.03 
µg/mL). So, this method is inexpensive and allows more rapid 
and sensitive analysis than two related methods in literature.

5. CONCLUSION

The proposed method is simple, rapid, accurate, and 
sensitive for quantification of favipiravir in pharmaceutical 
formulations. This method employs a simple mobile phase 
without the need of a buffer, requires no complicated sample 
preparation procedures, and has higher sensitivity than some 
of the previously described methods. Hence this proposed 
method can be widely used in quality control laboratories for 
determination of favipiravir.
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ABSTRACT

Objective: Liver regeneration is necessary to restore hepatic mass and functional capacity after partial hepatectomy (PH). Cynara scolymus 
(CS) is a pharmacologically important plant that contains phenolic acids and flavonoids, and experimental studies have indicated that it has 
antioxidant and hepatoprotective effects. The aim of this study was to investigate the role of CS in liver regeneration after PH in rats.

Methods:  A total of 36 Wistar albino rats weighing 280.5 ± 18.6 g were used. CS leaf extract was administered after partial hepatectomy. The 
rats were sacrificed at postoperative day 14, and the histological changes were assessed. The mitotic index (MI), nucleus size, hepatocyte size, 
and binucleation rate (BR) of hepatocytes were assessed using hematoxylin-eosin (H&E) staining.

Results: The rats that received CS extract had significant differences in liver regeneration markers, including the hepatocyte size, mitotic index, 
and Ki-67 proliferation index (p<0.05). The average increase in liver mass in 14 days was higher in the CS group, but the differences between the 
groups were not significant (1.70±0.2 g in sham group versus 2±0.8 g in CS group, p=0.75).

Conclusions: The results indicate that CS leaf extract promoted hepatocellular proliferation and hypertrophy, which resulted in accelerated liver 
regeneration.
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Cynara Scolymus (Artichoke) Improves Liver Regeneration 
after Partial Liver Resection in Ratsß

1. INTRODUCTION

The liver can regenerate, which allows it to withstand 
extended hepatectomy. Nevertheless, insufficient remnant 
liver is one of the most common causes of death after 
hepatectomy (1). It is well known that insufficient remnant 
liver size after liver resection or a living donor liver transplant 
(LDLT) may result in an inability to meet the metabolic 
demand of the body and can cause liver failure (2).

 Liver regeneration is necessary to restore hepatic mass and 
functional capacity after partial hepatectomy (3). To increase 
liver regeneration, it is crucial to obtain enough liver mass 
in order to prevent complications related to liver failure. It 
has been shown that hepatocyte proliferation is the main 
factor in liver regeneration (4). It has been reported that 
intracellular reactions which play role in kinetics of  cell 
proliferation have influences in the liver regeneration (5). 
Moreover, studies showed that liver regeneration after 
hepatectomy is regulated by the immune system (6), and 
the inhibition of lipid peroxidation and increased glutathione 

peroxidase activation are reported to increase during liver 
regeneration.

Commonly known as artichoke, Cynara scolymus (CS)  is a 
pharmacologically important plant that contains phenolic 
acids and flavonoids, and experimental studies have indicated 
that it has antioxidant activity (7). Many studies have 
shown that CS has liver-protective effects by inhibiting lipid 
peroxidation and increasing glutathione peroxidase activity 
(8, 9). Nevertheless, no study has explained the effects of 
CS on liver regeneration after hepatectomy. The goal of this 
study was to investigate the effect of CS in liver regeneration 
after hepatectomy.

2. METHODS

The study was performed using 6-month-old Wistar 
albino  female rats  weighing 280.5  ±  18.6  g, which were 
obtained from Zonguldak Bulent Ecevit University Animal 
Laboratory. All experimental work related to the study was 

https://orcid.org/0000-0002-6518-9997
https://orcid.org/0000-0003-4127-6559
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carried out according to the standards of national guidelines 
(28914/February 15, 2014). The study was approved by the 
Ethical Review Board at Zonguldak Bulent Ecevit University, 
Zonguldak, Turkey (protocol number 2018-12-07/06). The 
animals were kept in a cage and had free access to food and 
water. The animals were kept in a day/night cycle at room 
temperature.

The study was designed using three groups of n=8 rats 
each, but 36 rats were obtained in case any rat died during 
hepatectomy or right after. In total, 12 rats died during or 
right after the procedure. Thus, the study was started with 
three groups of 8 rats each.

In the control group, rats did not have surgery and received 
regular standard food and water. In the sham group, rats 
underwent hepatectomy but received standard regular food 
and water. In the CS Group, rats underwent hepatectomy and 
received CS extracts (by oral gavage) in addition to standard 
food and water.

Partial hepatectomy was performed by the removal of a part 
of the middle and left lateral lobes of the liver. CS leaf extract 
was administered at a dose of 0.16 mg/kg/day two times 
orally to rats in the CS group. At postoperative day 14, the 
rats were sacrificed. By the end of the study, one rat in the 
control group and two rats in both the sham and CS groups 
died.

The average liver weight was calculated for each group. 
The mitotic index (MI), nucleus size, hepatocyte size, and 
binucleation rate (BR) of hepatocytes were assessed using 
hematoxylin-eosin (H&E) staining. For morphological 
evaluation Olympus CX43 model microscope was used. 
The mitotic activity was determined using a microscope at 
10 high-power fields (HPFs) (X40). The sizes of the nuclei 
and hepatocytes were determined using 3 HPFs. In this 
study a photograph of each area belonging to a HPF was 
taken by the camera attachment of confocal microscope. 
As we know in every HPF nearly 500 cell can be obtained. 
The microscopic image of each HPF was transferred to the 
image J analysis program. In this program, the nucleus and 
cell size were measured individually for each hepatocyte. All 
values were summed numerically and divided by the total 
number of cells within the area to calculate the mean value. 
This calculation was done separately for both nucleus and 
cell size. Proliferation index for hepatocytes were evaluated 
by Ki67 immunohistochemistry. Immunohistochemistry was 
performed with monoclonal ready-to-use antibody against 
human Ki-67 antigen (Clone 30-9; Ventana, Tucson, AZ, 
USA). Rabbit Monoclonal Primary antibody. Staining was 
performed using a Roche Ventana Automatic Device. The 
proliferation index was calculated based on the evaluation of 
100 hepatocytes with positive stained nuclei. We accepted 
brown staining of nucleus of tumor cells as positive for Ki67. 
The intensity was varying cell to cell. We considered any 
degree of intensity as positive staining. The negative tumor 
cells were blue. In this evaluation detecting tumor cells are 
important. Because tumor cells are mixed with stromal and 
lymphoid cells. We evaluated the areas with the most intense 

staining by scanning the areas. These areas were assessed 
and minimum 500 cells were counted. In these areas positive 
staining cells were deterimined. Finally Ki67 proliferation 
indeks was calculated like this; number of positive staining 
cells/ number of tumor cells x100 (10)

2.1. Statistical Analyses

The Number Cruncher Statistical System (NCSS) 2007 
(Kaysville, Utah, USA) was used for the statistical analyses. 
Data are expressed as the mean ± standard deviation. A one-
way analysis of variance (ANOVA) was applied to test the 
differences between groups. Significant differences between 
two groups were determined using a post-hoc Tukey test, 
and p <0.05 was considered significant.

3. RESULTS

The average size of livers in the control group was 9.92 ±1.3 
g, which is considered as an average weight in all groups. The 
liver index was calculated as a percentage (%) of the rats’ 
liver weight (g) with respect to the body weight (g), which 
was 3.54%. The average hepatectomy liver weight in the 
sham and CS groups was 2.2 ±0.7 g, which is 22.2% of the 
total liver weight. The average size of livers at the end of the 
study in sham group was 9.41±0.8g (94.9% of the original 
liver), while that of the CS group was 9.71± g (97.8%). The 
average increase of liver mass in 14 days was higher in the 
CS group than the sham group, but the difference was not 
significant (1.70±0.2 g in sham group versus 2±0.8 g in CS 
group, p=0.75). No significant difference was found in the 
liver index in the sham group versus the CS group (3.36% 
versus 3.46%, p=0.67).

The effect of CS on the histological morphology after 
hepatectomy was analyzed. The rates of steatosis, 
inflammation, sinusoidal dilatation, congestion, and hydropic 
degeneration in liver cells between three groups were 
compared (Table 1). These findings were assigned grades of 
1 of 4 based on the literature (11). H&E staining indicated 
that steatosis did not occur in any group, but inflammation 
was slightly higher in both the sham and CS groups. Although 
there was no differences in sinusoidal dilatation between 
groups, congestion and the degree of hydropic degeneration 
were higher in both the sham and CS groups (Table 1).

Table 1. The histological liver changes in groups

Groups Steatosis Inflammation
Sinusoidal 
dilatation

Congestion
Hydropic 

dejeneration
C 0 0 + + 0
S 0 + + ++ +
CS 0 + + ++ +

None: 0    Minimal: +	 Mild: ++	        Moderate: +++	       High:	 ++++

In further comparisons between experimental groups, the 
changes were significantly different between all three of 
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them (Table 2). Histological alterations are shown in Figure 
1. H&E staining revealed that the mean size of nuclei was 
significantly higher in the CS group than both the control 
group (10.4±0.6 vs. 7.75 ±0.2 µm, p<0.0001) and the sham 
group (10.4±0.6 vs. 8.33±0.75 µm, p=0.0068). The mean size 
of nuclei was significantly higher in the sham group than the 
control group (8.33±0.75 vs. 7.75 ±0.2 µm, p=0.18). The mean 
size of hepatocytes was significantly higher in the CS group 
than in both the control group (480.6 ±38 µm vs. 315.9±80, 
p=0.0021) and sham group (480.6 ±38 µm vs. 265.8± 18.9 
µm, p=0.0003). However, no significant difference was found 
between the sham group and control group (315.87±80.4 vs. 
265.8± 19 µm, p=0.456).

The mean MI was significantly higher in the CS group than 
both the control group (4.7±1.2 vs. 2.25±1.3, p=0.015) and 
sham group (4.7±1.2 vs. 1.5±0.7, p= 0.348)). However, no 

statistically difference was found between the sham group 
and the control group (2.25±1.3 vs. 1.5±0.7, p= 0.348). 
Statistically significant differences were found in the BR in the 
CS group versus the sham group (29.2±6 vs. 12±5%, p= 0.003) 
and versus the control group (29.2±6 vs. 6.5 ±2, p=0.0001), as 
well as between the control group and sham group (12±5% 
vs. 6.5 ±2.1, p= 0.042)

The Ki-67 proliferation index rate was compared between 
groups, and the differences were significant (Table 2, Figure 
2). The mean rate of the Ki-67 proliferation index was 2% in 
the control group, while it was 3% in the sham group, but the 
differences were not significant (2% and 3%, p=0.114). The 
mean rate of the Ki-67 proliferation index was 8% in the CS 
group, and there was a significant difference between the CS 
group and sham group (8 % vs. 3% p=0.043).

Figure 1. Histomorphological findings of each group and also their comparison with each other (HEx400). Figures 1a-c show binucleation rates 
for group C, S and CS, respectively. Figures d-f show the mitotic figure for each groups in the same order. Group CS have the most mitotic figure 
among the groups as we see in figure f. Figures g-ı demonstrate the nuclear and hepatocyte size.
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4. DISCUSSION

Currently, the main obstacle in liver transplantation is organ 
shortage. In order to overcome this obstacle, LDLT has been 
accepted as an option, particularly in Eastern countries, 
but the rate has slightly increased in Western countries 
as well. The main concern in LDLT is providing enough 
functional liver mass to maintain liver function in both the 
donors and recipients. The main success behind LDLT is 
liver regeneration. Liver regeneration not only makes LDLT 
available to those who need it, it also provides an option 
to surgeons to perform liver resection for advanced liver 
cancers that require extensive liver regeneration. However, 
it carries the risk of the remnant liver mass not being enough 
to maintain liver function. Both LDLT and liver resection for 
liver cancer rely upon liver regeneration to get enough liver 
mass (12).

Various strategies have been developed in models of 
hepatectomy to increase liver regeneration after hepatectomy 
in both humans and rats (13, 14). This study was performed 
to evaluate the role of CS in liver regeneration. It has been 
reported that CS has many health benefits (15), such as 
antioxidant activity. For example, one study reported that 

CS has liver-protective effects and downregulates oxidative 
stress in acute DZN-induced liver injury in rats (16). Another 
study showed liver-protective effects in liver damage 
induced by paracetamol (17). Nevertheless, research has still 
been needed to fully understand the effects of CS on liver 
regeneration after partial hepatectomy.

Although the normal liver is dormant with only a little 
hepatocyte proliferation, after partial hepatectomy, it was 
shown that the remaining liver undergoes a series of rapid 
endothelial, inflammatory, and epithelial changes (18). 
Multiple important mechanisms and factors control normal 
liver regeneration, such as IL-6, TNF, hepatocyte growth 
factor (HGF), epidermal growth factor (EGF), and thyroid 
hormone, which have been previously reported in detail and 
are not discussed here in depth (18, 19). The novel findings in 
this study are the CS-related histological changes of the liver 
after hepatectomy in rats. The changes were found to involve 
significant increases in the mean nucleus size, hepatocyte 
size, MI, BR, and Ki 67 proliferation index. Although changes 
were noted in all rats after partial hepatectomy compared 
to the control group, they were significantly higher in the CS 
group.

Figure 2. a-c Ki67 proliferation index in groups C, S and CS, respectively (Ki67 immunohistochemistry x400).

Table 2. The comparison of histological changes in liver regeneration between groups (stained with H&E).

Histological parameters
(mean±SD)

C Group S Group CS Group P

Size of nucleus (µm) 7.75 ±0.2 8.33±0.75 10.4±0.6 <0.001
Size of hepatocyte (µm) 315.9±80 265.8± 19 480.6 ±38 <0.001
Mitotic index (MI)% 2.25±1.3 1.5±0.7 4.7±1.2 <0.001
Binucleation rate (BR)% 6.5 ±2.1 12±5 29.2±6 <0.001
Ki 67 proliferation index (%) 2% 3 (% 8 % <0.001
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A previous study reported that by 7–10 days after 
hepatectomy, a rat’s liver largely regrows to about normal 
size (93%) through hyperplasia of the remnant lobes (18). In 
this study, by 14 days, the average size of the liver at the end 
of the study in the sham group was 94.9% of the native liver 
size, but the recovery was higher (97.8%) in the CS group. The 
reason why there was not a significant difference between 
groups could be that the time needed to complete all 
regeneration is reported to be about 20 days (18). A second 
reason could be that we did not do 70% liver resection, as 
was done in a previous study; instead, we performed 22.2% 
resection (18).

It has been reported that the proliferation of hepatocytes 
induces regeneration of the liver (20). Proliferation and 
hypertrophy almost equally contribute to regeneration (21). 
The sizes of hepatocytes and nuclei are reported to increase 
significantly in regeneration (21, 22). This is consistent with 
our study, which showed increased hepatocyte size and 
nuclear size, and the changes were significantly higher in 
rats receiving CS. The number of binuclear hepatocytes and 
binuclear-to-total hepatocyte ratio are considered as signs of 
liver regeneration in other studies (22). However, the present 
study was not consistent with earlier studies, and we found 
that even the BR was higher in both the sham group and CS 
groups, but it was significantly higher in rats receiving CS.

A wide range of markers are used to describe hepatic 
regeneration criteria (18, 23). MI, which is used in the 
present study, is the ratio between the number of cells in 
mitosis and the total number of cells. Our study showed 
that MI was significantly higher in rats receiving CS. Previous 
studies reported using immunofluorescence staining of Ki-67 
as a proliferation marker (21, 24). Ki-67 is expressed from the 
G1 to the M phase. Its expression was found to be higher in 
both the sham and CS groups compared to the control group. 
However, the expression of Ki-67 was significantly increased 
in rats that received CS compared with rats that did not.

CS is cultivated in many parts of the world because of its 
nutritional benefits and medicinal properties (25). It has 
shown beneficial effects in diseases of the biliary tract, 
digestive action, scurvy, anemia, and atherosclerosis (26, 
27). However, this study is the first to our knowledge 
to demonstrate experimentally that CS increases liver 
regeneration after liver resection in rats.

There are some limitations in this study. We found out that 
CS increases liver regeneration by changing hepatocyte 
histology, but we did not investigate the exact mechanism 
of CS that creates the histological changes. Thus, studies are 
needed for further investigation. In conclusion, the present 
study showed that CS increases liver regeneration after 
partial liver resection with increases in both proliferation and 
hypertrophy in the remnant liver.
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ABSTRACT

Objective: The knowledge of nonalcoholic fatty liver disease (NAFLD) and Nonalcoholic Steatohepatitis (NASH) is limited to the findings from 
available suitable models for this disease. A number of rodent models have been described in which relevant liver pathology develops in an 
appropriate metabolic context. In this experimental study, it was aimed to create a new liver fat model by giving fat from the portal vein of rats 
and to visualize the changes in the liver with advanced microscopic techniques.

Methods: 28 female rats were used in the study. Permanent intraabdominal cannulas were inserted into the portal vein of the rats. Rats 
were randomly divided four group. Intralipid 20% substance was injected through cannula to the experimental groups during the test period. 
Control group received saline at the same rate. At the end of the experiment, the animals were visualized with a laser speckle microscope and 
livers were divided into sections according to the stereological method. The sections were painted with Hematoxylin-Eosin, Oil red o, Masson 
trichoma, Bodipy, Nile red. Sections were evaluated under a microscope.

Results: Ballooning, inflammation and fibrosis were observed in the 2 week intralipid group. In the 1 week intralipid group, the rate of 
parenchyma decreased while the sinusoid rate increased, and sinusoid rate increased significantly in the 2 week intralipid (p˂0.05).

Conclusion: According to the findings, steatohepatitis was detected in the 2 week intralipid, whereas only steatosis was observed in the 1 week 
intralipid. Thus, it was concluded that the newly formed rat model causes steatosis.

Keywords: NAFLD, Steatosis, Portal vein, Confocal microscope, Laser speckle.
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Investigation of Changes in Liver Microanatomy in the Steatosis 
Model Created by Permanent Canula in Rats

1. INTRODUCTION

The prevalence of nonalcoholic fatty liver disease (NAFLD) is 
between 4% and 47% in different populations (1,2).

Alcoholic and nonalcoholic fatty liver is a disease characterized 
by the accumulation of triglycerides in hepatocytes. In 
nonalcoholic steatosis, not only fat, but also intralobular 
inflammation, hepatocellular ballooning, and advanced 
fibrosis are seen (3). Nonalcoholic steatosis is the most 
common chronic liver disease in the world (4), a metabolic 
disease that occurs in 10-35% of the world population and 
more than 50% of obese people (5).

Animal studies for the nonalcoholic steatosis model not only 
explain the pathogenesis of steatosis, but also provide important 
information for testing the therapeutic effects of various agents. 
However, these animal models need to coincide with both the 
pathophysiology and histopathology of human nonalcoholic 
steatosis (6,7). Currently, there are many animal models for 
nonalcoholic steatosis. None of these models demonstrates 

the entire process of human steatosis. Therefore, new models 
are needed to provide information about the pathogenesis and 
treatment of nonalcoholic steatosis (4).

The aim of this study was to create a non-alcoholic steatosis 
test model in rat liver by injecting fat from the portal vein 
using a permanent cannula to create a similar model of 
human fatty liver. In addition, it was aimed to detect the 
changes in liver tissue in more detail by making necessary 
stains after steatosis. At the same time, it is aimed to show 
uptake of fatty acid and possible accumulation of fat in 
intracellular fluid with fluorescent dyes to be applied and to 
detect all structural changes in liver tissue quantitatively by 
the latest stereological methods.

2. METHODS

The ethical approval of the study was obtained from 
Istanbul Medipol University Animal Experiments Local Ethics 

https://orcid.org/0000-0002-8538-3076
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Committee (date: 14.04.2014 and decision number: 17). A total 
of 28 female Sprague-Dawley rats weighing 250-300 g were 
used in the study. The animals were obtained from Istanbul 
Medipol University Medical Research Center (MEDITAM). 
All experiments were done in Regenerative and Restorative 
Medicine Research Center (REMER). The animals were 
maintained at the controlled temperature of 23 ± 1°C, humidity 
of 55 ± 5%, in a 14-hour light/10-hour dark cycle. Throughout 
the study, the animals were provided with soy-free, in-house-
prepared pelleted feed and filtered drinking water, ad libitum. 
Experimental groups (n=14) and control groups (n=14) were 
divided into 1-week intralipid (n=7), 1-week saline (S) (n=7) 
and 2-week intralipid (n=7), 2-week saline (n=7).

One-week experiment group was injected intralipid 20% 
substance + saline through the portal cannula for one week 
(1w/intralipid). One-week control group received saline in 
the portal cannula (1w/saline). Two-weeks experiment group 
was injected intralipid 20% + saline from the portal cannula 
for two weeks (2w/intralipid), while the control group was 
injected with saline for two weeks (2w/saline).

2.1. Surgical Procedures

Before surgery, animals were anesthetized. For surgical 
operations, the Ritsma protocol was used (8) (Fig. 1 A, B, 
C.). The edges of the cannula were adhered to the vessel 
with tissue adhesive (9). The reservoir with the cannula was 
placed in the pocket we created (Fig. 1 D, E).

 
 

 

Figure 1. Preparation of the rats for surgical operation and insert the cannula into the portal vein and blood flow image.  

A. Shaving and incision.  B. Catheter preparation.  C. Inserting the cannula into the portal vein. Abdominal imaging window developed by the 
materials in our laboratory and D. placement of the rat in the portal vein with cannula. E. Laser speckle microscopy shows the imaging process 
of the liver. F. amount of perfusion (blue: low flux, green: medium flux, red: high flux).  G. measured areas in liver.

Figure 1. Preparation of the rats for surgical operation and insert 
the cannula into the portal vein and blood flow image.

A. Shaving and incision. B. Catheter preparation. C. Inserting the 
cannula into the portal vein. Abdominal imaging window develo-
ped by the materials in our laboratory and D. placement of the rat 
in the portal vein with cannula. E. Laser speckle microscopy shows 
the imaging process of the liver. F. amount of perfusion (blue: low 
flux, green: medium flux, red: high flux). G. measured areas in liver.

2.1.2. Intralipid injection: 

After surgical procedures, intralipid ® 20% substance from 
portal vein was given to the experimental groups in the form of 
2.4 g fat / kg + saline every day during the experiment period, 
while steatosis was aimed to occur in the control groups 0.9% 
saline administered daily during the same period.

2.1.3.Live microscopic examination of steatosis model 
developed rats:

Blood flow in the liver was evaluated with laser speckle 
microscopy while the rats were under anesthesia. The 

distance between the rat and the microscope objective was 
adjusted and the measurement started (Fig. 1 G, H). For this 
purpose, the same areas were used to measure on the same 
lobe of each rat. All rats were imaged between the 5th and 
10th minutes and the values were recorded.

2.1.4.Examination of steatosis model rats by biochemical, 
histological and stereological methods:

At the end of the experiment, all rats were anesthetized, 
blood was taken from the heart and euthanized than liver 
tissue was collected (10,11).

2.1.5. Biochemical Analyses:

Aspartate aminotransaminase (AST), Alanine aminotransferase 
(ALT) serum levels were determined. Rat Eliza kits (Sigma) were 
used for the samples. The solutions were prepared following 
the protocols in the assay kits.

2.1.6. Fluorescent Staining:

Nile red staining and Bodipy staining; The stock solution was 
prepared before staining and then imaged on a confocal 
microscope (Zeiss LSM 780 NLO Multi Photon and Confocal 
Microscope; Zeiss Axio Observer Z1, fully motorized inverted 
microscope).

2.1.7. Histological investigation

For histological investigation, 8 µm sections were taken from 
frozen liver tissues in cryostat. Images were taken with axio 
zoom microscope.

2.1.8. Oil Red O staining (ORO)

With this dye, the presence of lubrication under fluorescence 
microscopy was evaluated.

2.1.9. Hemotoxylin-Eosin staining:

Hemotoxylin and eosin staining were performed on sections 
taken at 5 µm size. It was evaluated whether there was 
ballooning and whether the lubrication was macrovesicular 
or microvesicular.

2.1.10. Masson trichoma staining:

For staining, 8 µm sections were taken from the tissues with 
cryostat. Fibrosis in liver tissue was evaluated with stained 
sections.

2.2. Morphometric Analyses

In our study, morphometric evaluations were performed to 
obtain quantitative results. For this purpose, after the blood 
collection from rats, removed liver lobes were divided into 
6-8 sections and tissue fragments were taken according 
to systematic random sampling method (12). A piece of 
tissue of 1 cm³ was taken for each animal. Subsequently the 
fractions were frozen at – 80 ° C. Sections of frozen tissue 
were then taken in 5 µm sections on the cryostat. Sections 
were selected by systematic random sampling method 
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(one out of every 16 sections). All sections were stained 
with Hematoxylin-Eosin. Mean diameter of central veins in 
liver and liver sinusoids to liver parenchyma ratio (Vv) were 
calculated on these sections. To estimate the mean diameter 
of central veins, major (a) and minor (b) diameters of central 
veins were measured and the formula 

 
 

2.1.9. Hemotoxylin-Eosin staining. Hemotoxylin and eosin staining were performed 
on sections taken at 5 µm size. It was evaluated whether there was ballooning and 
whether the lubrication was macrovesicular or microvesicular. 
 
2.1.10.Masson trichoma staining. For staining, 8 µm sections were taken from the 
tissues with cryostat. Fibrosis in liver tissue was evaluated with stained sections. 
 
2.2. Morphometric Analyses 
In our study, morphometric evaluations were performed to obtain quantitative results. 
For this purpose, after the blood collection from rats, removed liver lobes were divided 
into 6-8 sections and tissue fragments were taken according to systematic random 
sampling method (12). A piece of tissue of 1 cm³ was taken for each animal. 
Subsequently the fractions were frozen at -80 ° C. Sections of frozen tissue were then 
taken in 5 µm sections on the cryostat. Sections were selected by systematic random 
sampling method (one out of every 16 sections). All sections were stained with 
Hematoxylin-Eosin. Mean diameter of central veins in liver and liver sinusoids to liver 
parenchyma ratio (Vv) were calculated on these sections. To estimate the mean diameter 
of central veins, major (a) and minor (b) diameters of central veins were measured and 
the formula (D =	√a. b) was used However, sinusoids to parenchyma ratio was 
determined by point counting method (13). 
 
2.3. Statistical Analyses 
Mean, standard deviation, median lowest, highest, frequency and ratio values were used 
in descriptive statistics of the data. Distribution of variables was measured by 
Kolmogorov Simirnov Test. Mann-Whitney u test was used for the analysis of 
quantitative independent data. The chi-square test was used for the analysis of 
qualitative independent data, and the Fischer test was used when the chi-square test 
conditions were not met. SPSS 22.0 program in analysis. 
 
3.RESULTS 
In the 1w/intralipid group, steatosis, including mostly microvesicular-weighted 
macrovesicles, was observed. Hepatocellular ballooning was not observed. There were 
lobular inflammations. In the 2w/intralipid group; steatosis was predominantly 
macrovesicular. There was lobular inflammation. Hepatocellular ballooning was 
observed. Perisinusoidal fibrosis and portal fibrosis were also present. Lipogranulomas 
were large in size. Steatosis ballooning and lobular inflammation were not seen in the 
control group (Fig.3) (Table 1). 
 
3.1.Histological and Fluorescent Staining Findings 
Ballooning / fibrosis results (Fig. 1, 3) and Oil red o, Nile red and Bodipy staining results  
are shown in Table 1 (Fig. 3, 4). 
 
3.2.Morphometric, Biochemical and Liver Perfusuion (Blod flow) findings 
Results are shown in the Table 1 (Fig. 2, 3). 

 was used 
However, sinusoids to parenchyma ratio was determined by 
point counting method (13).

2.3. Statistical Analyses

Mean, standard deviation, median lowest, highest, frequency 
and ratio values were used in descriptive statistics of the 
data. Distribution of variables was measured by Kolmogorov 
Simirnov Test. Mann-Whitney u test was used for the analysis 
of quantitative independent data. The chi-square test was 
used for the analysis of qualitative independent data, and the 
Fischer test was used when the chi-square test conditions 
were not met. SPSS 22.0 program in analysis.

3. RESULTS

In the 1w/intralipid group, steatosis, including mostly 
microvesicular-weighted macrovesicles, was observed. 
Hepatocellular ballooning was not observed. There were 
lobular inflammations. In the 2w/intralipid group; steatosis 
was predominantly macrovesicular. There was lobular 
inflammation. Hepatocellular ballooning was observed. 
Perisinusoidal fibrosis and portal fibrosis were also present. 
Lipogranulomas were large in size. Steatosis ballooning and 
lobular inflammation were not seen in the control group 
(Fig.3) (Table 1).

 
 

 

Figure 3. Ballooning, fibrosis and fat accumulation images. Figure 2. Histological investigation of central vein and sinusoid/
parencyma.
A. 1w/saline central vein. B. 1w/intralipid central vein C. 1w/saline sinosoid/
parencyma. D. 1w/intralipid sinusoid/parencyma. E. 2w/saline central vein. F. 
2w/intralipid central vein. G. 2w/saline sinosoid/parencyma. H. 2w/intralipid 
sinusoid/parencyma. V: central vein, narrow: sinusoid (HE staining).  
 

 

Figure 4. Lipid droplet and fatty acids images. Figure 3. Ballooning, fibrosis and fat accumulation images.

A. 1w/intralipid. B. 2w/intralipid (short black arrows show microvesicular 
ballooning, long black arrows show macrovesicular ballooning HE). C. 1w/
saline. D. 1w/intralipid (less periportal fibrosis). G. 2w/saline. H. 2w/intrali-
pid (pericinusoidal and periportal fibrosis) Masson trichroma. E. 2w/intrali-
pid. F. 1w/intralipid; the green spots are the foci where the bodipy fluores-
cent dye radiates. Shows intracellular fat accumulation (Bodipy staining).

Table 1. Summary of Results.

1w/saline 1w/intralipid  2w/saline 2w/intralipid p
Mean central vein diameters (µ)
Med±s.d.

5.8 ± 0.7 8.1 ± 2.6 5.8 ± 0.7 10.7 ± 2.8 0.00m

Sinusoids / parenchyma (Vv)
Med±s.d

4.5 ± 2.8 14.4 ± 5.5 4.4 ± 1.3 22.4 ± 3.9 0.00m

Ballonning
(n=42 sample each group)

(+) n-(%) 0; 0.0% (+) n-(%) 0; 0.0% (+) n-(%) 0; 0.0% (+) n-(%) 8; 19.0% 0.000X²

Fibrosis
(n=42 sample each group)

Perisinusoidal; 0.0% Perisinusoidal; 0.0% Perisinusoidal; 0.0% Perisinusoidal; 11.9% 0.000X²

Periportal; 0.0% Periportal; 14.3% Periportal; 0.0% Periportal; 88.1%
Fat granule rate
(n=42 sample each group)

%5; 0.0% %5; 33.3% %5; 0.0% %5; 28.6% 0.000X²

%15; 0.0% %15; 0.0% %15; 0.0% %15; 14.3%
> %50; 0.0% > %50; 0.0% > %50; 0.0% > %50; 57.1%

Fatty acid release
(n=42 sample each group)

(+) n-(%) 0; 0.0% (+) n-(%) 32; 76.2% (+) n-(%) 0; 0.0% (+) n-(%) 37; 88.1% 0.000X²

Intracellular fat accumulation (+) n-(%) 0; 0.0% (+) n-(%) 0; 0.0% (+) n-(%) 0; 0.0% (+) n-(%) 42; 100% 0.000X²

ALT(U/L)
Med±s.d.

96.9 ± 42.4 81.6 ± 32.9 83.6 ± 34.7 117.5 ± 58.8 0.25m

AST(U/L)
Med±s.d.

188.3 ± 95.4 217.0 ± 97.5 162.6 ± 38.5 343.4 ± 194.3 0.05m

Blood flow (mm/min)
Med±s.d.

162.1±22.4 109.6 ± 48.3 160.5 ± 44.1 120.1 ± 10.5 0.089k

Liver histopathological and biochemical parameters in control and experimental groups. m Mann-Whitney U test. X² Chi-square test. K Kruskal-Wallis (Mann-
Whitney U test). (p <0.05)
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3.1. Histological and Fluorescent Staining Findings

Ballooning / fibrosis results (Fig. 1, 3) and Oil red o, Nile red 
and Bodipy staining results are shown in Table 1 (Fig. 3, 4).  

 

 

 

Figure 4. Lipid droplet and fatty acids images.

A. 1w/saline. B. 1w/intralipid. C. 2w/saline. D. 2w/intralipid. G. 2w/
saline (short black arrows shows oil granules, ORO). E. 1w/saline. 
F. 2w/intralipid. G. 2w/saline.H. 2w/intralipid, white arrows show 
fatty acids, the golden yellow spots are the foci where the nile red 
dye radiates. (Nile red staining).

3.2. Morphometric, Biochemical and Liver Perfusuion (Blod 
flow) Findings

Results are shown in the Table 1 (Fig. 2, 3).

4. DISCUSSION

The knowledge of NAFLD and NASH is limited by the suitable 
models for this disease at the end of previous studies. A number 
of rodent models have been described in which relevant liver 
pathology develops in an appropriate metabolic context. These 
models play a key role in research on NASH. To date, not a 
single rodent model has been able to explain the progression 
of this disease in humans, but these models can mimic the 
characteristics of the disease in humans. Therefore, it is important 
that researchers select appropriate rodent models (14).

When rats were evaluated macroscopically, large or small 
lipogranuloma was observed in all of the 2w/intralipid (Fig. 4 
A-D). Lipogranulomas are not necessary for the diagnosis of 
NAFLD, but since it is a frequently observed finding in NASH 
(15), it has been valuable data indicating that our model may 
have positive results macroscopically.

Morphometric examinations in our study: mean central vein 
diameter was found to be larger in both 1w/intralipid and 2w/
intralipid than control group rats. When the 2w/intralipid and 
1w/intralipid were compared (Fig. 2 A-D), the mean central vein 
diameter was larger in the 2w/intralipid compared to the other 
group, indicating that the mean central vein diameter increased 
as fat was fed from the portal vein. However, it was observed that 
the vessel diameters in the portal area increased more in the 2w/
intralipid compared to the 1w/intralipid. There was no such study 
on the diameter of the central vein in parallel with our study. Shih 
et al. 2016 (16), stated that the change in central vein diameter 
did not correlate with blood flow in their transplantation study.

When the sinusoid / parenchyma ratio was calculated 
morphologically; The rats in the 1w/intralipid group were found 
to have increased sinusoidal space compared to the control 
group, but decreased liver parenchyma. In the 2w/intralipid 
group, it was observed that the sinusoidal space increased and 
liver parenchyma decreased more than the 1w/intralipid group. It 
is noteworthy that the parenchyma decreases and the sinusoidal 
space increases as the duration of the experiment increases. 
Noorafhsan et al. 2005 (17), in their study of diabetic rats reported 
that changes in the volume of sinusoid volume to changes in 
hepatocyte volume. Altunkaynak and Ozbek 2009 (12), female 
rats in their study of high fat content in the increase in sinusoidal 
volume due to necrosis parenchyma loss and decreased the 
density of hepatocytes were connected. Again, Yahyazadeh et 
al. 2017 (18), in their high-fat diet study, stated that feeding with 
fatty diet causes vascular dilatation in the liver and this may be 
due to inflammatory changes. Brancatelli et al. (19) attributed the 
cause of sinusoidal dilatation to increased venous pressure.

 Ballooning and Mallory-Equivalent bodies represent liver 
cell damage and are critical in making the diagnosis of NASH 
(20). In our study, ballooning was observed only in the 2w/
intralipid group (Fig. 3), whereas no ballooning was observed 
in the one-week experimental group. This indicates the 
presence of steatohepatitis in the 2w/intralipid group.

NASH is part of the NAFLD spectrum, characterized by 
lobular inflammation and progressive perisinusoidal 
fibrosis (21). Liver fibrosis is a liver disease that can result 
in the accumulation of extracellular matrix proteins, mainly 
collagen, and subsequent cirrhosis, portal hypertension, 
hepatic failure and HCC due to chronic liver damage (22).

In our study, inflammation was detected in 2w/intralipid 
groups, but not in the majority of the 1w/intralipid groups. 
This inflammation in the 2w/intralipid groups is mainly 
caused by lobular infiltration. This is an important symptom 
of steatohepatitis (23), indicating that steatohepatitis occurs 
in the 2w/intralipid group. When sections were stained 
with Masson trichoma stain used to show fibrosis, fibrosis 
was observed in some of the 1w/intralipid groups. Both 
periportal and perisinusoidal fibrosis were present in the 
two-week experimental group. In the 1w/intralipid group, 
periportal fibrosis was seen in some regions alone. However, 
the presence of both periportal and perisinusoidal fibrosis in 
the 2w/intralipid group is an indication that the model we 
developed was going to steatohepatitis.

When oil red o stained sections were evaluated, oil droplets 
were observed in experimental groups compared to control 
groups in our study. When the 1w/intralipid group and the 
2w/intralipid group were compared, the percentage of fat 
droplets on the cross-section in the 2w/intralipid group 
was higher than the 1w/intralipid group. In addition, when 
comparing the size of the oil droplets in the hematoxylin-eosin 
stained sections, an image was obtained with microvesicular 
oil drops, mostly on the basis of macrovesicular weight 
in the 2w/intralipid group. In the 1w/intralipid group, a 
few rats in the group had less macrovesicular weighted 
fat droplets than the 2w/intralipid group, while the other 
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rats had microvesicular weighted fat droplets, including 
macrovesicles. Although microvesicular fat droplets have a 
poor prognosis in the long term, they are known to carry a 
great risk for the development of steatohepatitis and liver 
damage (24). In our study, we can say that simple steatosis 
occurs in the animals in the 1w/intralipid group and the risk 
of steatohepatitis is high. The presence of severe steatosis in 
rats in the 2w/intralipid group was determined by staining.

When all these histological findings were evaluated together; In 
the 1w/intralipid group, non-alcoholic fatty liver was evaluated; 
mild steatosis (> 5%) as well as periportal inflammation and 
no ballooning. In 2w/intralipid group, severe steatosis (33% – 
66%), lobular inflammation was observed as 2-4 foci per foci, 
with several ballooned hepatocytes in sections. Given these 
data, it is possible to mention the presence of NAFLD in both 
experimental groups. When non-alcoholic steatohepatitis 
is graded, it is possible to mention only mild steatosis in 
the 1w/intralipid group and panacinar steatosis in the 2w/
intralipid group. Since fibrosis was not observed in the 1w/
intralipid group except portal fibrosis, staging could not be 
performed, whereas the 2w/intralipid group showed stage 
2 characteristics. In the light of these data, steatosis has 
occurred in our 1w/intralipid group, but it can be said that the 
2w/intralipid group has gone to steatohepatitis.

Abnormal intrahepatic fat accumulation (steatosis) in the form 
of cytoplasmic lipid droplets is an early pathophysiological 
feature of alteration of liver metabolism. For this reason, 
when we evaluated the fatty acid intake by Bodipy staining to 
detect the fat droplets, the foci of radiation were determined 
in certain areas in 2w/intralipid groups. This radiation showed 
us that fatty acid intake and accumulation were present in 
the 2w/intralipid group.

In order to detect intracellular fat accumulation by Nile red 
staining, fluorescence radiation from the stained sections was 
evaluated under a microscope. The abundance and scarcity 
of the focal points were examined from the sections where 
there was radiation. According to the results, more radiant 
focal points were detected in some rats in the 1w/intralipid 
group, and less in some rats in the 2w/intralipid group. Thus, 
more intracellular fat accumulation was observed in the 2w/
intralipid group than in the 1w/intralipid group. Foci with 
radiation are often more frequent in or near the portal area, 
especially where cell infiltration occurs.

The accumulation of end products of enzymatic reactions in 
the liver may contribute to liver microvascular damage and 
NAFLD progression by further enhancing liver dysfunction. 
Since the end products of the enzymatic reaction are 
essentially advanced glycation end products, it has been 
disclosed that by stimulating the receptor, it exacerbates liver 
damage, fibrosis and inflammation, which in turn activates 
oxidative and inflammatory pathways (24).

In the studies to date, microcirculation change of NAFLD has 
been mentioned (25, 26). For this purpose, in our study, blood 
flow was evaluated by laser speckle for microcirculation of 
liver blood flow. Although no significant difference was found 

between the one week groups, it was observed that blood 
flow slowed down in some parts of the liver lobe compared 
to other groups in the 1w/intralipid group. Seifalian et al. 1999 
(26) , in their study found that decreased microcirculation in 
the steatosis group and as a result of hepatic fat infiltration 
of the liver blood flow and parenchymal microcirculation were 
interpreted as slowed. McCuskey et al. 2004 (27), in their study 
of steatohepatitis with dietary fat in the flow of fat to go down 
to the direction of fibrosis interpreted their studies. In a NAFLD 
study performed by Pereira et al. 2017 (28), with a high-fat 
diet, it was found that liver blood flow decreased by up to 47%. 
This situation is similar to our study. When the 2w/intralipid 
groups were compared with the saline groups, it was observed 
that blood flow decreased in the portal vein fat treated groups 
compared to the saline groups and a significant difference was 
observed. Our results coincide with other studies (26,28).

 As a result of the ALT evaluation of the blood samples of the 
experimental groups, no statistically significant difference was 
observed between the groups. However, according to the AST 
results, there was no difference between the 1w/intralipid 
group and the control group, whereas the AST values ​​of the 
2w/intralipid group were higher than the other groups. When 
the results were examined, the AST value of the 2w/intralipid 
group was found to be significant compared to the saline group. 
AST / ALT ratio of 1.33 and above is indicative of steatosis (29). 
In fact, the increase in AST is directly proportional to fibrosis 
(30). When we look at all of our groups, the ratio is over 1.33. 
Surprisingly, this rate was high in our control groups. This 
model, which we developed because we observed fibrosis 
formation due to the fact that AST was higher in the 2w/
intralipid group compared to other groups, shows that this 
model is similar to other steatohepatite models (16). At the 
same time, as the increase in AST is a determinant factor in 
the blood after liver tissue damage, this result confirms the 
histological data of our study.

When we compare the data obtained in our study with other 
models, we can say that we created a new model for NAFLD 
studies by showing the presence of fatty acids in hepatocytes in 
addition to ballooning, steatohepatitis and fibrosis in our model.

The formation mechanism of NAFLD has been discussed in all 
studies until today and it has been stated that not all models 
made reflect the same spectrum in humans. Therefore, we 
set out to create a new model closest to the human NAFLD. 
As a matter of fact, in our study, when we look at the general 
parameters in this model, we observed that NAFLD was 
formed by administering oil directly from the portal vein 
as well as parenteral models. With this new model, we 
think that may be opened a new door in NAFLD formation 
mechanism studies.

We recommend that researchers focus on the development of liver 
carcinoma, the last step of NAFLD. Since cardiovascular diseases 
are seen in people with NAFLD, it is necessary to determine the 
presence of cardiovascular diseases in the lubrication performed 
with this model. At the same time, other studies in which our 
model will be used can be obtained from different parameters 
and molecular evaluation of NAFLD to provide new information 
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about the mechanism of this disease. With this information can 
help in the development of drug therapy.
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ABSTRACT

Objective: This study aims to evaluate the effects of the COVID-19 process and the measures taken on fatigue, anxiety and depression levels in 
individuals, and the factors that may cause this effect.

Methods: The study is of cross-sectional type. A total of 281 participants who applied to the pandemic outpatient clinic were included in the 
study. Data collection form with 27 questions and Hospital Anxiety and Depression Scale (HADS) with 14 questions were used in the study. 
Relationships between data were evaluated with t-test and chi-square test in independent groups. The importance levels of the factors affecting 
the anxiety and depression scores were determined by the Chaid Analysis. Statistically, cases with p<.05 were considered significant.

Results: A total of 281 participants, with a mean age of 40.09±12.35 years and 56.2% women, were included in the study. The mean depression 
score of the participants in HADS was 7.43±3.85. The mean anxiety score was 8.11±4.04. 61.6% of the participants had depression and 31.0% 
had anxiety. According to Chaid’s analysis, the most effective factor on anxiety and depression scores was that the fear of contracting the 
COVID-19 infection exhausted the individual.

Conclusion: As a result of the research, it was found that the frequency of depression and anxiety was high in patients who applied to the 
pandemic outpatient clinic. It was determined that more than half of the participants were afraid of catching an infection and this fear caused 
fatigue in them. Mental health should not be ignored during the pandemic period and both physical and mental health of people should be 
protected with holistic approaches.

Keywords: Anxiety, depression, fatigue, Hospital Anxiety and Depression Scale, prevention.
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Evaluation of the Relationship of Fatigue, Anxiety and 
Depression Levels in Individuals with the Precautions Taken in 
the COVID-19 Pandemic Process

1. INTRODUCTION

On 31 December 2019, the World Health Organization 
(WHO) China Country Office reported cases of pneumonia of 
unknown etiology in Wuhan, China (1,2). On January 7, 2020, 
the causative agent of these pneumonia cases was identified 
as a new coronavirus (2019-nCoV) that has not been detected 
in humans before. Later, the name of the 2019-nCoV disease 
was accepted as Coronavirus disease-19 (COVID-19) (3). 
COVID-19 infection, whose main clinical symptoms include 
fever, weakness, myalgia, dry cough and shortness of breath, 
was defined as a global epidemic (pandemic) by the World 
Health Organization on March 11, since it was seen in 113 
countries outside of China, where the epidemic started (3). 
The first COVID-19 case in Turkey was seen on 11 March 2020 
(4). In the process since the first case was detected, the main 
country strategy regarding the epidemic has been to reduce 
the incidence of cases and slow the rise in the epidemic curve 
with public health measures (4).

The COVID-19 pandemic affects societies not only in the 
field of health, but also in the economic and psychosocial 
field. In the face of such a major global epidemic, many 

people worry about the health of themselves and their 
families, and may face difficulties related to work or financial 
issues (5). Not knowing when the epidemic will end, fear 
of catching infection, lack of a definitive treatment for the 
infection, exposure to the ever-changing flow of information 
about the pandemic and COVID-19 infection, weakening of 
interpersonal relations due to social isolation adversely affect 
the mental health of the society. These effects may worsen 
the diagnosed psychiatric disorder or pre-existing psychiatric 
disorders (6). Studies show that the frequency of disorders 
such as anxiety, depression, fear, stress and sleep problems 
increases during the COVID-19 epidemic (6-9).

Psychosocial factors play an important role during epidemics. 
For example, societies’ attitudes towards masks and social 
distance, their perspective on vaccination have important 
effects on the spread of infection or its rapid control (10). 
At the beginning of the pandemic, the diagnosis, treatment 
and prevention of COVID-19 infection were focused on and 
intensive studies were carried out in these areas. With the 
prolongation of the pandemic period, attention was drawn 
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to mental health and studies on the effects of the pandemic 
on human psychology increased (11).

Fatigue, one of the known symptoms of COVID-19, is a 
common complaint in the general population, as well as 
a common symptom of various physical and psychiatric 
disorders. Studies have shown that fatigue is affected by 
many factors, including age, gender, physical condition, 
psychological conditions, and personality traits (12). Rules 
such as physical and social isolation, constant use of masks, 
and paying more attention to hygiene rules than usual, which 
entered our lives with the COVID-19 pandemic, can cause 
fatigue (13,14).

This study aims to determine the effects of knowledge, 
attitudes, behaviors and precautions regarding COVID-19 on 
the fatigue, anxiety and depression levels felt in individuals 
who applied to the pandemic outpatient clinic. It also aims 
to determine the risks and protective factors related to felt 
fatigue, anxiety and depression levels.

2. METHODS

2.1. Study Type

The study is a cross-sectional designed epidemiological study.

2.2. Ethical Approval

The Turkish Ministry of Health, General Directorate of 
Health Services approved the study protocol (Approval 
Date/Number: 22.01.2021-01-22-T18_28_33). In addition, 
permission was obtained from the Ethics Committee of 
Necmettin Erbakan University Meram Faculty of Medicine 
(Date: 5 February 2021, No: 2021/3068), and the hospital’s 
chief physician. Before starting the study, all participants 
were informed about the details of the study and their verbal 
consent was obtained.

2.3. Sample Size

The population of the study consisted of patients who 
applied to the pandemic outpatient clinic of Necmettin 
Erbakan University Meram Medical Faculty Hospital. Based 
on the-chi-square test in the G Power program, the sample 
size was calculated to be at least 207 with 0.05 type 1 error, 
95% power, medium effect size (0.3), and maximum degree 
of freedom of 4. Data from the study sample were obtained 
by simple random sampling method.

2.3. Data Collection Tools

After the literature review, a data collection form was 
prepared for the research. The data collection form consists 
of 41 questions and 3 parts. The first part of the form, 
consisting of 9 questions, is the personal information form 
created to obtain the demographic information of the 
participants. The form includes questions about age, gender, 

educational status, marital status, occupation, income status 
and presence of chronic disease.

The second part consists of 18 questions. In this section, 
sources of information about the pandemic, feeling tired 
against the measures taken during the pandemic process, 
and being afraid of contracting COVID-19 were questioned. 
In this section, information questions about the pandemic 
were also given and the participants were asked to answer 
these questions.

The second part, consisting of 14 questions, questions the 
measures taken during the COVID-19 pandemic and the 
effects of these measures on individuals. The third part with 
14 questions includes the Hospital Anxiety and Depression 
Scale (HADS). HADS is a self-administered scale. It was first 
developed by Zigmond and Snalth (15), and its Turkish 
validity and reliability study was performed by Aydemir et al. 
(16). The scale consists of 14 questions, 7 of which measure 
anxiety and 7 of which measure depression. For Turkish 
people, the anxiety cut-off score was 10 and the depression 
cut-off score was 7. The minimum score that can be obtained 
from both the anxiety and depression subscales of the scale 
is 0, and the maximum score is 21 (16).

2.4. Procedure

Study data were collected after ethical approval was 
obtained. The study was conducted on male and female 
patients who applied to the pandemic outpatient clinic 
between 01.03.2021 and 15.04.2021 and gave verbal consent 
to participate in the study, and 281 people were included. 
Participants who did not give verbal consent to participate, 
had mental disorders that would prevent communication, 
and had deficiencies in the data collection form were not 
included in the study. Data collection forms were filled by 
the participants in accordance with the pandemic rules. Each 
form was completed in an average of 15 minutes.

2.5. Statistical Analysis

Data entry and statistical analysis were performed using the 
SPSS for Windows version 18.0 (SPSS Inc. Chicago, IL, USA) 
package program. In summarizing numerical data; arithmetic 
mean±standard deviation and median (1st quarter-3rd 
quarter) values were used. The numbers and percentages 
were used to summarize categorical data. In the evaluation 
of numerical data conforming to the normal distribution, 
independent-samples t-test was used. The relationship 
between the anxiety and depression scores of the participants 
was evaluated with Pearson Correlation analysis. One-way 
Anova test was used to determine whether the anxiety and 
depression levels of the participants differed according to 
the information sources. Post hoc LSD test was performed 
to determine from which group the significant difference 
originated. The importance levels of the factors affecting 
the anxiety and depression scores of the participants 
were determined by the Chaid Analysis. The distribution 
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of categorical data was evaluated with the chi-square test. 
Statistically, cases with p<.05 were considered significant.

3. RESULTS

3.1. Sociodemographic Characteristics of the Participants

A total of 281 people, with a mean age of 40.09±12.35 
years and 56.2% women were included in the study. 
Sociodemographic characteristics of the patients are 
presented in Table 1.

Table 1: Sociodemographic characteristics of the participants.

Demographic Variables n %

Gender
Female 158 56.2
Male 123 43.8

Marital Status
Married 213 75.8
Single 68 24.2

Educational Status
Middle School and Below 83 29.5
High School and Above 198 70.5

Job

Officer 64 22.8
Employee/Small Business 69 24.6
Not Working 87 31.0
Other 61 21.7

Family Structure
Nuclear Family 225 80.1
Extended Family 34 12.1
Alone 22 7.8

Living Place
Provincial Center 211 75.1
Town/Village 70 24.9

Chronic Disease
No 188 66.9
Yes 93 33.1

Change In Income During 
The Pandemic Period

Decreased 119 42.3
Unchanged/Increased 162 57.7

The patients included in the study received the most 
information about the precautions to be taken against 
COVID-19 infection from television/newspaper (n=124; 
44.1%), social media/internet (n=109; 38.8%) and health 
personnel (n=37; 13.2%) and other people (n=11; 3.9%). 
A total 205 (73.0%) participants stated that the measures 
taken against transmission routes (such as mask, distance, 
disinfection) during the COVID-19 pandemic caused physical, 
social or psychological fatigue. Of the patients who applied to 
the pandemic outpatient clinic, the rate of those who stated 
that they were afraid of contracting COVID-19 infection was 
82.6% (n=232). Of these 232 patients who stated that they 
were afraid, 61.2% (n=172) stated that this fear tired out 
them, and 48.0% (n=135) believed that this fear and fatigue 
would be overcome by vaccination.

3.2. Prevalence of Depression and Anxiety of Participants

According to the HAD scale, 61.6% of the participants had 
depression and 31.0% had anxiety. The mean depression 
score of 281 participants from HADS was 7.43±3.85; the 
mean anxiety score was 8.11±4.04. There was a statistically 
significant positive and high correlation between the anxiety 
and depression scores of the participants (r=0.611, p<.001).

3.3. Investigation of Depression-Related Characteristics of 

Participants

When the characteristics of the patients that may be related 
to depression were investigated, we determined that the 
depression scores of those living in rural areas were higher 
than those living in the urban (Table 2).

Table 2: Factors that may affect participants’ tendency to depression.

Features

Depression score

<7 points ≥7 points

n % n % ᵪ2 p

Living place
Provincial 
Center

91 43.1 120 56.9
7.886 .005

Town/Village 17 24.3 53 75.7*

Change In Income 
During The Pandemic 
Period

Decreased 39 32.8 80 67.2
2.796 .095Unchanged/

Increased
69 42.6 93 57.4

Did the measures taken 
during the pandemic 
period cause physical 
or psychological fatigue 
in you?

Yes 64 31.2 141 68.8*

16.673 <.001
No 44 57.9 32 42.1

Are you afraid of 
contracting COVID-19 
infection?

Yes 77 33.2 155 66.8*
15.465 <.001

No 31 63.3 18 36.7

Does the fear of getting 
sick tire you? (n=232)

Yes 46 26.7 126 73.3*
12.460 <.001

No 31 51.7 29 48.3

Can the fear of getting 
sick go away with the 
vaccine? (n=232)

Yes 53 39.3 82 60.7
5.364 .021

No 24 24.7 73 75.3*

I support the curfew 
restrictions.

Yes 86 38.2 139 61.8
0.021 .884

No 22 39.3 34 60.7

When I come into 
contact with someone 
outside, I remember the 
COVID-19 disease.

Yes 93 36.6 161 63.4

3.700 .054
No 15 55.6 12 44.4

I apply personal hygiene 
measures after contact.

Yes 103 38.3 166 61.7
0.055 .518

No 5 41.7 7 58.3

I clean the products 
bought after 
shopping with soap or 
disinfectant.

Yes 40 28.0 103 72.0*

13.469 <.001
No 68 49.3 70 50.7

If I go to the markets, 
I pay attention to the 
time I spend there.

Yes 88 36.1 156 63.9*
4.394 .036

No 20 54.1 17 45.9

If I catch COVID-19, 
I think I will recover 
quickly with effective 
treatment.

Yes 84 42.4 114 57.6

4.510 .034
No 24 28.9 59 71.1*

I think the mask rule is 
exaggerated.

Yes 16 40.0 24 60.0
0.048 .826

No 92 38.2 149 61.8

I am tired of washing my 
hands frequently due to 
the pandemic.

Yes 23 25.3 68 74.7*
9.849 .002

No 85 44.7 105 55.3

I am tired of using masks 
due to the pandemic.

Yes 29 28.2 74 71.8*
7.260 .007

No 79 44.4 99 55.6

Do you see physical 
distancing as isolation?

Yes 89 37.7 147 62.3
0.325 .569

No 19 42.2 26 57.8

* indicates the group from which the statistical difference originates.
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There was no statistically significant difference between 
depression and other variables such as gender, age, marital 
status, educational status, occupation, family structure, presence 
of chronic disease, and sources of information about the disease.

Figure 1. The results of the Chaid analysis of the factors affecting 
the depression score.

The independent variables affecting the depression score as a 
result of the Chaid analysis are given in Figure 1. According to 
the Chaid analysis, 61.6% of the participants had a depression 
score of 7 and above. We found that the most important factor 
on the depression score of the participants included in the study 
was that the fear of catching the COVID-19 infection exhausted 
the participants. While the depression score of 73.3% of those 
who thought that the fear of COVID-19 infection made them 
tired was 7 and above, the depression score of 56.9% of those 
who thought that the infection did not tire them was below 7. 
Among the participants who stated that the fear of catching 
the COVID-19 infection exhausted them, 83.5% of those 
thought that this fear would not be cured by vaccination had a 
depression score of 7 and above, while this rate was 64.5% of 
those who thought that they would be cured by vaccination.

3.4. Investigation of Anxiety-Related Characteristics of 
Participants

When the anxiety-related characteristics of the participants 
were investigated, it was observed that the mean age of 
those with high anxiety scores (36.68±11.59) was statistically 
significantly lower than the mean age of those with low 
anxiety scores (41.61±12.40) (t=3.141, p=.002). In addition, 
it was determined that the anxiety scores of the participants 
whose education level was secondary school or below were 
significantly lower than those whose education level was 
high school and above (Table 3).

A statistically significant difference was found between anxiety 
scores according to information sources about COVID-19 infection 
(F=7.195, p<.001). The difference is that the anxiety score of those 
who get information from television or newspaper ( =7.22) is 
lower than those who get information from social media ( =9.18) 
and other people ( =10.72), and those who get information from 
social media ( =9.18) have a lower anxiety score than those who 
get information from social media ( =9.18). It was due to the 
fact that the employees ( =7.16) were higher than those who 
had information. There was no statistically significant difference 
between anxiety and other variables such as gender, marital 
status, place of residence, education level, occupation, family 
structure and presence of chronic disease (p>.05).

Figure 2. The result of the Chaid analysis of the factors affecting the 
anxiety score.
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The result of the Chaid analysis of the independent variables 
affecting the anxiety score is given in Figure 2. According to 
the Chaid analysis, 69.0% of the participants had an anxiety 
score below 10, and 31.0% had an anxiety score of 10 and 
above. In the study, it is observed that the most important 
factor on the anxiety score is the fear of contracting the 
COVID-19 infection. While 42.4% of those who thought they 
had a fear of contracting COVID-19 infection had an anxiety 
score of 10 and above, 12.8% of those who thought they 
were not tired had an anxiety score of 10 and above. Of 
the participants who stated that the fear of contracting the 
COVID-19 infection exhausted them, 61.5% of those aged 36 
and under had an anxiety score of 10 and above, while only 
30.8% of those younger than 36 had an anxiety score of 10 
and above.

4. DISCUSSION

It is inevitable that the COVID-19 pandemic, which affects 
large masses and causes more than 5 million deaths, will 
have psychological effects on almost all individuals. In this 
study, we aimed to evaluate the effects of the COVID-19 
process and the measures taken on the fatigue, anxiety and 
depression levels in individuals, and the factors that may 
cause this effect. Approximately three-quarters of the 281 
people who applied to the pandemic outpatient clinic and 
were included in the study stated that they felt physically, 
socially or psychologically tired against the measures taken 
due to the COVID-19 pandemic. In addition, 82.6% of the 
participants were afraid of getting an infection. In the study 
conducted by Morgül et al. in Istanbul with 3672 participants, 
it was found that 64.1% of the participants had psychological 
fatigue (5). In this study, it is thought that the reason for the 
high level of fatigue is that the study was conducted only 
on patients who applied to the pandemic outpatient clinic, 
fatigue was a subjective perception and patients were left to 
their own statements.

At the end of the study, the prevalence of depression was 
found to be 61.6% and the prevalence of anxiety was 31.0% 
in patients who applied to the pandemic outpatient clinic. In 
various studies conducted during the pandemic period, the 
lowest prevalence of depression was found to be between 
19.0% and 57.4% (17-21). During the pandemic period 
worldwide, the prevalence of anxiety was found to be the 
lowest 14.0% and the highest 45.1% (17-21). According to 
the global health estimates published by WHO in 2017, it 
was estimated that the global population diagnosed with 
depression and anxiety levels were 4.4% and 3.6% in 2015, 
respectively (22). These results indicated that the rates 
are higher than the general population (22) both in this 
study and in other studies conducted during the pandemic 
period. This shows that the pandemic period has significant 
effects on people’s mental health. Depression and anxiety 
occur with a complex interaction of social, psychological 
and biological factors. People with adverse living conditions 
(unemployment, age, psychological trauma) are more 
likely to suffer from psychiatric disorders (23). Increasing 

unemployment during the pandemic period, losing relatives 
due to infection, social isolation, fear of death, etc. The 
increase in conditions that predispose to mental diseases can 
be associated with the increase in the prevalence of these 
diseases.

In a study conducted in China, the prevalence of depression 
in urban residents was found to be lower than in rural areas 
(24). Similar results were obtained in our study. It was 
thought that the reason for this was that people experienced 
and accepted the COVID-19 pandemic faster due to the high 
risk of disease and the number of cases in the city center.

According to research by Naragon and Wu, a moderate level 
of anxiety, which is a response to acute stress, is seen as 
beneficial and cause more attention to COVID-19 precautions 
(25,26). Similarly, in this study, participants unafraid of 
contracting COVID-19 infection have a statistically significant 
and lower anxiety score compared to those who are afraid of 
getting caught. A similar significant and lower anxiety score 
was observed when those who do not pay attention to the 
time they spend in the markets, participant think that the 
mask rule is exaggerated compared to those who do not 
think and those who are not tired of washing their hands 
frequently.

Similar to the literature, among the patients included in the 
study; the anxiety scores of those with secondary education 
and below were statistically significant and lower than those 
with high school or higher education (27). It was thought that 
this was due to the fact that individuals with a high level of 
education paid more attention to the scientific and academic 
warnings published about the COVID-19 pandemic and saw 
the COVID-19 infection as a more serious problem.

In the study, the most important independent variables on 
depression were the fear of contracting COVID-19 infection, 
tiring individuals, and the thought of whether this fear could 
be cured by vaccination. On anxiety, these variables were 
the fatigue of individuals by fear of contracting COVID-19 
infection and age. In a study investigating the prevalence of 
anxiety and depression during the COVID-19 pandemic in 
Pakistan, it was reported that the prevalence of anxiety is 
high under the age of 35 (19). Similarly, studies have found 
that fear of being infected is associated with anxiety and 
depression (17,18). The first time individuals encounter a 
situation that threatens public health, such as a pandemic, 
increases the fear of contracting the disease. The inability 
to find a definitive treatment for COVID-19 infection, its 
different course in each individual, and the inability to predict 
the future make this fear permanent and have an impact on 
mental health.

Our study had some limitations. First, due to the cross-
sectional design of the study, the long-term causal 
relationships between various factors associated with 
anxiety and depression could not be evaluated. Second, our 
study findings may not be generalizable to the entire urban 
population of the country, as this study was conducted in 
a specific hospital and a specific outpatient clinic. Third, 
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HADS, which is used to evaluate the prevalence of anxiety 
and depression, is a self-administered screening tool and is 
not used for diagnostic purposes. Therefore, studies using 
diagnostic tools such as the Structured and Clinical Interview 
for DSM or the Mini International Neuropsychiatric Interview 
are recommended to confirm our findings. Despite the above 
limitations, this study provides important data to contribute 
to the literature on the prevalence of anxiety and depression 
during the COVID-19 pandemic and the factors that may be 
associated with it.

5. CONCLUSION

As a result of the research, it was found that the frequency of 
depression and anxiety was high in patients who applied to 
the pandemic outpatient clinic. The prevalence of depression 
was 61.6% and the prevalence of anxiety was 31.0% in 281 
people included in the study. The most important variable 
that affected the anxiety and depression of the participants 
was that the fear of contracting COVID-19 exhausted them. 
Giving detailed, up-to-date and accurate health information 
to individuals with fear and the feeling of fatigue due to it, 
anxiety and depression prevalence, which is higher than 
the literature, and explaining the scope and limitations of 
the measures taken for protection (hand washing, mask, 
distance) can reduce the depression and anxiety levels of the 
pandemic on people. Controlling these levels is important 
in terms of taking individual precautions and awareness of 
the control measures implemented throughout the country. 
Vaccination, which is the most important method in ending 
the pandemic process, may be one of the most important 
factors in reducing the level of depression in humans. As 
a result, a holistic approach to the pandemic should be 
provided, and both the mental and physical health of the 
people should be taken into account.
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ABSTRACT

Objective: In this in vitro study, the effect of three denture cleansers (DCs) after immersion in a chemical solution applied to polyetheretherketone 
(PEEK) and other denture base materials (DBMs) on long-term water sorption and solubility was compared.

Methods: Disk-shaped specimens (50±1.0-mm diameter and 0.5±0.1-mm thickness) were prepared from four DBMs (n=48). All specimens 
were randomly subdivided into four storage media groups (n=12): Corega tablet (CT), Protefix tablet (PT), 1% sodium hypochlorite (NaOCl) 
solution (SH), and control (distilled water, DW). Storage media were renewed thrice a day for 120 days and simulated for 1-year use of overnight 
immersion. Water sorption and solubility (µg/mm3) of DBMs before and after immersion in storage media were examined and obtained data 
were statistically analyzed using a multivariate analysis of variance, followed by multiple comparisons by a posthoc Tukey’s test (p <0.05).

Results: From statistical analysis, the effect of different DCs on the water sorption and solubility of DBMs revealed a statistical difference 
(p<0.05). The PEEK group exhibited a statistical difference in mean water sorption values among all cleanser groups (p<0.05). For the PEEK 
group, a statistical difference was observed in the DW group among SH and CT groups in terms of the mean solubility values (p<0.05), while a 
statistically significant difference was not observed in the PT group among SH and CT groups (p> 0.05).

Conclusion: DCs affect PEEK and other DBMs in terms of water sorption and solubility in the long-term follow-up.

Keywords: Denture base material, denture cleanser, PEEK, solubility, water sorption
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Comparison of the Effect of Denture Cleansers on Long-Term 
Water Sorption and Solubility of Polyetheretherketone with 
other Denture Base Materials

1. INTRODUCTION

Owing to the increase in the life expectancy and number of 
elderly individuals, implant or tooth-supported removable 
prostheses are used in dentistry as an alternative to fixed 
prosthetic restorations (1,2). There is a 13–29% incidence 
in partial or complete removable prostheses among adults 
(2). Polymers such as polymethyl methacrylate (PMMA), 
polyamide, and polyetheretherketone (PEEK) can be used 
in removable prostheses (3,4). Owing to its low density, 
aesthetics, cost-effectiveness, and facile manipulation, 
PMMA has been used in removable prostheses for a long 
time. However, its water sorption, solubility, impact and 
bending strength, residual monomer, and polymerization 
shrinkage still need to be improved (4). On account of 
these disadvantages, high elasticity polyamides have been 
widely used due to their high impact strength, reduction 
of polymerization shrinkage and associated deformation, 
and absence of residual monomers. However, this material 

has been reported to exhibit various issues such as water 
sorption, surface roughness, bacterial contamination, 
discoloration, and difficulty in polishing (5,6).

Biocompatible metals such as cobalt-chromium or titanium 
are preferred framework materials in removable prostheses 
(1). However, even titanium, which is known to be corrosion 
resistant, can compromise their biocompatibility as it causes 
galvanic corrosion with the combination of different metals 
in the oral environment in the case of polymetallism (7-9). In 
addition to the risks of hypersensitivity and corrosion, other 
disadvantages of metal-framework removable prostheses 
include aesthetic problems with a metal appearance, 
adverse tissue reactions, loss of abutment teeth, and biofilm 
production. In addition, it is difficult and expensive to 
produce metal frameworks in removable prostheses by using 
computer-aided design/computer-aided manufacturing 
(CAD-CAM) systems (1,9-11).

https://orcid.org/0000-0002-8744-5592
https://orcid.org/0000-0002-4430-2196
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Owing to the disadvantages of metal frameworks in removable 
prostheses, the development of a high-performance polymer 
was investigated using metal-free materials, such as PEEK, 
for application in removable prostheses (1,10). Compared 
to metal frameworks, polymer-based frameworks exhibit 
advantages such as better aesthetics (translucency and 
color), lower cost, higher elasticity, light-weight nature, lower 
water sorption and solubility, and ease of manufacturing and 
repair (1,6,9-12). Particularly, polymers exhibit significant 
advantages in removable prosthetic treatment due to their 
design control, manufacturing flexibility, and reproducible 
precision potential with CAD-CAM systems. In addition, 
mechanical and physical properties of PEEK are similar to 
those of bone and tooth hard tissues, thereby permitting 
the more stable and atraumatic production of removable 
prostheses. In addition, PEEK polymer is resistant to heat 
and can offer denture  disinfection with autoclave (1,3,10). 
However, additional studies are needed for the application 
of PEEK in removable prostheses.

It is key to ensure prosthetic hygiene and protect the health 
of the oral mucosa of implant or tooth-supported removable 
denture users. Otherwise, oral and systemic infections may 
develop in these individuals (3,13). Hence, complete or 
partial removable dentures should be cleaned regularly and 
efficiently to prevent oral and systemic diseases. Denture 
cleaning with chemical solutions is an important factor 
that contributes to the oral health, prosthesis lifespan, and 
overall quality of patients. Chemical denture cleansers are 
categorized into different groups according to their chemical 
compounds such as alkali peroxides, acids, enzymes, and 
alkali hypochlorites (3,14). Ideally, chemical DCs with different 
contents in the market should be effective for discoloration 
and biofilm production without causing the physical and 
mechanical damage of denture base materials (DBMs) (15). 
In an ideal case, DBMs should contain insoluble components 
and exhibit low water sorption. However, these materials may 
be exposed to saliva, food, water, and cleansers throughout 
their lifetime, leading to water sorption and loss of other 
soluble components. In addition, these factors may affect 
the color stability of DBMs and may not satisfy the aesthetic 
expectation of patients (16).

DBMs have been evaluated in terms of color stability, surface 
roughness, hardness, water sorption, and solubility (3,5,12-
17). However, these studies that compare the effect of 
DCs, PEEK, and other DBMs in terms of water sorption and 
solubility are not available. In only one study, Liebermann et 
al. (17) have evaluated the effect of different aging regimes/
times of sodium chloride, artificial saliva, physiological saliva, 
and distilled water in the range of 1–180 days on different 
CAD/CAM polymers based on PEEK, hybrid and nanohybrid 
composite resins, and PMMA in terms of surface roughness, 
water sorption, solubility, Martens hardness, and indentation 
modulus. In this study, storage media did not exhibit any 
effect on the surface roughness and water sorption, and 
water sorption significantly increased with the storage 
period. In addition, PEEK exhibited the lowest water sorption 
and solubility values.

The aim of this in vitro study was to compare the effect of 
PEEK and other DBMs on water sorption and solubility after 
immersion three cleansers storage media. The null hypothesis 
was that different cleansers will not affect the water sorption 
and solubility of the DBMs.

2. METHODS

In this study, the effect of three DCs on the water sorption and 
solubility of PEEK (PK group), injection-molded polyamide (PA 
group), auto-polymerized (AP group), and heat-polymerized 
resin PMMA (HP group) was examined (Figure 1). Forty-eight 
disc-shaped specimens (50±1.0-mm diameter and 0.5±0.1-
mm thickness) were prepared from each DBM group(n=48) 
according to EN ISO 20795 and randomly subdivided into 
four storage media groups (n=12): Corega tablet (CT), Protefix 
tablet (PT), 1% sodium hypochlorite (NaOCl) solution (SH), 
and control (distilled water, DW). Table 1 lists the material 
type, composition, and manufacturer for the materials and 
solutions used herein.

Figure 1. Denture base material specimens. AP: Auto-polymerized, 
HP: heat-polymerized resin polymethyl methacrylate (PMMA), PA: 
Injection-molded polyamide, PK: Polyetheretherketone (PEEK)

In PA, AP, and HP groups, 144 disc-shaped stainless-steel mold 
specimens (50±1.0-mm diameter and 0.5±0.1-mm thickness) 
were prepared by a CNC device (Takisawa Machine Tool Co., 
Okayama, Japan) for the preparation of DBM specimens. AP 
and HP group specimens were prepared according to the 
manufacturer’s recommendations. Group HP specimens 
were polymerized under pressure in a hot water bath at 
100°C for 20 min.  Group PA specimens were prepared in 
accordance with the manufacturer’s recommendations by 
using a micro-injection molding system at 280°C for 15 min. 
After polymerization, the specimens were stored in distilled 
water at 37°C for 24 h for the elimination of the residual 
monomer. The excess base resin was trimmed using a 
tungsten steel bur using a hand piece at a low speed.

PK specimens were designed in the stereolithography (STL) 
format using AutoCAD software (Autodesk, San Rafael, 
CA, USA). STL files were transferred to a CAD/CAM milling 
machine (Ceramill Motion 2, Amann Girrbach AG, Koblach, 
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Austria), and the specimens were milled from a PEEK dental 

disk (Juvora Dental Disc; Juvora, London, UK).

All specimens were polished using 600-grit, 800-grit, and 

1200-grit waterproof  silicon carbide paper by using a 

polishing device (EcoMet 30; Buehler Ltd., Lake Bluff, IL, 

USA). They were then polished with a high gloss agent (KMG; 

Candulor AG, Zurich, Switzerland). A digital caliper (IP54 

Digital caliper, SHAN, Columbus, OH, USA) was utilized to 

ensure a uniform specimen sizes (50-mm diameter and 0.5-

mm thickness). The specimens were ultrasonically cleaned 

for 10 min and dried with a paper towel. All specimens were 

thermally cycled for 5000 cycles between 5°C and 55°C with 

a 20-s dwell time and a 10-s transfer time from one bath 

to another bath (Thermocycler THE 1100; SD Mechatronik 

Feldkirchen-Westerham, Germany).

After thermal cycling, the same procedure was applied for 

two effervescent cleanser tablets (Corega and Protefix, 

respectively) using cleanser solutions prepared according 

to manufacturer’s recommendations by adding one tablet 

to 200 mL of warm tap water. All specimens were placed in 

storage environments to simulate 8 h of overnight use. The 

solutions were renewed thrice a day, and the specimens were 

washed each time and placed back in the storage media. This 

procedure was repeated for 120 days to simulate 1 year of 

use. All experimental processes were performed by the same 

operator to maintain standardized operations.

Weight measurements were performed using a precision 

scale (XB 220A; Precisa, Zurich, Switzerland) with an accuracy 

of 0.1 mg until a constant mass value was obtained on the 

weight scale screen before immersion and recorded as 

“m1” for each specimen. After 120 days of immersion, the 

specimens were washed with distilled water, gently dried, and 

the second immersion measurements were performed, and 

the weight after water sorption were recorded as “m2.” The 

thickness and diameter of all specimes were measured with 

a digital caliper with an accuracy of 0.01 mm. All specimens 

were dried in a desiccator with silica gel at 37°C for 24 h 

and weighed again (m3). V is the volume of the specimens 

in mm3. The water sorption (Wsp) and solubility (Wsl) values 

obtained in μg/mm3 were calculated for each specimen by 

the following formulas:

Water sorption: (ΔWsp) = (m2 – m1) / V

Solubility: (ΔWsl) = (m3 – m1)/V

2.1. Statistical Analysis

Data were evaluated using a statistical software program 

(IBM SPSS Statistics, v20.0; IBM Corp). Normality analysis 

of the data was performed by the Kolmogorov–Smirnov 

distribution test. Data exhibited a normal distribution. Data 

for water sorption and solubility  values were statistically 

analyzed using a multivariate analysis of variance, followed 

by multiple comparisons by a post-hoc Tukey’s test. The 

statistical significance level was set at 0.05.

3. RESULTS

Tables 1 and 3 list the water sorption and solubility values of 

all DBM specimens in all cleanser baths, respectively (Figure 

2). As a result of the two-way analysis of variance performed 

according to the obtained data, the effect of different 

DCs on the water sorption and solubility of the DBMs was 

statistically significant (p<0.05). For the AP group, there was 

a statistically significant difference in water sorption values 

among DW, CT, and PT groups (p <0.05). For the HP group, a 

statistically significant difference in the mean water sorption 

values among all cleanser groups was observed (p<0.05). For 

the PA group, a statistically significant difference in the mean 

water sorption values between all cleanser groups (p<0.05) 

was observed. For the PK group, a statistically significant 

difference in mean water sorption values between all 

cleanser groups (p<0.05) was observed.

Figure 2. Mean values of water sorption and solubility of the tested 
materials in μg/mm3.

AP and PA groups showed higher mean solubility values in 

cleanser baths. The PK group showed higher mean solubility 

values than the other DBM groups (p<0.05).
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Table 1. Product names, manufacturers, composition properties of 
test materials, and procedures used in this study.

Product Type Manufacturer
SR Triplex 

Hot
Heat-polymerized PMMA Ivoclar Vivadent AG., 

Schaan, Leichenstein
SR Triplex 

Cold
Auto-polymerized PMMA Ivoclar Vivadent AG., 

Schaan, Leichenstein
Deflex Injection molded polyamide Nuxen SRL, Buenos Aires, 

Argentina
PEEK Unfilled PEEK CAD/CAM disc Juvora Dental Disc; Juvora, 

London, UK
Corega Potassium Monopersulfate; 

Sodium Bicarbonate; Sodium 
Lauryl Sulfoacetate; Sodium 

Perborate Monohydrate; 
Sodium Polyphosphate

Stafford-Miller Limited, 
Waterford, Ireland

Protefix Sodium bicarbonate, 
Potassium caroate, Sodium 

perborate, Citric acid, Sodium 
laurylsulfate, Aroma

Queisser Pharma, 
Flensburg, Germany

1% NaOCl Sodium hypochlorite Aklar Kimya, Ankara, Turkey
PMMA: Polymethyl methacrylate, PEEK: Polyetheretherketone, CAD/CAM: 
Computer-aided design/computer-aided manufacturing, NaOCl: Sodium 
hypochlorite.

Table 2. Mean water sorption values(µg/mm3) of all specimens in 
different denture cleansers.

Mean ± SD
Groups DW CT PT SH

AP 26.08±3.12 57.23±4.72A 53.03±4.08AB 26.35±3.20BC

HP 24.74±3.12 42.58±2.74aA 31.70±2.18aAB 47.31±3.13aABC

PA 63.07±5.19ab 85.37±3.93abA 43.49±4.51abAB 52.62±3.14abABC

PK 27.09±1.72c 21.60±2.68abcA 36.36±2.91abcAB 31.23±2.64abcABC

TOTAL 35.24±16.61 51.70±23.71 41.14±8.82 39.38±11.39
SD: Standart Deviation, AP: Auto-polymerized, HP: heat-polymerized resin 
polymethyl methacrylate (PMMA), PA: Injection-molded polyamide, PK: 
Polyetheretherketone (PEEK), CT: Corega tablet, PT: Protefix tablet, SH: 
Sodium hypochlorite (NaOCl) solution, and DW: Distilled water.
Within the same column or row, the same superscripted letters indicate 
significant differences (p< 0.05). a:AP, b: HP, and c:PA. Statistically significant 
differences between denture base material specimens (within the same denture 
cleanser). A:DW, B: CT, and C:PT. Statistically significant differences between 
denture cleansers (within the same denture base material specimens).

Table 3. Mean solubility values (µg/mm3) of all specimens in 
different denture cleansers.

Mean ±SD
Groups DW CT PT SH

AP 9.40±1.70 13.15±2.04A 16.19±2.25AB 9.50±0.97BC

HP 8.45±1.61 8.13±1.42a 10.73±2.38ABa 8.64±0.71C

PA 16.59±3.84ab 10.99±7.53ab 11.64±2.06ab 10.91±6.99ab

PK 8.41±1.69c 6.47±0.83Aabc 7.72±1.10Babc 6.82±0.66Aabc

SD: Standart Deviation, AP: Auto-polymerized, HP: heat-polymerized resin 
polymethyl methacrylate (PMMA), PA: Injection-molded polyamide, PK: 
Polyetheretherketone (PEEK), CT: Corega tablet, PT: Protefix tablet, SH: 
Sodium hypochlorite (NaOCl) solution, and DW: Distilled water.
Within the same column or row, the same superscripted letters indicate 
significant differences (p< 0.05). a:AP, b:HP, and c:PA. Statistically significant 
differences between denture base material specimens (within the same 
denture cleanser). A:DW, B:CT, and C:PT. Statistically significant differences 
between denture cleansers (within the same denture base material specimens).

4. DISCUSSION

In this study, significant differences were observed between 
DBMs in terms of water sorption and solubility after 
immersion in three cleanser solutions. The null hypothesis 
that DCs would have no effect on the water sorption and 
solubility of DBMs was rejected.

Water sorption and solubility, clinically acceptable values 
of DBMs are determined by international specifications. 
The International Organization for Standardization (ISO) 
specification EN ISO 20795 for DBMs proposes the 
calculation of water sorption and solubility in units of μg/
mm3 according to the volume of the specimens (18). In some 
studies, water sorption and solubility values were evaluated 
using the surface area in units of mg/cm2 obtained from 
DBM specimens in specification no.12 in accordance with the 
American Dental Association (ADA) (19). In another method 
suggested by Kazanji and Watkinson (20), it is beneficial to 
determine the long-term water sorption and solubility of 
DBMs in percentages; however, it does not provide complete 
standardization. In this study, the effect of DCs on DBMs was 
evaluated for a long term of 120 days using EN ISO 20795 for 
specimen preparation.

DBMs should ideally contain insoluble components and 
exhibit low water sorption. However, their lifetime exposure 
to factors such as saliva, pH, food, water, and cleanser can lead 
to the loss of water sorption, plasticizers, and other soluble 
ingredients (16). The maximum acceptable ISO standard 
for DBMs is 32 µg/mm3 for water sorption and 1.6 µg/mm3 
for solubility (18). According to the results obtained herein, 
water sorption and solubility values were greater than the 
ISO values in some groups, possibly because 1 year of use of 
overnight immersion coincides with a 120-day cleanser bath.

In this study, the same polishing and smoothing process 
was applied to surfaces of all specimens for standardization 
before the experiment. Bollen et al. (21) have reported that 
the surface roughness of PMMA is affected by polishing 
abrasives used during standardization. As PMMA can 
be easily polished, its initial roughness is less. However, 
polyamides exhibit a fibrous, semi-flexible structure as well 
as low surface hardness (22). Although the Vickers hardness 
number of PEEK and PMMA materials is similar, PEEK exhibits 
a surface topography different from that of PMMA (17). 
Therefore, a different surface polishing procedure may be 
required. In parallel, Kurahashi et al. (23) have reported that 
a clinically acceptable surface roughness can be achieved 
using a soft polishing brush and agent for greater than 3 
min for polishing PEEK. Heimer et al. (24) have evaluated the 
effects of laboratory and chairside polishing methods on the 
surface roughness and surface free energy of PEEK, auto-
polymerized PMMA, and a composite resin and reported 
that compared to laboratory methods, chairside polishing 
methods for PEEK render lower surface roughness values. 
In this study, the same polishing process was applied to all 
DBMs. Unfortunately, there is no completely acceptable 
procedure for polishing PEEK compared to other DBMs.
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Durkan et al. (25) have evaluated the effect of the 20-day 
application of DCs on the surface roughness, hardness, and 
color stability of a butadiene styrene copolymer PMMA, 
heat-polymerized PMMA, and two polyamides (Deflex 
and Valplast, respectively) and reported that polyamides 
significantly affect surface roughness, hardness, and color 
stability after immersion in a cleanser bath. In addition, in 
this study, DC-containing sodium perborate (Corega, Protefix) 
increase the surface roughness of polyamides and PMMA. 
Aging or wear of DBMs depends on several factors such as 
discoloration, water sorption, solubility, surface roughness, 
and hardness. Accordingly, in this study, DCs are thought to 
cause surface roughness in the DBMs with a polished surface 
after 120 days of bath, thereby leading to high water sorption 
and solubility values.

Song et al. (26) have evaluated the physical and mechanical 
properties of four injection-molded DBMs (i.e., polyamide, 
polyester, acrylic resin, and polypropylene, respectively), and 
the water sorption and solubility values of these materials 
were in the range of 6.17–24.38 µg/mm3 and 0.76–3.11 µg/
mm3, respectively. The higher water sorption and solubility 
values in their study compared to this study can be explained 
by measuring M2 and M3 in the long-term. In addition, 
Nguyen et al. (27) have reported that polyamide does not 
reach saturation for 8 weeks and continues to absorb water, 
which is in agreement with result of present study.

Liebermann et al. (17) performed an in vitro study and 
reported that the solubility of PEEK in physiological saliva and 
distilled water is less than those of PMMA and composite 
resin-based materials. In our study, in parallel with the 
results of this study, the solubility values of the PK group in 
distilled water were found to be similar to the HP group. In 
addition, lower solubility values of PK were found in cleanser 
baths compared to other DBMs. In our study, higher water 
sorption and solubility values were observed in comparison 
with those obtained in this study primarily because DCs 
affect surfaces of PEEK and PMMA. The water sorption 
and solubility of dental polymers can cause molecular 
imbalance, which can affect their mechanical properties, 
dimensional stability, and biocompatibility, thereby resulting 
in crack formation and subsequent reduction in mechanical 
properties. water sorption not only affects its physical and 
mechanical properties but also reduces surface hardness 
and elastic modulus (17,28). In this study, the water sorption 
and solubility values of the PEEK group can be attributed 
to the molecular imbalance occurring on the PEEK surface. 
Owing to the lack of studies on the effect of DCs on the 
water sorption and solubility of PEEK, comparison with other 
DBMs for PEEK is difficult. However, the effect of the PEEK 
surface topography on water sorption and solubility should 
be examined in future studies.

Zissis et al. (29) have evaluated the release of residual 
monomers by the gas-liquid chromatography of four 
DBMs (i.e., three heat-polymerized PMMA and one auto-
polymerized PMMA) and one hard liner over 1 week, 12 
months, and 38 months after curing and reported that the 

release of residual monomers in heat-polymerized PMMA 
is less than that in auto-polymerized PMMA. In addition, in 
this study, a statistically significant amount of the residual 
monomer in auto-polymerized PMMA was reported in the 
first 12 months. In particular, 1 week after curing, about 
2.5% of the residual monomer was observed. Several studies 
have reported a relationship between residual monomer 
and water sorption. In the case of a residual monomer, less 
monomer conversion occurs, possibly leading to increased 
water sorption and solubility (30,31). In our study, parallel 
to these studies, a significant difference was observed in the 
water sorption and solubility in the AP group compared to 
the HP group depending on the residual monomer amount in 
chemical cleanser baths.

While DC tablets are a highly recommended hygiene practice 
by dental health professionals, Axe et al. (32) have reported 
that only ~24% of removable prosthesis users utilize this 
approach frequently. In a systematic review, Papadiochou 
et al. (33) have evaluated hygiene practices in removable 
prostheses and reported that brushing the prosthesis is the 
most common cleaning method in removable prostheses 
and that >50% of removable prosthesis users do not remove 
their prosthesis at night. In this study, considering the above-
mentioned oral hygiene habits, the use of DCs and simulating 
an 8-h overnight immersion per day is an ideal practice, but 
it may be partly a limitation of this study in practical terms.

One of the limitations of this study is that the specimens 
were produced and tested under ideal conditions that may 
not reflect actual clinical conditions. Other limitations of this 
study include the inability to completely simulate the oral 
environment, such as temperature, humidity, pH, bacterial 
acids, and denture biofilm, possibly affecting water sorption 
and solubility values. The possible effects of the compounds 
in DCs on PEEK are not completely known. In addition, with 
respect to the PEEK polymer, possible effects of different DCs 
in terms of discoloration, surface roughness, and hardness 
should be examined in future studies.

5. CONCLUSION

Within the limitations of this in vitro study, the following 
conclusions were drawn: The water sorption and solubility 
of DBMs increased due to DCs with different contents 
during long-term follow-up of 120 days. However, future 
experimental and clinical studies that investigate the effect of 
DCs with different contents on the color stability and surface 
topography of PEEK are required to confirm the results of this 
study.
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ABSTRACT

Objective: The resistance of Gram-negative bacteria to antibiotics is a global issue that leads to increased mortality and treatment costs. The 
aim of this study is to see how a newly formed carbapenem control team affected the prevalence of carbapenem-resistant Gram-negative rods 
and antibiotic consumption expenses in 2017 compared to the year before.

Methods: The rate of carbapenem antibiotic usage in Intensive Care Units and Bone Marrow Transplantation services, as well as the findings 
of culture materials obtained from various body parts of the same patients, between January 1, 2016, and December 31, 2017 were assessed.

Results: While there was an ordinary restriction on carbapenem consumption in 2016, carbapenem consumption has been more restricted 
in 2017. The carbapenem-resistant Gram-negative bacteria patterns of culture materials are examined and compared with Defined Daily 
Dose data of carbapenems. After the restriction, a significant decrease in the consumption of carbapenems was detected. The decline in 
carbapenem-resistant Gram-negative bacteria and decreasing antibiotic consumption were found to have a moderately positive correlation 
(r=0.641, p=0.02). A 60.9% decrease was observed in carbapenem costs after carbapenem restriction, on the other hand, an increase in other 
unrestricted antibiotics was apparent.

Conclusion: Antimicrobial restriction policies can help minimize the rate of carbapenem-resistant Gram-negative rods, which is a serious 
problem in healthcare. We demonstrated that a decrease in carbapenem-resistant Gram-negative rods isolation rates can lead to a decrease 
in healthcare-associated infections. Although there is no decrease in the direct antibiotics cost, a drop in carbapenem-resistant may lower 
the expenses of drastic consequences of infections with carbapenem-resistant and its cost. we can conclude that the Antibiotic Control Policy 
should be modified based on this new information.
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1. INTRODUCTION

Antibiotics are among the most important medications 
used in healthcare today, yet their inappropriate usage has 
resulted in major problems such as Antimicrobial Resistance. 
In 2018, Irrational antibiotic use was reported in many 
hospitals, according to a cross-national study that included 
Eastern Europe and Central Asia, with Turkey ranking as one 
of the largest consumers of systemic antimicrobials (1).

The global antibiotic consumption rate is estimated to be 14.3 
defined daily doses (DDD) per 1000 population per day in 2018, a 
46 percent increase from 2000 (2). In 2011, data on antimicrobial 
use in 13 non-European Union countries ranged from 15.3 to 42.3 
defined daily dose/1000 inhabitants per day (DID), including Turkey 
(42.3 DID), with data from Turkey limited to outpatient use (3). A 
recent systematic review that measured the point prevalence and 
inappropriate antibiotic prescription in Turkey highlighted high 
consumption rates and inappropriate antibiotic use over the last 

15 years, necessitating the implementation of strict and effective 
stewardship in all Turkish hospitals (4). Antimicrobial restriction 
policies are intended to reduce morbidity and mortality, as well as 
the expense of treatment, the length of hospitalization, and the 
rate of resistance microorganisms, while also improving quality of 
life (5-6).

Gram-negative rods (GNRs) are among the most frequent causes 
of community-acquired and healthcare-related infections. The 
consumption of antibiotics excessively and unnecessarily came 
along with emerging antimicrobial resistance. Carbapenem group 
antimicrobials are the last resort to treat multidrug-resistant 
(MDR) GNRs until recent years(7). Overuse of carbapenems 
resulted in carbapenem resistance (CR) in Enterobacterales 
especially Klebsiella spp (8, 9). In the last ten years, reports of an 
increase in the incidence of carbapenem-resistant Gram-negative 
rods (CRGNR) infections such as urinary tract, bloodstream, 
and ventilator-associated pneumonia, as well as the rate of 
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colonization with these microbes, have been reported in the 
hospital setting studies (10-12). These infections can be seen as 
sporadic cases or hospital outbreaks. Unfortunately, in addition 
to their higher toxicity, such as nephrotoxicity, the therapy 
choices for infections caused by CRGNRs are severely limited. 
More effective and less toxic agents have been introduced into 
clinical practice in recent years, although widespread use is still 
not available in most countries. Thus controlling the emergence 
and spread of carbapenem resistance and rational use of 
antimicrobials is essential for the prevention of such infections 
and their severe complications(11, 12). In Turkey, the antibiotic 
restriction policy and Rational Drug Use National Action Plan 
were implemented in 2003 and 2014, respectively(13-16). These 
actions resulted in decreasing restricted antibiotic consumption 
by 26.7% while increasing unrestricted antibiotics and decreasing 
the prevalence of extended-spectrum beta-lactamase-producing 
K. pneumoniae (17, 18). GNRs are opportunistic pathogenic 
microorganisms that cause epidemics in hospital settings, 
particularly in ICUs. Inappropriate antibiotic use in hospitals has 
led to the development of resistance to many antibiotics used 
in GNRs. Carbapenem consumption has an important place in 
various resistance mechanisms. This study aims to see how a 
newly formed carbapenem control team affected the prevalence 
of carbapenem-resistant Gram-negative rods and antibiotic 
consumption expenses in 2017 compared to the year before at 
Medipol Mega University Hospital in 2017.

2. METHODS

We planned a quasi-experimental study and aimed to evaluate 
the effect of the newly established carbapenem (imipenem-
cilastatin, meropenem, ertapenem) control team (infectious 
diseases specialist, clinical pharmacist, and infection control 
nurse) on the antibiotic policy of our hospital on the resistance 
pattern of GNRs and costs of total antibiotic consumption. 
Two different annual periods were analyzed. The first one 
was between Jan-Dec 2016 (Group 1) which there was no 
restriction or intervention except standard antibiotic policies 
and the latter was between Jan-Dec 2017 (Group 2) which 
was intervened by the carbapenem control team after training 
healthcare staff in the included departments. The carbapenem 
restriction was made by setting a carbapenem-team approval 
system in the intervention period. Our center is a third-level 
university hospital settled in Istanbul and has 515 beds. All 
ICUs have 104 beds (Adult ICU, Cardiovascular Surgery ICU, 
and neonatal ICU) and bone marrow transplantation units 
have 25 beds (adult and pediatric) all of them were included 
in the study. Coronary ICU was not included because of the 
short hospitalization period and no carbapenem use. The 
study included all hospitalized patients in these departments 
over the specified time periods who were given carbapenems 
and found CR GNRs in their various samples, regardless of 
whether they were infected or colonized. In the event of 
clinical necessity, samples were obtained after consulting 
with an infectious diseases specialist. Patients who have a 
history of prior hospitalization and carbapenem use or were 
found carbapenem-resistant Enterobacteriaceae (CRE) in the 
screening cultures were excluded.

The ethics committee of Medipol University gave their consent 
(NO: 328, Date: 15.09.2017), as well as the institution’s 
permission. All data (culture results, hospitalization days, 
antibiotic consumption amount) was obtained from the 
hospital information system. The unit price of antibiotics was 
calculated based on the Turkish Drug Guidelines list. Antibiotic 
consumption index (ACI) was calculated based on ATC/DDD 
method suggested by World Health Organization (WHO).

With this study, we set out to address three main 
questions: (1) Are the CR GNRs rates going to decrease after 
intervention? (2) Is the consumption of carbapenems going 
to decrease after intervention? (3) Is there any effect of the 
intervention to decrease the consumption of antibiotics 
other than carbapenems?

Descriptive statistics and the compliance of variables to normal 
distribution were examined in the study. Shapiro-Wilk test was 
performed to assess the normality of frequencies. Paired samples 
t-test was used to compare normally distributed data. Spearman 
correlation analysis was used to examine the relationship 
between the resistant number by years and the amount of 
consumption per patient. Mann-Whitney U test was used to 
compare inpatients, patient days, urinary catheter days, ventilator 
days, and central catheter days by years. The chi-square test was 
used to compare qualitative data. Results of quantitative data 
are given in mean ± standard deviation/median (min-max) and 
qualitative data are also presented as frequency and percentage. 
The significance level was set at p<0.05.

3. RESULTS

A total of 1604  samples were taken and cultured within 
both annual periods. A total of 680 CR GNRs were isolated 
eventually. Demographic and descriptive characteristics of 
groups were given in Table 1.

Table 1 Demographic and descriptive characteristics of groups

Group 1 Group 2 Total P
Age 47.5 (12-73) 

[0-98]
53 (23-68) [0-

96]
51 (21-70)

[0-98]
N/A

Gender (M/F) 171/113 
(60/40)

162/99 
(62/38)

333/212 
(61/39)

N/A

Admitted patients 
N (%)

47 (23.5 – 
69.3)

63.5 (20.5 – 
74)

0.6

Hospital-Days 450 (267-540) 452 (251 – 
544.5)

N/A 0.6

Urinary catheter 
days

72 (0-331) 61 (0-341.8) N/A 0.9

Ventilator Days 194 (0-308) 206 (0-355) N/A 0.6
Central Catheter 
Days

221 (152-277) 235 (153-294) N/A 0.5

ACI – Carbapenem 
Class per patient

2239.94 ± 
104.056

853.64 ± 
215.16

N/A <0.00

Data was given in median (IQR) [Min-Max] or N (%) or Mean±SD. Group 
1: Jan-Dec 2016 with no intervention; Group 2: Jan-Dec 2017 after 
intervention; ACI: Antibiotic consumption index
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The most common GNRs found in culture materials taken 
before the intervention was Acinetobacter spp. 149 (96%) 
Klebsiella spp. 151 (48%), Pseudomonas aeruginosa 88 (47%) 
while after intervention it was Acinetobacter spp. 131 (92%), 
Pseudomonas aeruginosa 72 (40%) Klebsiella spp. 56 (25%), 
in order. It was found that GNRs isolation rates (mean ± SE: 
34±3 vs 23±3) after intervention decreased (p= 0.012). The 
number of isolated Gram-negative bacilli was given in Table2.

Table 2 Number of isolated Gram-negative bacilli.

Months

1 2 3 4 5 6 7 8 9 10 11 12 Total

Group 1 36 34 36 46 37 21 47 44 19 26 32 33 411

Acinetobacter 
spp.

10 15 16 10 15 3 19 22 8 9 11 11 149

Enterobacter 
spp

1 3 6 3 2 1 16

Escherichia 
coli

1 1 1 1 4

Klebsiella 
spp.

14 13 13 23 11 12 17 8 7 7 15 11 151

Morganella 
spp.

1 1

Proteus 
mirabillis

1 1 2

Pseudomonas 
aeruginosa

12 5 6 9 5 2 8 13 4 10 6 8 88

Group 2 49 17 10 23 25 15 14 17 19 27 26 27 269

Acinetobacter 
spp.

21 3 4 15 20 9 6 10 8 11 13 11 131

Enterobacter 
spp

1 1 2 1 5

Escherichia 
coli

2 1 1 1 5

Klebsiella 
spp.

15 5 5 4 1 4 3 2 10 4 3 56

Proteus spp 1 1 1 3

Pseudomonas 
aeruginosa

11 7 1 4 5 5 3 4 8 6 4 10 72

Serratia 
marcescens

1 1

Total 85 51 46 69 62 36 61 61 38 53 58 60 680

Different types of samples were evaluated, carbapenem-
resistant GNRs occurrence in blood cultures and 
bronchoalveolar lavage samples were reduced (Table 3). 
Aside from that, there were no significant differences.

While the average amount of expenditure before the 
intervention was 67.927 Turkish Lira (TL), it was 76.554 TL after 
the intervention, with no statistically significant difference 
between the median values (p> 0.05). While the total amount 
of spending before the restriction was 10.089.963 TL, the 
total amount of spending after the restriction was 7.376.913 
TL. Following carbapenem restriction, costs for carbapenem, 
lincosamides, and first-generation cephalosporins decreased 
by 60.9%, 56.3%, and 51.5%, respectively, while costs for 
second-generation cephalosporins, macrolides, penicillin, 
and beta-lactamase inhibitors increased by 61.9%, 52.7%, 
and 48.9%, respectively.

Table 3 Carbapenem resistant Gram negative rods isolated from 
culture materials.

Sample Group
Resistant n 
(%)

Sensitive n 
(%)

Χ2 P

Blood
G 1 108 (58) 117 (52)

16.465 0.001*
G 2 63 (29.2) 153 (70.8)

Abscess
G 1 2 (66.7) 1 (33.3)

- -
G 2 1 (50) 1 (50)

Bronchoalveolar 
lavage

G 1 28 (63.6) 16 (36.4)
7.582 0.006*

G 2 26 (35.6) 47 (64.4)

Sputum
G 1 29 (63) 17 (37)

0.007 0.933
G 2 8 (57.1) 6 (42.9)

CSF
G 1 4 (100) 0

- -
G 2 0 1 (100)

Tissue Biopsy
G 1 4 (44.4) 5 (55.6)

0.525 0.301
G 2 1 (20) 4 (80)

Urine
G 1 27 (26.5) 75 (73.5)

0.183 0.669
G 2 14 (22.2) 49 (77.8)

Catheter tip
G 1 30 (57.7) 22 (42.3)

0.776 0.379
G 2 21 (46.7) 24 (53.3)

E n d o t r a c h e a l 
aspirate

G 1 147 (49) 153 (51)
2.719 0.12

G 2 109 (42.4) 148 (57.6)

Sterile fluid
G 1 14 (50) 14 (50)

1.751 0.186
G 2 11 (30.6) 25 (69.4)

Wound swab
G 1 18 (50) 18 (50)

1.272 0.259
G 2 15 (34.9) 28 (58.2)

The difference in carbapenem class antibiotic consumption 
index (ACI) between the two groups was statistically 
significant (Table 1), and carbapenem class antibiotic 
restriction was moderately correlated with a decrease in CR 
GNR isolation rate (r=0.641, p=0.02).

4. DISCUSSION

Carbapenem class antibiotics are potent options for 
extended-spectrum beta-lactamases. ESBL producing GNRs 
yet increasing carbapenem resistance limits its efficacy in 
daily clinical practice (19). Our findings of frequently isolated 
GNRs were Acinetobacter spp. (96%), Klebsiella spp. (48%) 
and Pseudomonas aeruginosa (47%). This finding is similar 
to what has been found in other ICUs (20-22). The difference 
of means of annual isolated carbapenem-resistant strains in 
the non-carbapenem restricted and carbapenem restricted 
periods was statistically significant in our study. In a 12-year 
study, Ogutlu et al. concluded that intermittent carbapenem 
restriction had a significant impact on carbapenem resistance 
in Acinetobacter spp (23).

Our finding of decreased CR of GNRs isolated in blood and 
bronchoalveolar lavage fluid cultures after restriction of 
carbapenems, is supported by a multi-center study conducted 
between 2001-2005, and published in 2011. Altunsoy et 
al analyzed antimicrobial susceptibility of 14.223 blood 
culture isolates and antibiotic consumption rate. They found 
that carbapenem restriction has a considerable role in the 
reduction of carbapenem-resistant Pseudomonas spp. and 
Acinetobacter spp (24). In our study, carbapenem restriction 
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via an ID approval system resulted in a significant reduction 
in ACI. Similarly, Inan et al. discovered that ID consultation 
improves rational antibacterial selection (25). Another study 
found that analyzing prospective active surveillance data 
before and after antimicrobial use reduced antibiotic use 
and promoted rational antimicrobial use (26). According 
to a Saudi Arabian study, a three-month carbapenem-free 
period reduced Pseudomonas aeruginosa meropenem 
resistance from 74.1 percent to 30 percent and imipenem 
resistance from 76 percent to 38.5 percent (p=0,01) in 
comparison to the previous three months. Therefore this 
research may conclude that, even short-term carbapenem 
restriction periods may interfere with carbapenem resistance 
in Pseudomonas aeruginosa, (PSA) (27). Pakyz et al. studied 
the effects of carbapenem restriction implementation on 
carbapenem-resistant PSA in 22 university hospitals in the 
United States of America. In the study, the period from 2002 
to 2006 was evaluated retrospectively and it was reported 
that significantly less carbapenem was consumed in 8 
hospitals while carbapenem restriction was implemented (p 
= 0.04) and significantly lower isolation rate of carbapenem-
resistant PSA (p = 0.01) (28). As a result, it has been shown 
that carbapenem restriction can reduce carbapenem 
resistance rates in Pseudomonas aeruginosa.

In our study, after carbapenem restriction, 60.9% reduction 
in the cost of carbapenem use, 56.3% in lincosamides, and 
51.5% in 1st generation cephalosporins were observed, yet the 
cost of second-generation cephalosporins 61.9%, macrolides 
52.7%, and Penicillin and beta-lactamase inhibitors increased 
by 48.9%. According to Arda et al., the adoption of an 
antimicrobial approval system resulted in a 19.6% reduction 
in total antibiotic expenditures in the restricted antibiotic 
groups, but an increase in unrestricted antibiotics (18). 
A point prevalence survey conducted by Özgenç et al. in 8 
universities training and research hospitals in the Aegean 
region, found that the rate of rational antibiotic use of 
antibiotics was significantly higher because of the antibiotic 
restriction practices (29). According to all these studies 
conducted in our country, antibiotic consumption rates, 
as well as the expenses of various resistant microbes and 
antibiotic costs, can be lowered when antibiotic restriction 
policies are implemented.

5. CONCLUSION

Antimicrobial restriction policies can help minimize the rate 
of CR GNRs, which is a serious problem in healthcare. We 
demonstrated that a decrease in CR GNRs isolation rates 
can lead to a decrease in healthcare-associated infections. 
Although there is no decrease in the direct antibiotics cost, a 
drop in CR may lower the expenses of drastic consequences 
of infections with CR and its cost. Antimicrobial stewardship 
based on ID consultation, limitation regulations, and local 
epidemiologic data results in reasonable antibiotic usage and 
superior clinical practices.
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ABSTRACT

Objective: This study assessed the opinions and attitudes of dentomaxillofacial (DMF) radiology physicians worldwide about informed consent 
in terms of oral radiology applications.

Methods: DMF radiology physicians in various countries were invited to this study via e-mail. The participants answered their demographic 
information (gender, age, years of experience, title, institution, and country), and questions about informed consent. The Pearson chi-square 
and Fisher’s exact tests were used for statistical analysis

Results: From 22 countries, 46 male (51.7%) and 43 female (48.3%) DMR radiology physicians completed the questionnaire. More than half 
of the participants (53.9%) were working in the university hospital, and the highest number of participants (32.6%) was from the European 
region. Most of the surveyors (70.8%) stated that consent is required in dental radiology. No statistically significant difference was found in the 
radiographic methods (intraoral, panoramic/extraoral, and cone-beam CT) applied in terms of obtaining consent (p > 0.05). While middle-aged 
physicians (30 –45 age) thought that patients should not be informed about the risk of radiation causing cancer, experienced participants (45 
age and above) stated that information should be given about the cancer risk (p < 0.05).

Conclusion: The results of this study showed that most of the DMF radiology physicians stated that they have responsibility for getting informed 
consent and only one-third of the participants inform patients about the risks of radiation.

Keywords: Dental radiology, informed consent, ethics
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Informed Consent in Dentomaxillofacial Radiology: A Cross-
Sectional Study

1. INTRODUCTION

Physicians are responsible for providing all information about 
the risks, benefits and alternative methods of diagnosis and 
treatment procedures to be applied to patients (1). Informed 
consent is the provision of sufficient information to a patient 
to make consciously a choice, the physician to inform the 
patient about the risks and alternative treatments, and the 
patient’s approval or rejection of the medical intervention to 
be applied because of this information (1-3).

Radiographic procedures have an important place in 
diagnosis and treatment planning in dental practice. The 
widespread of medical imaging and the trend of overuse 
with unnecessary reviews that do not provide any health 
benefits seem to confirm the hypothesis that radiological 
research is widely trivialized (4). Legal and ethically valid 
patient consent is required before any patient intervention, 
including diagnostic radiographic procedures (5). In terms 
of radiation dose, risks in dentomaxillofacial (DMF) imaging 
applications are generally lower than in medical applications 
(6). However, patients should be informed about radiology 

practices in dentistry. They should be provided with 
information about why the radiographic examination is 
required, which techniques can be used, the benefits, risks, 
duration, and cost of the technique (3,7). In addition to 
conventional dental imaging such as intraoral and panoramic 
radiography, the patient’s hesitation increases in cone-beam 
CT applications, which have recently become widespread 
and whose radiation dose is higher than conventional 
imaging. The dentists should explain to the patient that there 
is a procedure that will provide much more benefit than the 
minimal biological risk associated with the procedure to be 
performed (8).

To the best of our knowledge, there are published one study 
evaluating the perceptions and attitudes of DMF radiologists 
in Turkey about informed consent (7). This study evaluates 
the opinions and attitudes of DMF radiology physicians 
worldwide about informed consent in terms of oral radiology 
applications.

https://orcid.org/0000-0002-1767-1383
https://orcid.org/0000-0002-8783-802X
https://orcid.org/0000-0002-2650-1458
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2. METHODS

This study protocol was conducted with the principles of the 
Helsinki Declaration. Before the research, ethical approval 
was received from Pamukkale University Ethics Committee 
(No: 60116787-020/37899, Date of approval: 25/06/2020).

2.1. Participants

DMF radiology physicians [research assistants (postgraduate 
education, Ph.D., or specialty education, etc.), specialists, 
and lecturers (professor, associate professor, assistant 
professor)] in various countries were invited to the study via 
e-mail. A link to the online survey website (Google Forms; 
Alphabet Co., Mountain View, CA) where the questions 

were prepared was sent to the surveyors. Participation in 
the survey was voluntary. The surveyors completed their 
demographic information (gender, age, years of experience, 
title, institution, and country), and answered questions about 
informed consent.

2.2. Survey

The questionnaire in this study consisted of the first part with 
demographic data and the second part with 10 questions 
about informed consent. The studies by Kurt et al. (9), Karsli 
et al. (10), and Akay et al. (7) were used in the preparation of 
the survey questions. Questions about informed consent and 
answer options are given in Table 1.

Table 1. Questions and answers directed to the participants

Question no Question Answer no Answer

1
How would you evaluate your knowledge on informed consent? a Sufficient

b Partially sufficient
c Insufficient

2
Is it necessary to obtain informed consent from patients at the dental 
radiology clinic?

a Yes
b No
c Not sure/No idea

3
How do you think informed consent should be? a Written (signed by patient and physician)

b Verbal
c Verbal and written

4
Do you get informed consent from your patients before dental radiography 
at your institution?

a Yes
b No

5

# + In which radiographic methods do you get patient consent? a Intraoral imaging
b Panoramic/Extraoral imaging
c Cone-beam CT

6

# Whom are these informed consent forms given to or explained the 
patients?

a Dentomaxillofacial radiologist
b Radiology technician
c Secretariat/Physician assistant

7
Do you think that every patient or their relatives should be informed about 
the risk of cancer caused by radiation?

a Yes
b No
c Not sure/No idea

8
Are patients or patients’ relatives informed about radiation before the 
procedure in your radiology department?

a Yes
b No
c Not sure

9
Who should provide information about the risk of cancer caused by 
radiation?

a Radiology department staff
b The referring physician

10
Do you think dentomaxillofacial radiologists have the responsibility for 
getting informed consent?

a Yes
b No
c Not sure/No idea

# Answered by the participants who stated that informed consent was obtained from the patients before dental radiography.
+ Participants have marked more than one option
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2.3. Statistical Analysis

As a result of the power analysis performed by considering 
the answer categories of the questionnaire questions and 
the descriptive characteristics of the participants, the sample 
size was determined as 89 for the medium effect size and 
the significance level of 0.05, and the statistical power of 
90%. The measurement reliability of the questionnaire was 
evaluated with Cronbach’s alpha coefficient and the survey 
was reported as reliable (Cronbach’s alpha = 0.71). The 
Pearson chi-square and Fisher’s exact tests were used for data 
analysis. For analysis, SPSS (IBM Corp.; New York, NY) was 
used, and the statistical significance level was determined as 
p < 0.05.

3. RESULTS

From 22 countries, 46 male (51.7%) and 43 female (48.3%) 
dentists completed the survey. Most of the participants 
(46.1%) were in the 31-45 age range, while 36.0% of DMF 
radiology physicians had lower experience (1-8 years). Most 
of the physicians (70.8%) were DMF radiology specialists. 
While more than half of the participants (53.9%) were 
working in the university hospital, the highest number of 
participants (32.6%) was from the European region. Twenty-
seven (30.3%) of DMF radiologists from South America, 
eleven (12.4%) from the Far East and ten (11.2%) from North 
America participated in the survey.

Most of the surveyors (70.8%) stated that obtaining informed 
consent from the patient is necessary at the dental radiology 
clinic. A significant portion of the participants (41.6%) stated 
that they did not obtain informed consent before dental 
radiography procedures in their clinics. The percentage of 
informed consent for cone-beam CT was higher than for 
conventional imaging methods. Half of the participants 
(49.4%) stated that patients should be informed about the 
cancer risk due to radiation. Details of the answers for the 
surveyors are shown in Table 2 (Subtitle of ‘total participants’).

Comparison of views on informed consent by gender, title, 
and institution are shown in Table 2. Male surveyors thought 
that the consent should be written while females stated that 
forms should be both verbal and written (p > 0.05). The effect 
of title on the opinions of radiologists about informed consent 
was found statistically insignificant (p > 0.05). Most of the 
surveyors (55.5%) from the private institutions stated that 
informed consent forms were given by secretariat/physician 
assistants. However, radiologists from the university hospital 
reported that informed consent forms were given by DMF 
radiologists (39.3%) and radiology technicians (35.7%) mostly 
(p < 0.05).

Table 3 shows the comparison of views by age, and experience. 
Most radiologists aged between 30 and 45 (43.9%) felt that 
patients shouldn’t be informed about the risk of cancer. 
Otherwise, most radiologists aged 45 and above (67.5%) felt 
that patients should be informed about the risk of cancer 
(p < 0.05). The surveyors who have experienced 1-8 years 
and 9-20 years had similar opinions about the evaluation 
of their knowledge, sufficient (approx. 50.0%) and partly 
sufficient (approx. 50.0%). However, the fact that most of 
the radiologists with 21 years or more experience (86.2%) 
thought that their knowledge about informed consent was 
sufficient gave a statistically significant result (p < 0.05). 
Most of the radiologists who have experienced 1-8 years 
(72.7%), said that informed consent forms were given by 
secretariat/physician assistants. However, radiologists who 
have experienced 21 years and above reported that informed 
consent forms were given by DMF radiologists (38.9%) and 
radiology technicians (44.4%) mostly (p < 0.05).

While the South Americans radiologists stated that the 
written consent form would be sufficient, the Europeans 
and Far Easterners stated that it should be both written and 
verbal. Details are shown in Table 4.
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4. DISCUSSION

For a patient referred for radiological imaging, obligations 
such as non-maleficence and the benefits of the procedure 
occur. While acknowledging that ionizing radiation can 
cause harm, it should provide diagnostic benefits to the 
patient (11). The risk of dental imaging is lower than medical 
imaging (6). However, information should be given to 
patients about radiological applications. Furthermore, with 
active information, patients also provide the authority to 
oversee their health care (12). There is no obvious consensus 
on whether to obtain informed consent or which consent 
should be obtained from patients exposed to ionizing 
radiation during radiological examinations (4). The failure 
to obtain proper informed consent is medical malpractice. 
This process should provide enough complete information 
to allow the patient to understand the consequences of 
the decision and to allow the patient to make an informed 
decision (1). In this context, it should be presented to 
patient information about why the application of imaging 
is necessary, which techniques can be used, the benefits, 
risks, cost, and duration of the techniques. Consent is an 
effective and mutual communication method between the 
patient and the physicians. Both verbal and written consent 
accepted express consent forms (13). It is a general legal 
and ethical principle to obtain valid consent before starting 
a treatment or physically examining a patient or conducting 
research involving human participants (2). Lee et al. (14) 
reported that only 7% of the patients were informed 
about the risks of computed tomography scans. The main 
purpose of the current study was to obtain the opinions 
of DMF radiologists in dental radiology practices regarding 
informed consent. In this study, 70.8% of the participants 
were required informed consent in dental radiological 
procedures, while 19.1% of the participants stated that it 
was not necessary.

To inform the patient, the dentist must accurately explain to 
the patient the diagnosis of the problem, the proposed way 
of treating or managing it with other probable approaches 
(including no management), and the risks/benefits (8). 
Radiographic examinations should be performed after 
reviewing the patients’ medical and dental histories and a 
detailed clinical examination. There is a justification principle 
in the choice of radiographic method. Radiography is 
performed when the expected diagnostic benefit outweighs 
the biological risk of exposure to ionizing radiation (8). In 
Europe, the Euratom law emphasizes the necessity to justify 
the need for a radiological examination before a patient is 
referred to a radiologist (12).

In radiology practice, obtaining mandatory written informed 
consent from patients in every medical imaging procedure 
(using ionizing radiation) may cause some problems. These 
problems are the following; unnecessary anxiety in patients 
especially after being informed, the refusal of patients to 
radiological procedures required for individuals (12). There 
is often a limited patient-physician (radiologist) relationship 
in radiology clinics (15). Semelka et al. (12) argue that 

informed consent should be required for procedures with 
higher radiation exposure. They suggested the necessity of 
this approval for procedures containing high dose radiation, 
especially those containing 1 mSv and above, such as CT, 
positron emission tomography, and fluoroscopy (12). In the 
literature, the application of “informed consent” in dental 
radiology procedures can be considered “implied consent” 
has been reported. It is argued that the patient’s obligation to 
inform is not lifted with implied consent, but in interventions 
involving low risks, the illumination can be too narrow or 
even neglected (3). The results of this study showed that a 
significant portion of the participants (41.6%) did not obtain 
informed consent before dental radiography procedures in 
their clinics. Approximately one-quarter of the DMF radiology 
specialists reported that they obtained consent from patients 
before intraoral radiography applications, 31.6% before 
panoramic radiography/extraoral radiography procedures, 
and 39.2% before cone-beam CT scans.

It is the responsibility of physicians to provide all 
information about the risks, benefits, and alternatives of 
applications to be made in the decision-making process of 
patients (1). Previous studies showed that the awareness of 
physicians is insufficient for the doses and risks of radiation 
(16). In a study about informing the patients about the 
risks and benefits of radiological examinations, the authors 
reported that physicians requesting radiography did not 
have sufficient information about the radiation dose 
(15). Written or verbal information given to the patient 
may vary depending and the dose and the risk (12). In a 
previous study, Wright (6) emphasized the requirement for 
the physician requesting radiography to explain the risks 
of radiation doses in panoramic radiography and cone-
beam CT examinations, as well as the necessity to inform 
the patient about the radiologic risks for the physicians 
who keep cone-beam CT or panoramic radiographs in their 
facilities.

To the best of our knowledge, there is a published study 
evaluating the knowledge and awareness of DMF radiologists 
regarding informed consent in dental radiology practices. In 
the study conducted in Turkey, it was reported that most 
participants did not inform patients about radiation (7). In 
radiography implementations, three different professional 
roles are usually played by the physician who makes the 
request, the radiologist, and the radiology technician. 
Considering the involvement of both referring physicians and 
radiology staff (radiologists and technicians) in the medical 
imaging procedure, the question arises of who should 
explain the risk of ionizing radiation (11). However, it has 
been reported that the informed consent process for medical 
imaging examinations containing ionizing radiation should 
start with the referring physician and that explanation support 
should be provided by the radiologist (17). In our study, 
while most participants (64.0%) stated that the radiology 
personnel should provide information to the patient about 
the radiation risk, 36.0% of the participants reported that 
referring physicians should make an explanation.
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Consent is an effective and mutual communication method 
between the patient and the physician (13). Three methods 
are generally used to obtain consent from patients: implied 
consent, verbal consent, written consent (2,3). Both verbal 
and written consent is express consent forms (13). Generally, 
obtaining written informed consent applies to all invasive 
procedures and all applications that fall within the patient’s 
physical space. The most common applications of obtaining 
written consent in radiology are mostly before interventional 
radiology procedures (12). The fact that the informed consent 
form was signed by both the physician and the patient does 
not indicate that the physician alone fulfills the ethical/legal 
responsibilities (9). In our study, approximately half of the 
participants (51.7%) stated that the informed consent form 
should be in a written (signed by patient and physician) form 
from the patients, and 41.6% of them said that it should be 
both written and verbal.

5. CONCLUSIONS

The results of this study showed that most of the DMF 
radiology physicians said that they have responsibility for 
getting informed consent. However, a significant portion of 
the participants stated that they did not obtain informed 
consent before dental radiography procedures in their 
clinics. It was found that only one-third of the participants 
inform patients about the radiation risks. Further studies can 
be conducted to compare the views and attitudes of DMF 
radiologists and medical radiologists by increasing the sample 
size regarding informed consent in radiology. In addition, the 
results of this study showed that it is necessary to focus on 
continuing education on this subject.
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ABSTRACT

Objective: This study aims to reveal the effects of cyanoacrylate application at the recipient bed and the donor site in free gingival graft surgery 
on graft dimensions, clinical healing parameters and patient-based outcomes.

Methods: Free gingival graft operations were conducted on individuals who were randomly assigned to control or test groups. In the test group, 
the graft was stabilized and the donor site was coated with cyanoacrylate. In the control group, 6/0 polyvinylidene fluoride sutures were used 
for stabilization, while the donor site was left untreated. Variables including re-epithelization, post-operative complications, pain, bleeding and 
quality of life at recipient site, and color match, graft dimensions at donor site were assessed for up to 6 months.

Results: Twenty-three individuals completed the study. No differences were observed in any variable between groups except horizontal 
dimension loss of the graft, which was more abundant in the cyanoacrylate group at six months (p>0.05, p<0.05; respectively).

Conclusion: According to our results, cyanoacrylate can be used safely for free gingival graft surgery, but does not surpass conventional suturing 
with polyvinylidene fluoride.

Keywords: Cyanoacrylates, sutures, tissue grafts, patient comfort
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The Effects of  Cyanoacrylate  on Clinical Healing and Self-
Reported Outcomes Following Free Gingival Graft Surgery: A 
Randomized Clinical Study 

1. INTRODUCTION

Although debatable, the presence of an ‘adequate’ band of 
keratinized mucosa, is thought to enhance the integrity of 
the periodontium, and to provide sufficient biofilm control 
(1). Hence, in cases where a lack of gingiva hinders oral 
hygiene practice in the region or elicits pain in chewing, 
soft tissue augmentation can be implemented. Free gingival 
grafts (FGGs) are widely preferred for augmentation since 
the procedure ensures predictable results (2). FGG was first 
described by Björn in 1963 while Sullivan and Atkins (1968) 
helped the technique to become widespread by stating 
the details and the major principles of the surgery and the 
expected wound healing (3). The graft is generally harvested 
from the palatal mucosa, which provides sufficient tissue and 
allows easy access for the surgeon. Although it is a relatively 
safe and secure procedure, secondary healing of the donor 
site may cause some complications such as bleeding, tissue 
necrosis, delayed wound healing, post-operative pain and 
loss of sensation. Hence, researchers focus on minimizing 
these complications, eventually to increase patient comfort 
and enhance the success of the surgery (4,5).

Cyanoacrylates (CAs) are widely used in medicine as tissue 
adhesives. Comprehensive hemostatic, bacteriostatic and 
bactericidal effects can attach tissues firmly and presumably 
allow healing with less scar formation (6,7). The monomer 
form of CA is liquid, but it starts to polymerize the moment 
it contacts body fluids, gaining imminent adhesive properties 
which allow easy application of the material (8). By 
considering these features, surgeons can save time and effort 
with CA when compared to conventional wound closure. In 
particular, in situations where classical suturing techniques 
are insufficient to ensure tissue integrity and haemostasia, 
the use of CA can be very beneficial. CA can also arguably act 
as a mechanical barrier and accelerate wound healing and 
epithelial keratinization (9). This may theoretically enhance 
healing and eventually help patients to go through a more 
comfortable post-operative period.

Oral health-related quality of life is a patient-based measure, 
exemplifying the impact of oral status on an individual’s life 
quality (10). It is an acknowledged indicator of therapeutical 
need and treatment outcomes (11), whereas patient-based 
results do not always conform to clinical conclusions. The aim 
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of the study is to compare n-butyl-cyanoacrylate use in free 
gingival graft to conventional suturing with polyvinylidene 
fluoride regarding clinical healing parameters and self-
reported outcomes following surgery.

2. METHODS

The study’s accordance to the ethical guidelines of Helsinki 
Declaration was approved by the Clinical Research Ethics 
Committee of Istanbul Biruni University 2015-KAEK-43-18-
01. The study was retrospectively registered in ClinicalTrials.
gov (NCT04854902).

Sample size was calculated with G*Power 3: two-tail; α=0.05; 
power (1-β)=0.8. Required size of n=11 for each group was 
determined with the actual power of 0.815. Twenty-three 
systemically healthy, non-smoking volunteers over 18 years 
of age, lacking keratinized mucosa in the mandibular anterior 
region (width ≤ 1mm) with progressive gingival recession 
and/or discomfort in chewing or with oral hygiene practice, 
were recruited in Biruni University, Faculty of Dentistry, 
Turkey between September 2018 and June 2020. Pregnant or 
lactating patients, and patients on medication were excluded. 
Prior to enrolment, informed consent was obtained from the 
participants.

The participants were added to the cyanoacrylate group 
(CA) or to the suture group (S), based on computer-aided 
randomization. The surgery and 3rd day evaluation of the 
donor site were conducted by the same clinician (MY), while 
the rest of the evaluations were performed by another 
examiner (BK). Patient follow-up was performed for 6 months 
after surgery.

2.1. Parameters

Donor site assessment:

Initial mucosal thickness: The mucosal thickness of the donor 
area was evaluated under local anesthesia at the beginning 
of surgery. The measurement was conducted with the help of 
a 15 endodontic reamer which was inserted into the palatal 
mucosa 5 mm apical of the gingival margin of the second 
premolar and read with an electronic caliper.

Re-epithelization: The donor site was evaluated at first, 
second – and third-week intervals following the operation. 
The completion of epithelization was visually controlled and 
recorded dichotomously. Hydrogen-peroxide was applied 
to the donor area with the help of an injector, and it was 
accepted as complete when no foaming occurred.

Donor site complications: Complications such as pus 
formation or necrosis in the donor site were recorded on the 
third day, and at one and two weeks following the operation.

Paresthesia / hyperesthesia in the donor area: At one month 
control, the donor site was gently rubbed with the help of a 
periodontal probe, and the patients were asked to point out 
any difference between the symmetrical reference areas on 
either side, where the probe was first applied.

Self-reported outcomes:

Pain: The patients were asked to evaluate the level of pain 
they felt and accordingly mark a visual analogue scale (VAS), 
which ranged from 0 (no pain) to 10 (unbearable), at weekly 
intervals within the first four weeks following surgery. The 
number of painkiller intake was recorded.

Post-operative comfort and quality of life: The patients were 
asked to fill in Oral Health Impact Profile (OHIP-14) forms at 
baseline, 3 days, and 1 and 4 weeks (12).

Secondary bleeding: The patients were asked to report any 
excessive bleeding following surgery.

The evaluation of the graft

Graft dimensions: Mesio-distal (horizontal) and apico-
coronal (vertical) width of the graft was measured using a 
Williams periodontal probe (Hu Friedy), at 1, 3 and 6 months. 
Measurements were rounded to the closest mm.

Color match: The color harmony of the graft with neighboring 
keratinized mucosa was evaluated on a scale ranging from 0 
(no color match) to 10 (excellent color match).

2.2. Procedure

Dental prophylaxis, oral hygiene training and motivation, 
and, if necessary, occlusal rehabilitation were performed 
before the surgical procedure. The surgery was conducted 
under local anesthesia (Ultracain D-S, Sanofi Aventis) with 
two identical 15C surgical blades, each used separately for 
recipient bed preparation and for harvesting.

At the mucogingival junction in the recipient site, an initial 
horizontal incision was performed. A split-thickness flap was 
prepared and extended apically until a sufficient area (~7x13 
mm) was procured. Immobile connective tissue/periosteum 
was left on the recipient bed where remaining muscles and 
loose connective tissue were excised. A 5x10 mm graft was 
harvested from the hard palate with the guide of a sterile 
aluminum foil, between the first premolar and the first 
molars, leaving 2 mm of safety distance with the gingival 
margins of adjacent teeth. Adipose tissues and irregularities 
were removed, paying attention to keeping the thickness at 
~1.5 mm and the graft size as planned. Immediately after, 
wet gauze pressure was applied for 5 minutes to control 
hemorrhage in the donor site.

In the control group, the coronal part of the graft was 
sutured to the recipient bed with 6/0 polyvinylidene fluoride 
(PVDF; Trofilen, Dogsan), and a horizontal matrix suture was 
placed as specified by Holbrook & Ochsenbein (13). In the 
test group, cyanoacrylate (Indermil, Connexicon Medical) 
was applied only to the coronal and lateral edges of the graft 
for stabilization (14). Thereafter, in both groups, 5 minutes 
of gauze pressure was applied to minimize granulation tissue 
formation and to increase the surface contact between the 
graft and the underlying connective tissue. The donor site 
was left untreated in the control group, while in the test 
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group a thin layer of cyanoacrylate was applied as a dressing, 
fully covering the wound.

Chlorhexidine digluconate (0.12%) mouthwash (Klorhex, 
Drogsan) was prescribed for use two times per day for two 
weeks. Flurbiprofen tablets (Majezik, Sanovel Pharmaceutical) 
were prescribed, and the patients were warned to note 
how many pills they took during the following time period. 
The participants were asked not to perform oral hygiene 
practice in the operation area for two weeks, and a soft-diet 
was recommended. Sutures were removed and the surgical 
sites were washed with saline at the end of the first post-
operative week. The final evaluation of the graft dimensions 
was conducted at post-operative 6 months.

2.3. Statistical Evaluation

The Statistical Package for the Social Sciences (SPSS 21, 
Inc., Chicago, IL, USA) was used for statistical analysis. First, 
descriptive statistics for each variable were calculated. Prior 
to hypothesis testing, data were examined via the Shapiro-
Wilk test for normality and the Levene test for homogeneity 
of variances according to parametric test assumptions. The 
Mann-Whitney U-Test was conducted to test the difference 
between the study groups and data violating the assumptions 
associated with parametric distribution, while the Student’s 
t-Test for Independent Samples was used for the data 
meeting the assumptions. The Freidman test was applied to 
examine gradual changes in the measurements over time. 

The Dunn multiple comparisons test was used for post-hoc 
testing procedure. The Spearman correlation coefficient was 
performed to examine the relationship between variables. 
P<0.05 was considered as statistically significant.

3. RESULTS

28 individuals were recruited, while one patient was excluded 
during the recall sessions due to SARS-CoV-2 infection. 13 
patients in CA (mean age 44 ± 9.31; 13 females) and 14 
patients in S (mean age 33.36 ± 7.92; 9 females, 5 males) – a 
total of 27 patients (mean age 38.48 ± 10.04; 22 females, 5 
males) – completed the study.

None of the patients reported any excessive post-operative 
bleeding. No sign of necrosis or infection was seen in the 
surgical areas in any timeframe.

Post-operative pain scores (VAS) in the first week were found 
to be highest, while they decreased gradually thereafter in 
both groups, with no statistically significant difference at any 
time point (p>0.05) (Table 1). Two patients reported ongoing 
slight pain at the fourth week. The number of painkillers used 
in the first post-operative week was also similar in both groups 
(CA: 3.85 ± 3.58; S: 3.93 ± 3.83; p>0.05), while all the patients, 
without any exceptions, reported that they had stopped taking 
painkillers following the first week. There was a negative and 
moderately significant correlation between mucosal thickness 
and pain scores in the first week (r= 0.429, p<0.05).

Table 1. Pain (VAS) and OHIP-14 scores over time

 VAS 
(Mean ± SD)

OHIP-14 
(Mean ± SD)

Cyanoacrylate Control P-value Cyanoacrylate Control P-value
Baseline - - - 3.77 ± 4.8 b 5.79 ± 7.01 ab 0.28
3rd day - - - 5 ± 4.76 b 8.5 ± 7.84 ab 0.18
1st week 2.54 ± 3.45 a 2.64 ± 2.31a 0.375 4.15 ± 4.51 ab 8.14 ± 7.03 a 0.105
2nd week 1.23 ± 2.42 ab 0.71 ± 0.99b 0.867 - - -
3rd week 0 ± 0 b 0.21 ± 0.43 b 0.35 - - -
4th week 0.15 ± 0.55 ab 0.14 ± 0.36 b 0.83 1.08 ± 2.22 a 4.14 ± 7.95 b 0.325
P-value* 0.001 <0.001 0.007 0.016

VAS: Visual analogue scale scores; OHIP-14: oral health impact profile-14. SD: standard deviation. a, b: Values in the same column with different superscripts 
represent statistical differences at investigated timeframes in each individual group. P-value*: The significance of the differences between recall sessions in 
each group. P-value: The significance of the difference between groups

Table 2. The graft dimensions

Graft dimensions 
(Mean ± SD; mm)
Horizontal dimension

P-value
Vertical dimension

P-value
Cyanoacrylate Control Cyanoacrylate Control

Baseline 10 ± 0 a 10 ± 0 a 5 ± 0 a 5 ± 0 a

1st month 9.38 ± 0.87 ab 9.64 ± 0.93 ab 0.375 4.69 ± 0.63 ab 4.57 ± 0.51 ab 0.488
3rd month 8.85 ± 1.21 bc 9.36 ± 1.08 bc 0.239 4.46 ± 0.66 ab  4.36 ± 0.5 b 0.583
6th month 8.15 ± 1.34 c 9.29 ± 1.27 c 0.017 4.38 ± 0.65 b  4.36 ± 0.5 b 0.83
P-value* <0.001 0.004 0.002  <0.001

SD: standard deviation. a, b: Values in the same column with different superscripts represent statistical differences at investigated timeframes in each 
individual group. P-value*: The significance of the differences between recall sessions in each group; P-value: The significance of the difference between 
groups
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OHIP-14 scores of CA and control also did not show any 
statistically significant difference with each other at any time 
point, with a decrease in both groups at the end of the first 
month relative to pre-operative values (p>0.05) (Table 1). This 
decrease was statistically significant only in the cyanoacrylate 
group (p<0.05). There was no loss of sensation in the donor 
sites of the subjects at the first month recall.

The mean mucosa thickness of the CA group was found to 
be 3.9 mm ± 0.91 mm, while that of the S was 4.05 mm ± 
0.92 mm (p> 0.05). Epithelization of the donor site was not 
completed in any patient in either group in the first post-
operative week. At the second week recall, four patients 
(30.8%) in the cyanoacrylate group and three patients 
(21.4%) in the control group showed no more foaming at 
the site, whereas at the third week the remaining subjects 
finished re-epithelization. Mean donor site tactile scores 
evaluating paresthesia at the first month were 9.85 ± 0.55 in 
cyanoacrylate and 9.21 ± 1.81 in the suture group (p>0.05).

In both study groups, a statistically significant decrease in 
vertical and horizontal dimensions occurred (CA: 36 ± 8.25 
mm2; S: 40.64 ± 8.09 mm2) whereas only at the 6th month 
was the change in horizontal dimensions of the control 
significantly less than CA (p<0.05) (Table 2). No significant 
difference was found between the groups in any time period 
evaluated in terms of color harmony (p>0.05) (Table 3).

Table 3. Color harmony of the graft with the neighboring keratinized 
tissue at the recipient site

Color harmony 
(Mean ± SD)

Cyanoacrylate Control P-value
1st week 4.92 ± 2,18 b 5.21 ± 1,48 b 0.867
2nd week 6.15 ± 1,14 ab 6.21 ± 1,31 a 0.905
1st month 6.62 ± 0,77 a 6.14 ± 1,03 a 0.185
3rd month 6.31 ± 1,03 ab 5.86 ± 0,86 ab 0.169
6th month 6.15 ± 0,9 ab 5.71 ± 0,91 ab 0.116
P-value* 0.015 0.006

SD: standard deviation. a, b: Values in the same column with different 
superscripts represent statistical differences at investigated timeframes in 
each individual group. P-value*: The significance of the difference between 
recall sessions in each group; P-value: The significance of the difference 
between study groups

4. DISCUSSION

Suturing is considered to be effective in wound closure, but 
it can be time consuming. In addition, suture removal can 
provoke anxiety and pain in many patients. Cyanoacrylates 
can be used as an alternative with the advantages of fast 
and easy application, and of their hemostatic, bacteriostatic 
and bactericidal features (15). There are various forms of 
CA, based on the length and complexity of the chains (16). 
N-Butyl-2-Cyanoacrylate has been reported not to cause any 
immediate or long-term systemic harm, hence is deemed 
safe and suitable for oral surgery (17).

This study was designed to compare the clinical and patient-
based results of cyanoacrylate and conventional closure 
with PVDF in FGG surgery, evaluating pain, quality of life, 
graft dimensions, re-epithelization and post-operative 
complications. These parameters were investigated all 
together, since they are all interrelated. Psychosocial factors 
are known to have an impact on wound healing and pain, 
while concurrent periodontal treatment may affect the 
quality of life (18). Hence, life quality was the major variable 
of the planned study, yet relatively low OHIP-14 scores 
were detected in both groups, at all sessions. This indicates 
that neither of the techniques drastically affect life quality. 
Hence, the post-operative period of both can be considered 
comfortable, while healing parameters come to prominence 
when considering which technique to apply.

Although limited in number, available studies investigating 
cyanoacrylate in palatal wound coverage reported less post-
operative pain and less painkiller intake as a result (19,20). 
Tavelli and colleagues reported that only suturing the palatal 
site caused significantly more pain (19). Accordingly, palatal 
application of cyanoacrylate appears to result in better 
outcomes in this regard. They proposed that coating the 
wound with a gelatin sponge combined with cyanoacrylate 
constitutes the best option in reducing post-operative pain 
and discomfort. Stavropoulou et al. (5), on the other hand, 
reported no statistically significant difference in pain when 
comparing cyanoacrylate with 6-0 polytetrafluoroethylene 
(PTFE) sutures in the donor site of subepithelial connective 
tissue grafts. This can be related to the suture material 
used in their study inducing low inflammatory response. 
We left the donor site untreated in the control group, in 
order not to provoke more redundant inflammation, which 
possibly affected our results. We cannot be precisely sure of 
this because there are two separate surgical sites with the 
potential to elicit pain, and this can be considered a limitation 
of our study. Nevertheless, no difference was noticed between 
the groups regarding pain perception following surgery. This 
may also be due to the suture material (PVDF) used in our 
study, which shows relatively less plaque accumulation and 
bacterial contamination, procuring minimal inflammatory 
response (21, 22).

Immobility is particularly important during the healing of free 
gingival graft, while it ensures the nourishment and survival 
of the graft without hindrance (3). Assuming that it can be 
achieved with both sutures and adhesives (15), the severity 
of inflammatory response can be indicative in recovery 
performance. Suture materials can cause inflammation and 
foreign body reaction in the oral mucosa (23). Meanwhile, 
dental biofilm and debris accumulation in the surgical area 
and on the suture thread can adversely influence healing 
(21). As stated above, N-Butyl-2-Cyanoacrylate has been 
shown to have bacteriostatic and bactericidal effects. 
However, the data in the available literature regarding the 
effects of cyanoacrylates in oral surgery are contradictory. 
Some researchers reported an increase in inflammatory 
biomarker levels following cyanoacrylate use when compared 
to various suture materials such as poliglecaprone, silk, 
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and polyglactin, eventually causing poor recovery (24). 
On the contrary, according to a study evaluating its use in 
flap surgery, cyanoacrylate resulted in less inflammatory 
response and enhanced clinical and histological healing when 
compared to silk sutures (25). It has also been speculated 
that cyanoacrylate promotes haemostasia and rapid clinical 
re-epithelialization and resolution of inflammation (26,27). 
Yet, according to the results of another study, it does not 
seem to accelerate epithelization (24). These conflicting 
results substantiate the need of further research regarding 
cyanoacrylate use in periodontal surgery.

In this study, no impact of cyanoacrylate on the re-
epithelization rate of the donor site was observed. In a 
study comparing the effects of platelet-rich fibrin and butyl-
cyanoacrylate on palatal wound healing, no significant 
difference between cyanoacrylate (26.1%) and open wound 
(12.2%) groups was detected in the second week (20). 
Similar results for complete epithelization were observed in 
our study (CA: 30.8%; S: 21.4%) in the second week recalls, 
demonstrating no significant difference.

According to our results, free gingival graft shrinks gradually 
with time compared to baseline, but this decrease became 
statistically significant only at 3 months in both study groups. 
We observed relatively more reduction in the horizontal 
dimension at 6 months in the cyanoacrylate group. This 
can be related to the greater horizontal dimension of the 
graft, expressing the difference between the groups more 
significantly. Similarly, prior publications disclosed much more 
abundant dimension loss in width than length, which can be 
due to recipient bed treat or other yet unknown factors (28, 
29). There are two prior publications evaluating the effects of 
cyanoacrylate use on graft shrinkage, with conflicting results: 
in one study comparing cyanoacrylate with 7-0 propylene 
and 5-0 propylene sutures, the researchers observed a 
decrease in graft size in all groups, while cyanoacrylate 
showed significantly less shrinkage in all control sessions 
(14). In addition, they reported less pain with cyanoacrylate. 
On the other hand, Barbosa et al. stated that the use of 
cyanoacrylate, when compared to conventional suturing, did 
not differ in regard to graft shrinkage, concluding that it has 
no impact on healing (28). Our results are not compatible 
with either study, suggesting a greater decrease of width in 
the cyanoacrylate group. The horizontal matrix suture used 
in our control group to stabilize the graft more stringently 
might have had an impact on this result, but that is yet to be 
proven. This is more likely due to differences in study design 
and measurement tools, suggesting that further standardized 
studies be conducted.

Another finding of our study concerns the proportionally 
decreasing pain scores with palatal mucosa thickness. 
Burkhardt et al. reported that thicker mucosa reduced 
pain, which is in accordance with our results (30). In line 
with this finding, further studies can be conducted in which 
study groups are formed according to palatal thickness and 
donor site treatment. Although our data did not indicate 
any statistically significant effect of gender and age, another 

limitation of our study is the confined number of subjects, 
particularly regarding distribution. Another limitation 
of our study is that the color match and graft size were 
evaluated conventionally, whereas the digital methods can 
provide objective and consistent results comparing surgical 
approaches, regarding particularly graft dimensions (31). 
However, VAS scoring of color match by blinded examiners 
and measuring graft dimensions with the help of a periodontal 
probe, the methods applied in our study are commonly used 
in similar study designs (32, 33).

5. CONCLUSIONS

Within the limitations of our study, it can be concluded that 
cyanoacrylate use in free gingival graft does not outperform 
conventional suturing with PVDF with regard to healing 
outcomes and post-operative pain or life quality. Thus, 
both materials can be used in free gingival graft operations 
without any significant superiority to each other. Consecutive 
research conducted in larger populations and comparing 
different cyanoacrylate forms and suture materials could be 
beneficial.
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ABSTRACT

Objective: Concerns regarding the high-level risk of infection among healthcare workers (HCWs) increased after COVID19 was declared as 
a pandemic in March 2020. Inadequate infection control owing to a shortage of personal protective equipment or an inconvenient usage 
of infection control measures may play a significant role in transmission to/among healthcare personnel. The study aimed to determine the 
characteristics and outcomes of COVID-19 patients who are healthcare workers along with possible transmission routes of COVID-19 in four 
different healthcare facilities in Istanbul.

Methods: All hospital records were reviewed retrospectively. Demographic and clinical characteristics of HCWs were documented, and all 
infected HCWs were subjected to a phone-based mini-questionnaire and three-dimensional test (TDT). All statistical analyses were done using 
statistical packages SPSS Demo Ver 22 (SPSS Inc. Chicago, IL, USA).

Results: Clinical features of COVID-19 were similar to the general public’s characteristics. The most frequent symptoms were cough, fever, and 
headache. HCWs with the O blood group tend to have asymptomatic COVID-19 infection. Hospital workers other than medical professionals 
have a lack of convenience of infection control measures. The median duration of PCR negativity was 9 days. HCWs who had a sore throat at the 
beginning of COVID-19 have a longer PCR-positive duration.

Conclusion: Understanding the clinical features or characteristics of asymptomatic COVID-19 carriers may aid in the implementation of a 
feasible screening program for early detection. It is strongly advised that proper infection control precautions, education, and auditing of 
nonclinical staff be implemented. As a result, transmission among healthcare workers can be avoided.

Keywords: COVID-19, healthcare workers, infection control, asymptomatic, Household contact.
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A Multi-center Retrospective Analysis of Healthcare Workers 
after COVID-19: Epidemiological and Clinical Features

1. INTRODUCTION

After COVID19 was introduced as a pandemic into the 
World in March 2020, concerns about the high-level risk 
of infection among healthcare workers increased (1-
4). Moreover, personal protective equipment (PPE) was 
unreachable on some occasions and in some countries. 
Even while appropriately provided PPE, HCWs might not 
have enough awareness and proper education to use 
them. Shortage of both PPE itself and knowledge of using 
them increases the risk of infection and even death (5-
8). According to a Chinese study from the early pandemic 
period, the majority of virus transmission happened in 
hospitals (9). Cross-transmission among employees could be 
a significant route, and asymptomatic carriers, in particular, 
could play a significant role in this situation (10). As a result, 

detecting asymptomatic carriers early is critical for infection 

management in hospital settings. Despite the findings of 

a Chinese study that concluded that the main infection 

route for HCWs was the hospital setting (9), Triebel et al. 

suggested that a screening program of asymptomatic HCWs 

should be implemented during possible new infection 

waves, as the HCWs appear to be infected in the general 

population rather than hospitals (11).

The study aimed to determine the characteristics and 

outcomes of COVID-19 patients who are healthcare workers 

along with possible transmission routes of COVID-19 in four 

different healthcare facilities in Istanbul.
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2. METHODS

The conducted study was approved by the Istanbul Medipol 
University Ethics Committee (date 18.03.2021/No 364). 
It obtained data from four different healthcare centers in 
Istanbul, Turkey. One of the hospitals is a university hospital, 
while the others are secondary care facilities. During the 
initial wave of the pandemic, all these healthcare centers 
accepted COVID-19 patients and provided COVID-19 testing 
to their own healthcare workers in accordance with Ministry 
of Health guidelines (12). Though the COVID-19 Scientific 
Committee modified the guideline when new scientific 
knowledge became available, during the study period all 
patients were given hydroxychloroquine, with favipiravir, 
tocilizumab, convalescent plasma, and anticoagulant 
therapy added if needed following hospitalization. 
Nasopharyngeal swabs for COVID-19 rt-PCR test were taken 
by a healthcare professional and performed in authorized 
laboratories with the primers provided by the Ministry of 
Health. If necessary, thorax computerized tomography was 
used in the diagnostic process and was reported by the 
radiologists according to the Ministry of Health guideline 
(13).

All hospital records provided by occupational health, safety 
boards, and infection control committees were reviewed 
retrospectively. Demographic and clinical characteristics of 
HCWs were documented and all the infected HCWs were 
subjected to a phone-based mini-questionnaire.

A questionnaire containing 4 questions (Cronbach’s alpha= 
0.41) was applied to evaluate knowledge and compliance 
of infection control measures. All data were recorded in 
the study have been collected by using online Microsoft 
Forms®. All collected data were analyzed with SPSS 22® 
(IBM, USA) software for statistical analysis. Chi-square or 
Fisher’s exact tests were used to compare proportions and 
Student’s t-test and Wilcoxon Sum rank test to compare 
means of parametric data. For variables that were not 
normally distributed, the Mann-Whitney U test was used. 
A two-sided α-value of less than 0.05 was considered 
statistically significant. All data was given in (mean ± SD) 
if appropriate. Median, interquartile range, min/max, and 
percentiles were also used.

Definitions

1. Asymptomatic infection: A patient with positive SARS 
CoV-2 test result and declared no symptoms and/or 
without any findings in chest imaging.

2. Non-clinical staff: Hospital workers who don’t have 
any degree in medical sciences/professions.

3. RESULTS

The study included a total of 161 participants from different 
age groups, education levels, comorbidity frequencies, 
and blood types. Demographic and workplace/duty 
characteristics are given in Table 1.

Ninety participants (56%) out of 161 HCWs recruited to the study 
have A Rh-positive blood type while the rest of participants have 
blood groups of 0 Rh-positive (33,19%), B Rh-positive (23,14%), 
A Rh-negative (5, 3.1%), 0 Rh-negative (5,3.1%), AB Rh-positive 
(4, 2.5%) and AB Rh-negative (1, 0.6%).

Table 1: Demographic and workplace/duty characteristics of the 
study population

All Nurse Doctor Technician
Non-clinical 

staff
Age
Median (IQR)
[min-max]

27 (24-35)
[20-60]

25(23-27)
[20-43]

38(27-45)
[26-60]

29(24-32)
[22-49]

28(24-34)
[20-56]

Male gender 66 (41) 13 (20) 18 (27.3) 6 (9.1) 29 (48.3)
Workplace
Emergency 
room

5 (3.1) 5 (100) 0 0 0

Surgical Units 20 (12.4) 6 (30) 10 (50) 1 (5) 3 (15)
Internal 
Medicine 
Units

71 (44.1) 36 (51) 15 (21) 6 (8) 14 (20)

Laboratory 9 (5.6) 0 2(22) 6 (67) 1 (11)
Management 17 (10.6) 0 0 0 17 (100)
Mobile within 
hospital

25 (15.5) 0 0 3 (12) 22 (88)

Intensive Care 
Unit

14 (8.7) 10 (72) 1 (7) 0 3 (21)

Total N (%) 161 (100) 57 (35.4) 28 (17.4) 16 (9.9) 60 (37.3)

In a bivariate analysis, those with the A blood group had a 
higher probability of COVID-19 symptomatic infection (88, 92 
%, p=0.04). Asymptomatic infection rates were observed to 
be considerably higher among people with the O blood group 
(30%, p=.002) and those who worked in a surgical unit (30%, 
p=0.04). Having O blood type is substantially connected to an 
asymptomatic course of infection (p=.001) in the multivariate 
logistic regression study (Hoshmer-Lemeshov p=0.66) that 
includes age, gender, O blood type, workplace, and duty. 
Working in a surgical unit is not linked to asymptomatic 
infection in this model (0.11). Furthermore, neither bivariate 
nor multivariate analysis found age, sex, or duty to be 
associated with asymptomatic infection in our study sample.

The rate of hospitalization was 13.5 % (N=22). No one was 
admitted to the intensive care unit and no deaths were 
observed during the research period. The most common 
symptoms were cough (69%), fever (59%), headache (57%), 
sore throat (39%), loss of taste (37%) and smell (39%), 
and sputum (13%). 71% of females reported a sore throat, 
which was significantly greater than males (28%) (p=0.01). 
Ninety percent of participants do not have a co-morbidity 
(N=146), and there was no relation between comorbidity and 
hospitalization in our study.

On 118 HCWs, a computerized thorax tomography (CT) was 
done, with the results falling into four categories: a) negative 
for pneumonia (N=27, 23%), b) typical for COVID-19 (N=42, 
36.2%), c) indeterminate findings (N=7, 6%), and d) atypical 
appearance (N=40, 34.5%). There was no link between the 
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CT finding and the need for hospitalization. Five patients 
were followed up without medication. Hydroxychloroquine 
was prescribed to 134 patients without hospitalization as 
monotherapy (N=43, 32%) or combined with azithromycin 
(N=91, 68%). Hydroxychloroquine was given to all 22 
hospitalized patients, azithromycin was combined in 20 of them 
(91%) and in the case of clinical deterioration, tocilizumab (11, 
50%) was used as the subsequent therapy. No HCWs included 
in this study were deceased because of COVID-19.

During the study period, fifty-two participants declared that 
they were living alone and 103 HCWs reported living with 
one or more households (3.2 ± 1.2). Living with a household 
was found a risk factor for cross-transmission to get the virus 
from house-contact (OR:1.2; CI: 1.09-1.29) or spread it to 
them (OR:1.3, CI:1.16-1.43). After this risk was evaluated by 
duty in hospitals, getting the virus from household contact 
risk was higher in the non-clinical staff (OR: 1.27, CI:1.09-
1.48), and spreading to others in a house risk was higher in 
doctors (OR:1.4, CI: 1,.005 – 1.850). There is no difference 
in the risk of transmission to household members between 
those who are asymptomatic and those who are symptomatic 
(p=0.6). Due to the limited number of subgroups, we were 
unable to investigate the association between the number 
of household members and transmission risk. SARS CoV-2 
PCR test has been performed in all cases. Twenty-two HCWs 
have had no symptoms despite their PCR test results being 
positive. In symptomatic participants duration between 
symptom and PCR test median: 0 days (IQR:0-2) (min: – 2 
– max: 14). The time between the first positive PCR result 
and the first negative result: 9 days (IQR: 7-13) (min: 1 max: 
28). Figure 1 explains the time of the negative results more 
clearly.

Figure 1. Positive PCR result and the first negative result.

There is no significant relationship between negative result 
duration and sex, age, blood type, smell loss, and taste loss 

symptoms. Patients with sore throat had a substantially longer 
(12 ± 4 days) interval for a negative SARS CoV-2 PCR result 
than those who do not (10±4 days) (p =.005). Negative PCR 
duration took a maximum of 15 days (median: 8, IQR: 7-12) 
in asymptomatic patients. The following is the questioner’s 
response: (Q1) “How might you have gotten the virus?” a 
multiple-choice question was answered as “not sure (Q1A1)” 
by 46% of participants. Other answers were “might be a 
family member contact (Q1A2)” (9%), “might be a co-worker 
with positive PCR test result contact (Q1A3)” (28%), “might 
be a patient with a positive test result contact (Q1A4)” (17%). 
Participants, living alone, responded as Q1A1 higher than 
ones with household (62% vs 37%, p= .006). HCWs sharing a 
house someone answered the same question “Q1A2” higher 
than the living alone group (13% vs. 2%, p= .04). There was 
no difference between living alone and A3, A4. There is a 
significant association between asymptomatic HCWs and 
“Q1A3” (might get the virus from a co-worker) (p= .05)

(Q2) “Did you have easy access to PPE while working? 
(YesQ2=152/NoQ2=9)” The answers of Q2 didn’t show any 
disparity by occupation type. There is a higher rate of A3 
(might got the virus from a co-worker) for Q1 in the HCWs 
responded in NoQ2 (N=6, 67%, p=001).

(Q3) “Did you know about the isolation precautions before 
you had COVID-19? (YesQ3=151/NoQ3=9)” Nine responded 
as no and all of them non-clinical staff (15%)(p<0,001) and 5 
of them were mobile inside the hospital group (p= .005). The 
HCWs who were answered Q1 as “might be a family member 
contact” dominantly responded in the NoQ3 group (N=4, 
44%, p=.004).

(Q4) “Were you compliant with the isolation precautions 
policy of your hospital? (YesQ4=128/NoQ4=33”). A vast major 
of the NoQ4 group (N=22, 67%) answered A3 (transmission 
might be from a co-worker) and it is higher than the YesQ4 
group (N=18, 19%) (p<0,001). In the YesQ4 group, the rate 
of Q1A2 (transmission might be from a patient) (26, 20%) is 
significantly higher than the NoQ4 group (1, 3%) (p = .001). 
Analysis of Q4 by workplace and duty, mobile inside hospital 
group (N=10, 30.3%, p= .01), and non-clinical staff (N=18, 
55%, p= .02) responded NoQ4 answer significantly higher 
than other groups. There is no significant difference between 
Q4 and clinical staff (nurse, doctor, technician) in bivariate 
analysis.

4. DISCUSSION

The spectrum of clinical findings in COVID-19 is wide. A 
systematic review suggested that up to 33 % of patients 
may be asymptomatic while having COVID-19 (14). 14% of 
HCWs were asymptomatic in our cohort. Clinical findings 
in symptomatic HCWs are similar to the literature (15). 
Asymptomatic infection in COVID-19 is a concerning problem 
for transmitting the virus to others in both community 
and healthcare settings (10, 16) yet we cannot find any 
association of asymptomatic HCWs with SARS CoV-2 PCR 
and risk of transmission to/from household members while 
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significant relationship occurs between asymptomatic 
ones might get the virus from a co-worker. In our study, 
participants have a good knowledge and are compliant with 
isolation precautions tightly while working. We may conclude 
isolation precautions practice may be loosened during break 
times and transmission within asymptomatic co-workers may 
be easier than on duty. There are several articles which are 
suggesting the probable effects of the blood group on the 
COVID-19 clinical course (17, 18). Wu et al found that patient 
with O blood type is related to an asymptomatic infection 
course, having an A blood group is related to a higher rate of 
symptomatic one. A study from Turkey aimed to evaluate the 
effect of blood groups on either transmission risk or clinical 
course, concluded O blood type is related lower rate of having 
SARS CoV-2 and there is no relationship between blood type 
and clinical outcome (19). It is relevant to our finding which 
is a lower rate of O blood group in SARS CoV-2 PCR, yet we 
found that HCWs with O blood type have a higher rate of 
asymptomatic course of COVID-19. Our study focuses on 
the transmission to HCWs as a high-risk group; thus we will 
not discuss the clinical outcome and blood group relation, 
anymore in this paper. In our viewpoint, early prediction 
of asymptomatic HCWs would be useful to interrupt cross-
transmission in a healthcare facility. Our finding supports 
Triebel et al suggestion that implementing a screening 
program in a healthcare facility (11) would be beneficial. 
Rivett et al strongly suggested the implementation of a 
screening program in healthcare settings particularly after 
the lockdown was lifted (20). Further studies are required to 
understand the characteristics of asymptomatic COVID-19 
patients leads to implementing a more feasible solution for 
such a screening program.

Lei et al found that household contact was 10 times higher 
than other contacts in the community setting (21). A 
systematic review revealed that household transmission 
is very important for community spread and has a high 
secondary attack rate (22). In our study, we found that living 
with household members is a risk factor for transmission in 
HCWs although has a lower rate than community-setting. We 
found that household transmission is particularly high in the 
non-clinical staff. Moreover, our questionnaire revealed that 
non-clinical staff has lower knowledge and compliance with 
isolation measures. It might make household transmission 
easier in this group. Hospitals should assure non-clinical staff 
have proper isolation precaution education and audit the 
compliance frequently.

In our research, we found that the median time from PCR 
positivity to PCR negativity was 9 days (IQR: 7-13), with 
HCWs who had a sore throat at the start of COVID-19 having 
a longer PCR positive period. According to other studies, 
the median duration of PCR negative for HCWs in Spain, 
Madrid, is 15 days (IQR: 12–19.5) (23). Another study found 
that the median duration of PCR negative for HCWs in Japan, 
Tokyo is 19 days (IQR 6-37) (24). This variance in time to PCR 
negative between studies may be attributed to changes in 
the study population, age, gender distribution, and which 
COVID variant is prevalent at the time of the studies. CDC 

recommends the implementation of a containment period 
based on clinical recovery – not PCR test – as a maximum 
of ten days. To date, the literature suggests prolonged viral 
shedding after recovery is not significant for the transmission 
of COVID-19 except for immunocompromised patients (25, 
26). We found prolonged viral shedding for up to 15 days 
(median:8; IQR:7-12). HCWs with sore throat complaints 
seem to have prolonged viral shedding. Further studies are 
required to assess its importance in the healthcare setting.

5. CONCLUSION

Comprehending characteristics of asymptomatic infections 
as blood type may be useful to implement a feasible 
screening program. Education and audit of the non-clinical 
staff should be implemented to avoid transmission within 
both household and hospital settings.
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ABSTRACT

Objective: This study aimed to investigate the effects of polishing system on the color stability, surface roughness, and hardness of resin 
composites in the presence and absence of accelerated artificial aging (AAA).

Methods: Six resin composites (Universal Restorative 200, G-Aenial Anterior, Ceram-X Duo, Admira, IPS Empress Direct, Clearfil Majesty 
Esthetic) were evaluated. Thirty disc-shaped samples were prepared for each composite group. Resin composite groups were divided into 
three subgroups: control (Mylar strip), disc (Optidisc), and rubber (Dimanto) (n=10). Color change (ΔE00) was calculated using the CIEDE 2000 
formula. Before and after AAA, the surface roughness (Ra, µm) and hardness (VHN) values were measured. Data were analysed using ANOVA, 
the Bonferroni test, and Pearson correlation (p<0.05).

Results: The Mylar strip group showed less color change than the polished groups. Universal Restorative 200 and IPS Empress Direct were 
associated with less discoloration than other resin composite groups. Before AAA, Mylar strips and Universal Restorative 200 were exhibited 
smoother values. There was no difference in the surface roughness between Dimanto-treated resin composites those associated with other 
materials before and after AAA (except Ceram-X Duo and Universal Restorative 200). Universal Restorative 200 yielded higher hardness values 
than other composites (p<0.05). The Mylar strips yielded lower VHN values than the polished groups, but there were no differences among the 
polishing systems. There was a significant, weak, and positive correlation between color and roughness change.

Conclusion: Composite type, finishing/polishing, and AAA had statistically significant effect on surface roughness and hardness. The Optidisc 
group exhibited less coloration and smoother surfaces than the Dimanto group. Nanohybrid (IPS Empress Direct) and microhybrid (Universal 
Restorative 200) resin composites performed better than other resins in terms of color change and roughness. Polishing systems applied to 
resin composite materials increased hardness.

Keywords: Accelerated artificial aging, color change, polishing, surface properties
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Effect of Polishing Systems on the Color and Surface Properties 
of Resin Composites in the Process of Accelerated Artificial 
Aging

1. INTRODUCTION

With developments and improvements of the physical-
mechanical properties of resin composites, their clinical use 
has increased; however, color stability, which affects the life 
of the restoration, remains a material-specific problem (1). 
Color change in resin composites is multifactorial, depending 
on the internal and external coloring of the materials. 
Internal factors are related to the chemical structure of the 
resin matrix component of the materials, and external factors 
are related to the coloring substances (such as the patient’s 
diet, hygiene, smoking habits) (2). Color differences can 
be assessed visually or with color-measuring instruments. 
These instruments (colorimeters and spectrophotometers) 
quantitatively indicate coloration and avoid the pitfalls of 
subjective visual color comparisons (3). The CIEDE 2000 
formula provides better correlations than the CIE L*a*b 

formula, and the CIEDE 2000 formula determines color 
differences perceived by the human eye better than the CIE 
L*a*b formula (4).

The mechanical properties of resin composites in aesthetic 
restorations are also important factors influencing their 
clinical longevity (5). Mechanical and physical properties are 
reflected by differences in filler volume, size, and shape, and 
improvements in these materials have been implemented 
via changes in matrix composition and polymerization 
technology (6). Finishing/polishing can be considered 
essential steps in restorative procedures that increase the 
aesthetics and clinical lifespan of restored teeth. Resin matrix 
and filler particles change in terms of hardness; as a result, 
they do not wear out to the same plane. Therefore, due to 

https://orcid.org/0000-0001-7869-4872
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the removal of some particles during the process of finishing/
polishing, surface defects may occur, such as microcracks 
and irregularities in the materials, which reduces the wear 
resistance of the restorations (7). Clinicians can choose from 
a variety of polishing tools for clinical use, such as diamond 
burs, stones, rubber cups, bits, discs, strips, and pastes. Efforts 
have been made to develop finishing/polishing instruments 
and one-step systems for resin composites (8). Given that 
simplified application systems are less time-consuming, it 
is important for clinicians to know which finishing/polishing 
systems offer adequate surface quality to increase the 
longevity of resin composite restorations (9).

A clinically useful lifespan begins immediately after the 
application of restoration materials. Although it may be 
possible to immediately assess color and other variables 
related to aesthetics, it is difficult to predict and compare 
long-term outcomes due to the rapid development and 
introduction of new generations in the dental market (2). 
Artificial aging methods are used to evaluate the effects on 
the optical and mechanical properties of resin composites 
(10). Clinical studies must validate the treatment procedures, 
but such studies are expensive and time-consuming. In vitro 
studies are designed to simulate clinical conditions as closely 
as possible within the scope of clinical procedures (11). 
Accelerated artificial aging (AAA) imitates oral conditions 
through exposure to 300 h of weathering in a weather-O-
meter, which is reportedly equivalent to 1 year of clinical 
use or intraoral treatments (12). AAA imitates the effects 
of prolonged exposure to environmental factors, such as 
differences in light, temperature, and moisture, and it 
approximates long-term clinical use in short time intervals 
(13). Studies evaluating AAA and resin composite polishing 
systems are scarce in the literature.

This study aimed to assess the influence of two polishing 
methods on color changes, surface roughness, and hardness 
among six resin composites in the presence and absence of 
AAA. The following null hypotheses were investigated: (1) 
different polishing methods would not effect color changes, 
surface roughness and hardness of resin composites; and (2) 
AAA would not influence color changes, surface roughness 
and hardness among resin composites.

2. METHODS

Shade equivalent A2 of six different resin composites (Clearfill 
Majesty Esthetic, Kuraray, Okayama, Japan; IPS Empress 
Direct, Ivoclar Vivadent, Schaan, Liechtenstein; Universal 
Restorative 200, 3M-ESPE, St. Paul, MN, USA; G-Aenial 
Anterior, GC Corp. Tokyo, Japan; Ceram-X Duo, Dentsply, 
Konstanz, Germany; Admira, Voco, Cuxhaven, Germany) were 
used (Table 1). Thirty disc-shaped samples were prepared for 
each composite, adding up to 180 samples in total. A Teflon 
mould (8 mm diameter and 2 mm thickness) was used to 
prepare disc-shaped specimens of the resin composites. The 
resin composites were placed into holes, and a Mylar strip 
was placed over the top surfaces. Resin composites were 
cured with light-emitting diode (LED; Woodpecker LED.E (P), 

Guilin Woodpeckers Medical Inst. Co., Guilin, China)–curing 
light at 1200 mW/cm2 for 40 s directly over Mylar strips. 
The resin composite groups were randomly divided into 
three subgroups (n=10). Except for the Mylar strip group, 
1200 grit silicon carbide abrasive paper was used with water 
before application using the polishing systems. Two different 
polishing systems (Optidisc, KerrHawe, Bioggio, Switzerland; 
Dimanto, Voco, Cuxhaven, Germany) were used. The polishing 
systems are shown in Table 1. The four-step OptiDisc system 
includes four aluminium oxide (Al2O3)–embedded discs, 
and each was used for 15 s in dry conditions. The one-step 
Dimanto system (rubber cup) includes diamond-embedded 
discs and was used for 60 s in dry conditions. The polishing 
systems were applied using a handpiece at a speed of 10,000 
rpm. All the specimens were rinsed for 10 s and then stored 
at 37°C for 24 h in distilled water.

2.1. Color Change Measurements

The initial color measurements were performed using a 
spectrophotometer (Lovibond RT Series, Tintometer Group, 
Lovibond House, UK). The spectrophotometer was calibrated 
according to the manufacturer’s instructions. The CIEDE 2000 
formula was used to determine color differences (14,15):

where ΔL′, ΔC′, and ΔH′ are the differences in lightness, 
chroma, and hue, respectively, between two specimens. 
The relationship between the variations of chroma and hue 
in the blue region is defined by the rotation function (RT). 
The weighting functions of lightness, chroma, and hue are 
denoted by SL, SC, and SH, respectively. KL, KC, and KH are the 
parametric factors of set 1 in this study (16).

2.2. Surface Roughness Measurements

Initial surface roughness was measured using a contact 
surface roughness device (Mar Surf PS1, Mahr, Göttingen, 
Germany). The average roughness (Ra, µm) values were 
recorded, and each specimen was recorded three different 
times using a profilometer, and the average value was 
calculated for each.

2.3. Surface Hardness Measurements

Initial surface hardness was measured using a surface 
hardness device (LHV-1D, Bursam NDT, Bursa, Turkey). A 
300-g load with a 10-second dwell period (17) was used on 
the surface for three measurements, and the average value 
was calculated for each material.
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Table 1. List of materials used in present study

Resin 
Composites

Manufacturer Type Composition wt-vol Lot No.

Universal 
Restorative 
200

3M Espe, St.
Paul, MN, USA

Universal/
Microhybrid

BisGMA, UDMA, Bis-EMA, zirkonium/silica, 0,01-3,5 µm %82 wt
%60 vol

N996478

G Aenial 
Anterior

GC Corp. Tokyo, 
Japan

Microhybrid UDMA, dimethacrylate co-monomers, pre – polymerized organic filler, 
silica, strontium,
lanthanoid fluoride, fumed silica (0,1–17µm)

%73 wt
%64 vol

1909091

Ceram.X Duo 
(Enamel)

Dentsply De Trey 
GmbH, Konstanz, 
Germany

Nanoceramic Bis-GMA, UDMA, TEGDMA, Methacrylate modified ploysiloxane 
(organically modified ceramic), dimethacylate resin, Bis(4-methyl-phenyl), 
iodonium hexafluorophosphate, barium-aluminum-borosilicate glass (10 
nm), methacrylate functionalised silicon dioxide nano filler

%76 wt
%57 vol

180.800.1099

Admira Voco GmbH
Cuxhaven, 
Germany

Ormocer Ormocer, BisGMA, UDMA, aromatic and aliphatic dimethacylate, 0.7 µm. %78 wt.
(%56 vol. 
microfiller)

1914502

IPS Empress 
Direct 
(Enamel)

IvoclarVivadent, 
Schaan,
Liechtenstein

Nanohybrid BisGMA, UDMA, TEGDMA, Barium glass, ytterbium trifluoride, and mixed 
oxides silicon dioxide, copolymer 0,4 µm-100 nm

%75-79 wt
%52-59 vol

Y35243

Clearfil 
Majesty 
Esthetic

Kuraray Noritake 
Dental Inc., 
Okayama,
Japan

Nanohybrid BisGMA, hydrophobic aromatic dimethacrylate, di-Camhorquinone, 
silanated barium glass filler, pre – polymerized organic filler, 0,37 µm-1,5 
µm

%78 wt
%40 vol

4H0173

Finishing/
Polishing 
materials

Manufacturer Type Composition Lot No.

OptiDisc KerrHawe, 
Bioggio, 
Switzerland

Discs Aluminum impregnated discs,
 (Coarse-Medium-Fine-Extrafine)

6778506

Dimanto Voco GmbH
Cuxhaven, 
Germany

Rubber Diaomond particles impregnated silicon rubber
 (One-step pre and high gloss polishing)

1915625

Bis-GMA; bisphenol A glycol dimethacrylate; Bis-EMA; bisphenol A ethoxylated dimethacrylate; TEGDMA; triethylene glycol dimethacrylate, UDMA; urethane 
dimethacrylate.

2.4. AAA

After initial measurements, all specimens were aged for 
300 h and 150 kJ/m2 (3) in an accelerated ageing chamber 
(Atlas ci 4000; Atlas Electronic Devices Co, Mount Prospect, Il, 
USA) (18). The aging procedure was performed as described 
elsewhere (19). After AAA procedures, color change, surface 
roughness and hardness measurements were repeated.

2.5. Statistical Analysis

Statistical analysis was performed using SPSS Statistics 
for Windows, Version 27.0 (IBM Corp., Armonk, NY, USA). 
First, the normality of the distribution was checked. Paired-
samples t-test analysis was used to make before-and-after 
comparisons to examine the significance of the effects of 
AAA on the roughness and hardness of the resin composite 
materials. Independent-samples t-tests were used to compare 
color changes, surface roughness, and surface hardness of 
the polishing systems used for the resin composite materials. 
Color change was analysed using two-way ANOVA. Three-
way ANOVA was used to analyse the interaction between 

composite type, polishing systems, and AAA in the influence of 
surface roughness and hardness of the composites. Bonferroni 
tests were used for multiple comparisons. Pearson correlation 
was used to reveal the relationship between changes in color 
and surface roughness values. For all statistical tests, the 
significance level was set at p<0.05.

3. RESULTS

3.1. Color Results

Table 2 shows ΔE00 values. The analysed factors (composite 
type and finishing/polishing group) had no significant 
influence on color changes (Table 3). The ΔE00 values of the 
Ceram-X Duo were indicated to be statistically significantly 
higher than those of the Universal Restorative 200 and IPS 
Empress Direct (p<0.001). The Optidisc and Dimanto groups 
were found to have significantly higher mean ΔE00 values than 
the Mylar strip group (p<0.001 for each). The Dimanto group 
had a significantly higher mean ΔE00 value than the Optidisc 
group (p=0.017).
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3.2. Surface Roughness Results

The analysed factors (composite type, finishing/polishing 
group, and AAA) had a statistically significant influence on 
surface roughness (Table 4), and Ra value differences are 
shown in Table 5. Before AAA, when the compared resin 
composites in the rubber group were evaluated according 
to composite type, there were no significant differences 
(p>0.05). The Ceram-X Duo yielded higher Ra values than 
the Universal Restorative 200 (p=0.046). The Optidisc with 
Universal Restorative 200 yielded significantly lower Ra 
values than the other composites. However, there were 
no differences between the Ra values associated with IPS 
Empress Direct and Clearfil Majesty Esthetic. After AAA, 
Optidisc and Dimanto with Universal Restorative 200 were 
associated with significantly lower surface roughness values 
than Ceram-X Duo (p=0.014, p=0.035, respectively). Before 
and after AAA, the Mylar strip group exhibited lower Ra values 
than the finishing/polishing groups (p<0.001). Additionally, 
the Optidisc group exhibited significantly lower roughness 
values than the Dimanto group (p<0.001).

3.3. Surface Hardness Results

The analysed factors (composite type, finishing/polishing 
group, and AAA) had a statistically significant influence on 
surface hardness (Table 4). Vickers hardness number (VHN) 

differences are shown in Table 6. Among all finishing/polishing 
groups, the Universal Restorative 200 exhibited the highest 
VHNs (p<0.05). The polishing groups exhibited significantly 
higher hardness values than the control group. Before and 
after AAA, no significant difference was observed between 
the Optidisc and Dimanto groups in terms of hardness.

Table 4. Interactions among the three factors using Three-Way 
ANOVA

Interaction factors
Roughness Hardness

p p

Composite <0.001 <0.001

Group <0.001 <0.001

AAA <0.001 <0.001

Composite* Group <0.001 <0.001

AAA*Composite 0.092 0.239

AAA*Group 0.001 <0.001

AAA* Composite *Group 0.020 <0.001

3.4. Pearson Correlation Results

There was a statistically significant, weakly positive 
relationship between color change and roughness (r=0.168, 
p=0.024).

Table 2. ANOVA results for color change (∆E00)

Interaction factors Type III Sum of Squares df Mean Square F p
Group 30.5 2 15.226 24.14 <0.001
Composite type 61.6 5 12.321 19.530 <0.001
Group ✻ Composite type 10.5 10 1.051 1.670 0.093

Table 3. Mean color changes (ΔE00) and standard deviation of the tested materials

Resin composites Control Optidisc Dimanto Total
Ceram-X Duo 3.54 ± 0.83 4.21 ± 0.54 4.39 ± 0.47 4.39 ± 0.47

A
Universal Restorative 200 2 ± 0.56 2.9 ± 0.89 3.3 ± 1.13 2.73 ± 1.02

B
G-Aenial Anterior 3.68 ± 0.93 4.28 ± 1.11 4.34 ± 0.61 4.1 ± 0.93

A
IPS Empress Direct 2.52 ± 1.24 2.57 ± 0.57 2.86 ± 0.57 2.65 ± 0.84

B
Clearfil Majesty Esthetic 2.9 ± 0.44 4.16 ± 0.36 4.33 ± 0.75 3.8 ± 0.84

A
Admira 3.01 ± 0.49 3.12 ± 1.29 4.43 ± 0.56 3.52 ± 1.06

A
Total 2.94 ± 0.96

a
3.54 ± 1.08

b
3.94 ± 0.93

c
Different capital letters represent statistically significant differences in each column (p< 0.05).
Different lower letters represent statistically significant differences in each row (p< 0.05).



706Clin Exp Health Sci 2022; 12: 702-710 DOI: 10.33808/clinexphealthsci.1012098

Effects of Polishing Systems on Composites Original Article

4. DISCUSSION

The interaction between composite type and polishing 
system was not significant in terms of the influence on color 
change. However, significant differences were found in the 
interaction between the composite resin materials and the 
polishing systems in terms of surface roughness and hardness. 
Therefore, we failed to fully reject the first null hypothesis. 
AAA was associated with significant differences in the color, 
surface roughness, and hardness of the resin composites. 
Therefore, the second null hypothesis was rejected.

In this study, acceptable perceptibility and acceptability 
thresholds were 0.81 and 1.77, respectively (15). Color 
change ΔE00 values were all between 2.0–4.43, and the resin 
composites were associated with clinically unacceptable 
color changes after AAA. Resin composite color changes 
are affected by external and internal factors. External 
factors include the duration and intensity of light emission 
during light-curing, as well as environmental factors, such 
as ultraviolet radiation, water, and temperature. Internal 
factors include the content of the resin matrix, filler loading 

Table 5. Surface roughness values (Ra, µm) (mean±std.deviation) of the resin composites
Control Optidisc Dimanto

Before AAA
After
AAA

p Before AAA
After
 AAA

p Before AAA
After
AAA

p

C 0.19 ± 0.02
Aa

0.21 ± 0.03
ABC1

>0.05 0.25 ± 0.02
ACb

0.28 ± 0.02
A2

<0.05 0.26 ± 0.02
Ab

0.31 ± 0.01
B2

<0.05

U 0.15 ± 0.01
Ba

0.16 ± 0.03
B1

>0.05 0.15 ± 0.02
Ba

0.23 ± 0.03
C2

<0.05 0.24 ± 0.03
Ab

0.27 ± 0.02
A2

<0.05

G 0.17 ± 0.02
ABa

0.22 ± 0.04
C1

<0.05 0.23 ± 0.03
ACb

0.28 ± 0.02
A2

<0.05 0.25 ± 0.03
Ab

0.31 ± 0.03
AB2

<0.05

I 0.16 ± 0.04
ABa

0.18 ± 0.02
ABC1

>0.05 0.18 ± 0.03
BCa

0.21 ± 0.01
BC1

<0.05 0.25 ± 0.02
Ab

0.28 ± 0.01
AB2

<0.05

M 0.17 ± 0.03
ABa

0.18 ± 0.02
AB1

<0.05 0.19 ± 0.01
BCa

0.25 ± 0.02
AC2

<0.05 0.25 ± 0.02
Ab

0.30 ± 0.02
AB3

<0.05

A 0.17 ± 0.02
ABa

0.20 ± 0.03
ABC1

<0.05 0.21 ± 0.04
Ca

0.27 ± 0.03
AC2

<0.05 0.27 ± 0.03
Ab

0.31 ± 0.01
AB2

<0.05

C; Ceram-X Duo, U;Universal Restoratif 200, G;G-Aenial Anterior, I;IPS Empress Direct, M;Clearfil Majesty Esthetic, A;Admira, AAA; Accelerated artificial aging, 
p; represent statistically significant differences in each group of the same resin composites (between before and after AAA of specimens values)
Different capital letters represent statistically significant differences in each column (p<0.05).
Different lower letters (comparisons of before AAA, specimen values between the groups) represent statistically significant differences in each row (p<0.05).
Different superscript numbers (comparisons of after AAA, specimen values between the groups) represent statistically significant differences in each row 
(p<0.05).

Table 6. Surface hardness values (VHN) (mean±std.deviation) of the resin composites

Control Optidisc Dimanto
Before

AAA
After
AAA p

Before
AAA

After
AAA p

Before
AAA

After
AAA p

C 52.00 ±1.75
Aa

67.87 ± 1.93
A1

<0.05 63.51 ± 2.43
Ab

75.74 ± 1.73
AD2

<0.05 60.26 ± 1.72
AEb

73.84 ± 1.51
A2

<0.05

U 87.73 ± 2.20
Ba

92.43 ± 2.04
B1

<0.05 92.09 ± 2.49
Bb

103.48±3.48
B2

<0.05 91.09 ± 2.42
Bab

101.78±4.00
B2

<0.05

G 37.70 ± 1.91
Ca

55.32 ± 2.20
C1

<0.05 43.28 ± 1.68
Cb

60.97 ± 1.64
C2

<0.05 42.83 ± 2.05
Cb

59.60 ± 1.92
C2

<0.05

I 50.50 ± 1.61
Aa

75.76 ± 1.84
D1

<0.05 61.32 ± 1.01
Ab

78.41 ± 1.97
D1

<0.05 58.10 ± 1.36
Ab

77.68 ± 1.99
D1

<0.05

M 43.18 ± 3.53
Da

52.40 ± 1.55
CE1

<0.05 45.65 ± 1.55
Ca

55.34 ± 0.84
E1

<0.05 44.79 ± 1.21
Da

52.55 ± 0.90
E1

<0.05

A 57.91 ± 2.15
Ea

68.03 ± 1.24
A1

<0.05 63.54 ± 1.90
Ab

73.55 ± 2.06
A2

<0.05 61.89 ± 2.05
Eb

71.77 ± 1.50
A2

<0.05

C; Ceram-X Duo, U;Universal Restoratif 200, G;G-Aenial Anterior, I;IPS Empress Direct, M;Clearfil Majesty Esthetic, A;Admira, AAA; Accelerated artificial aging, 
p; represent statistically significant differences in each group of the same resin composites (between before and after AAA of specimens values)
Different capital letters represent statistically significant differences in each column (p<0.05).
Different lower letters (comparisons of before AAA, specimen values between the groups) represent statistically significant differences in each row (p<0.05).
Different superscript numbers (comparisons of after AAA, specimen values between the groups) represent statistically significant differences in each row 
(p<0.05).
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and particle size distribution, type of photoinitiators, and 
remaining C=C bonds (20). During light-curing, initiators 
and tertiary aromatic amines form products that, under 
temperature or UV light challenges, cause resin discoloration 
towards red or yellow (21). A previous study (12) found that L* 
values decreased and b* values increased in resin composites 
after AAA. In the present study, L* values decreased and b* 
values increased in resin composites after AAA. Admira and 
Ceram-X Duo contain ormocer matrix, which is defined by 
an interpenetrating network of inorganic-organic polymers 
(22). In our study, Admira, Ceram-X Duo, G-Aenial Anterior 
resin composites were associated with more discoloration 
than the other materials. The staining susceptibility of resin 
composites may be due to the degree of water sorption and 
the hydrophilicity of the resin matrix. Resin composites can 
absorb water and are also able to absorb other fluids with 
pigments, which results in discoloration (23). Discoloration 
may be caused by inseparable highly cross-linkable organic 
networks and inorganic structures (20) and by AAA disrupting 
the ormocer structure. G-Aenial Anterior consists of a mixture 
of urethane dimethacrylate (UDMA) and dimethacrylate co-
monomers; it is free of Bis-GMA and has been confirmed 
in previous studies to facilitate discoloration. Bis-GMA and 
TEGDMA have high water absorption capacity due to their 
hydrophilic structure. The color stability of UDMA has 
been demonstrated to be superior to that of Bis-GMA (24); 
however, our findings were contrary to this observation. 
G-Aenial Anterior, a microhybrid composite with higher 
filler volume (64%), did not seem to have advanced color 
stability compared with Ceram X-Duo and Admira, ormocer-
containing materials with lower filler volumes (57% and 
56%, respectively). This may indicate that the lower color 
stability and higher solubility may be associated with 
monomer structures, for which AAA affects the chemical 
structures. In a previous study, microhybrid composites 
were found to be more stain-resistant than nanocomposites 
and microfilled composites (25). However, in our study, IPS 
Empress Direct (nanohybrid) exhibited the lowest ΔE00 values 
among the resin composite materials investigated (except 
for Universal Restorative 200). IPS Empress Direct can resist 
ageing-related staining. This can be explained by the use of 
different photoinitiators that remove amine groups, improve 
polymerization kinetics, and reduce the yellowing effect of 
curing. Smaller particle size and better dispersion of the resin 
matrix produces smoother surfaces (24). Although a previous 
study found that small nanofilled composite resin particles 
resulted in less discoloration (25), another study found that 
increased particle size caused a decrease in the organic filler 
matrix ratio, resulting in less discoloration (26); our study 
findings with Universal Restorative 200, a microhybrid resin 
composite, aligned with the latter observation. Use of the 
Universal Restorative 200 microhybrid and larger particle 
sizes may be effective for minimizing discoloration.

A previous study investigated color changes, surface 
morphology, and tooth restoration interface degradation 
among different resin composites (hybrid, microhybrid, 
nanoparticle-containing, and silorane) after AAA and found 

that Filtek Z250 (a microhybrid) was associated with the 
least color change. It has been stated that physical surface 
modifications caused by AAA may affect color changes (27) 
and that color changes caused by AAA are probably due to 
degradation at the monomer matrix/particle interface (28). 
An ideal polishing instrument should have abrasive particles 
harder than the filler contents of the material, thus allowing 
composites to reduce in terms of both the resin matrix and 
filler particles during polishing. Soft abrasive particles from the 
fillers only remove the resin matrix, and the hard aluminium 
oxide found in most polishing systems is significantly higher 
harder than most of the fillers in resin composites (29). Lu 
et al. (30) found that the smoothest surfaces were created 
using aluminium oxide–coated discs, that can perform an 
equal amount of abrasion, from both organic resin and 
inorganic fillers. A previous study evaluated the effects of 
the aging procedure on the surface roughness of compomer 
and resin composites (nanohybrid and ormocer). The study 
found that AAA did not affect the surface roughness, but 
there were differences between the materials (31). Similarly, 
another study stated that AAA did not influence the surface 
roughness of resin composites (32). Increases in color change 
and surface roughness have been shown to be interrelated 
(33). Another study (34) reported a lack of statistically 
significant increases in surface roughness values among resin 
composites after AAA; the investigators found that there was 
no correlation between surface roughness and color change. 
However, in our study, resin composites showed significant 
increases in surface roughness values after AAA, and a 
weakly positive correlation was found between roughness 
change and color change. Surface roughness can influence 
color change, as surface morphology influences susceptibility 
to discoloration. Surface roughness evaluation is relevant to 
the study of composite restoration since surface morphology 
affects susceptibility to discoloration (23). AAA and polishing 
produced rougher surfaces, which in turn caused significant 
color alterations. It has been observed that changes in 
resin composites are associated with internal factors (34) 
and external alterations that occur within specimens. A 
systematic review reported that the surface roughness of 
nanofiller or submicron composites was not superior to that 
of conventional microhybrid resin composites (35). In our 
study, the surface roughness values before and after AAA 
were found to be between 0.15 and 0.31 µm. Significant 
differences were observed between the Ceram-X Duo 
and Universal Restorative 200 control groups before AAA. 
After AAA, differences were detected between the two 
microhybrid resin composites (Universal Restorative 200 and 
G-Aenial Anterior). These differences can be attributed to the 
different chemical compositions of the materials, especially 
the filler content ratio. It is well known that the smoothest 
obtainable surfaces are achieved by curing the material in 
direct contact with a Mylar strip (23). The higher filler weight 
and volume of Universal Restorative 200 may have resulted 
in smoother surfaces in the Mylar strip group. It has been 
reported that surfaces formed with Mylar strips may have a 
resin-rich layer and poor physicomechanical properties. After 
polishing, the surface micromorphology of the composites is 
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affected by the type, amount, size, and hardness of the filler 
particles. It is also affected by the flexibility of the polishing 
materials, the hardness of the abrasive, size, and the method 
of application (36). In our study, Ceram-X Duo yielded the 
highest mean Ra value (0.31 µm) after AAA, while the mean 
Ra value for this material was similar in the rubber and disc 
application groups. This situation may be caused by the 
ormocer structure as well as the glass particles in Ceram-X 
Duo (37). Universal Restorative 200 exhibited a less-rough 
surface than other materials (except for IPS Empress Direct). 
Although there is no difference between the materials in the 
rubber group, disc application may have contributed to the 
smoothness of the nanohybrid composites. Several studies 
have found that multi-step systems perform better than one-
step systems (9,38). One-step systems can be implemented 
with a single polishing material, and smooth surfaces are 
provided in a shorter time (39). One study found that the 
texture of the final surface depends on the technique and 
material used (40), but there is no consensus on the materials 
and techniques that provide the smoothest surfaces for resin 
composites (41). According to our study, Optidisc (multi-step) 
created smoother surfaces and, therefore, lower staining 
susceptibility than Dimanto (one-step). The effectiveness 
of polishing discs containing aluminium oxide particles to 
create smooth surfaces tends to diminish gradually (39). The 
Dimanto polishing system contains particles impregnated 
with diamonds. Diamond is harder than aluminium. 
Therefore, diamond abrasive particles may cause deeper 
scratches on the surface of the composites, which may 
increase surface roughness. We found that a one-step 
polishing system did not produce the same surface quality 
on the resin composites. This is not attributable to the quality 
of the polishes but entirely to the interaction between the 
polisher and the composite resin.

In the present study, Mylar strip was associated with lower 
hardness values than the polishing systems. This finding is 
similar to other studies (8,42). Alfawaz, (43) investigated 
two polishing methods (a one-step [PoGo] and a multi-step 
[Sof-Lex] method) applied to two different composites (Z350 
XT and Ceram-X). Mylar strips were chosen as the control 
group. The control group yielded lower hardness values than 
the polished groups, but there was no significant difference 
between the polishing systems. Tornavoi et al. (44) found that 
AAA did not affect the hardness values of resin composites, 
but there were significant differences in hardness between 
the materials. Schulze et al. (45) found that Knoop hardness 
values of resin composites increased significantly after AAA. 
In contrast, a previous study (46) reported that microhardness 
values of resin composites decreased significantly after 
AAA. In our study, hardness values of resin composites 
increased significantly after AAA. Factors such as the device 
used, light, humidity and heat (45) caused differences in 
the mechanical properties of the materials. Studies have 
shown that water absorption by the resin matrix and orifice 
temperature can change the cohesion between the matrix 
and inorganic particles, reducing the mechanical properties 
of these materials and causing them to degrade (44,47). The 

results obtained in our study showed statistically significant 
differences between dental composites and demonstrated 
that the type of composites used might also influence the 
hardness results obtained. In our study, the highest hardness 
values among all groups were observed in association with 
Universal Restorative 200, and the lowest hardness values 
were observed in association with G-Aenial Anterior. This 
may be attributable to the filler ratio of the composite, as 
well as the influence of the hardness of the inorganic filler on 
the general hardness of the material (8). In our study, zirconia 
particles may have affected the increase in the VHN values of 
Universal Restorative 200. Previous study (44) reported that, 
among different resin composites, the composite material 
(Z250-microhybrid) with silica and zirconia content was 
harder. The microhardness of resin composites depends on 
several factors, such as the content of the resin matrix and 
the type and shape of the particle. Moreover, the hardness 
of resin composite is directly related to filler particles (48). In 
this context, the difference in material contents in our study 
reflects differences in hardness values.

One of the limitations of this study was the evaluation of the 
color and surface properties of resin composites using an in 
vitro methodological approach. Within the methodological 
limitations, we aimed to mimic the effects on resin materials 
of aging processes that may occur in the oral environment 
in a short time to estimate the clinical performance of 
the resin composites. However, various factors in the oral 
environment, such as saliva, temperature, pH, and brushing, 
can affect the long-term color stability, surface roughness, 
and hardness of resin composites. Further studies using 
different polishing and ageing methods should be conducted 
on resin composites. It should also be noted that flat sample 
surfaces were used in the present study, and in clinical 
practice, restorations created with resin composites consist 
of convex or concave irregular structures.

5. CONCLUSION

Within the limitations of this in vitro study, it was concluded 
that:

Composite type, finishing/polishing, and AAA had statistically 
significant effect on surface roughness and hardness. 
The Mylar strip groups had smoother surfaces and less 
discoloration than the polishing groups. The Optidisc (multi-
step) group exhibited more stain resistance and smoother 
surfaces than the Dimanto (one-step) group. Nanohybrid 
resin composite (IPS Empress Direct) and microhybrid resin 
composite (Universal Restorative 200) were associated with 
more favourable color changes and roughness values with 
Optidisc (multi-step) than with Dimanto (one-step). Polishing 
systems applied to composite materials increased the 
hardness values of the materials.
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ABSTRACT

Objective: This study was conducted to develop and test the psychometric properties of a “Diabetes Knowledge Scale for Adults.”

Methods: The sample for this research of methodological design consisted of 500 individuals, ages 18-90, who had presented at a state 
hospital in Istanbul during the period October 2018-April 2019 with or without a diagnosis of diabetes. Data for the study were collected with 
a “Sociodemographic Characteristics Descriptive Questionnaire” and the “Diabetes Knowledge Scale for Adults (DKSA).” The validity of the 
scale was evaluated with the content validity index and construct validity testing (exploratory, confirmatory factor analyses). Its reliability was 
assessed with KR-20 internal consistency analysis, item-total correlation testing, the item discrimination, item difficulty indexes, and test-retest 
analysis.

Results: The content validity index for the 28-item scale was found to be 0.92. The exploratory factor analysis revealed five subscales that explained 
62.15% of scale variance. The results of the confirmatory factor analysis, GFI= 0.88 CFI= 0.93, AGFI= 0.86, SRMR= 0.01 and χ²/ df = 2.43, confirmed 
a good and acceptable level of goodness of fit for the scale. The scale’s KR-20 reliability coefficient was 0.94, item-total correlations were above .45 
and the correlation between the test-retests administered two weeks apart was found to be r=0.99

Conclusion: DKSA is a valid and reliable scale that can be used to determine the knowledge level of between the ages of 18-90 adults about 
diabetes.
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Developing a Diabetes Knowledge Scale for Adults and its 
Psychometric Properties

1. INTRODUCTON

The rising frequency of diabetes around the world, its 
prevalence in every age group, its being among the leading 
five causes of death, and the high cost of lifelong treatment 
and monitoring makes this disease a global public health 
issue that has been accepted as an epidemic of the 21st 
century (1). The International Diabetes Federation (IDF) 
has reported that there were 463 million individuals with 
diabetes between the ages of 20-79 around the world in 
2019, signifying a prevalence of 9.3%. As in other parts of 
the world, the prevalence of diabetes is increasing in Turkey 
as well (2). According to the 2019 Diabetes Atlas, Turkey 
recorded the highest prevalence of diabetes in Europe, at a 
rate of 11.1%. Among the 6.6 million people with diabetes 
in Europe, Turkey has the third highest diabetic population 
after Germany and the Russian Federation (1). About 60,000 
deaths occur as a result of diabetes in Turkey each year, and it 
is reported that the disease is responsible for approximately 
one-forth of health expenditure. Additionally, it is asserted 

that approximately one-third of the country’s diabetics are 
diagnosed with retinopathy and more than half experience 
at least two diabetes-related complications, meaning that if 
urgent precautions are not taken, Turkey will be left face-to-
face with a diabetes crisis (2-3). All of these data indeed point 
to a compelling need for urgent measures.

Becoming knowledgeable about the causes of diabetes, 
the methods of prevention, its signs and symptoms, early 
diagnosis and treatment options is an effective approach 
not only for the management of the disease but also for the 
vital issue of cost efficiency (4-5). About half of individuals 
with diabetes are not aware of their condition (1,6) The 
state of having inadequate knowledge about diabetes has an 
adverse effect on diabetes prevention and self-care behavior 
(4-5,8). Researchers have reported in various national and 
international studies that individuals either lack adequate 
knowledge or possess erroneous or deficient information 
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about diabetes (4-8). It is because of this that there is a need 
to assess the knowledge of individuals about diabetes.

 It was seen in the scan of the literature that Fitzgerald et 
al. had developed a Diabetes Knowledge Test (DKT) that was 
revised as the Diabetes Knowledge Test 2 (DKT-2) in 2016 
DBT-2 is a tool for assessing the general knowledge of both 
Type 1 and Type 2 diabetics about diabetes; it consists of 14 
items with an additional 9 items evaluating the individual’s 
use of insulin, 23 items in all (9). Various tests assessing 
diabetes knowledge were discovered in the literature 
(4,8,10,11-12). It was noted that most of these tests were 
developed and used for individuals who had received a 
diagnosis of diabetes.

The Turkish literature also revealed that evaluations had 
generally been made of the knowledge about diabetes of 
adults who had been diagnosed with diabetes (13). No 
instrument was encountered in the literature, however, that 
assessed the diabetes knowledge of individuals who had not 
been diagnosed with the illness. It was for this reason that 
the need was recognized for a valid and reliable measure that 
would assess the level of adults’ diabetes knowledge. This 
study aimed to develop a Diabetes Knowledge Scale for Adults 
(DKSA) that could be easily used to make an assessment.

Research Questions

1.	 Is the Diabetes Knowledge Scale for Adults a valid 
instrument?

2.	 Is the Diabetes Knowledge Scale for Adults a reliable 
instrument?

2. METHODS

The study was conducted in methodological research design.

2.1. Ethical Considerations

Permission for the conduct of the study was obtained from a 
University Ethics Committee (04.06.2018-164). The required 
permissions were also received from the hospital in which 
the study would be conducted (11.09.2018.556.07146-
604.01.01-E.4857) and from the Istanbul Provincial Health 
Directorate (12.09.2019 – 16867222-604.01.01-E.2752). The 
written consent of the study participants was received prior 
to the start of data collection.

2.2. Participants

The study universe consisted of adults presenting for health 
services at a state hospital located in Eyüpsultan, Istanbul over 
the period October 2018 – April 2019. During this period, the 
individuals applying to the hospital were informed about the 
nature of the study and invited to participate in the research. 
It is stated in the literature that in scale development 
studies, the sample must be 10 times the number of scale 
items (14). In the development and testing of the scale 
and its psychometric features in our study, the draft of the 

scale comprised 49 items. The study universe was made 
up of individuals who matched the inclusion criteria–198 
individuals (Group 1: those diagnosed with diabetes) and 302 
individuals (Group 2: those not diagnosed with diabetes), 
totaling 500 (N=500) adults. Of the 302 adults who were 
not diagnosed with diabetes, 50 had a chronic disease 
(hypertension, etc.) other than mental or psychological 
problems, and 252 did not have any health problems. They 
were healthy individuals who came to the hospital with the 
patient as a companion. The inclusion criteria were being 
age 18 or older, not having any barrier to communication, 
not have a diagnosed neurological, psychiatric or dementia 
disease, knowing how to read and write, and being willing to 
participate in the study.

To test the stability of the scale over time, a retest was 
administered to 30 individuals two weeks after the initial 
test.

The mean age of the participants was 44.1±17.06; 68.6% 
were women, 39.6% were diagnosed with diabetes, 10% 
were diagnosed with a chronic disease other than diabetes, 
and 50.4% were healthy. According to Body Mass Index (BMI) 
classification, 2.4% were underweight, 41.8% were of normal 
weight, 37.8% were overweight and 18.0% were obese (WHO 
BMI). Among the participants, 65.3% were married; 39.4% 
had an education of only five years or less, 23.0% had gone 
to school for 8-11 years, 37.6% had an education of 15 years 
or more. There was a diagnosis of diabetes in the families of 
31.8%.

2.3. Instruments

The study data were collected with a 20-item closed-ended 
questionnaire on sociodemographic characteristics and 
routine habits, and the Diabetes Knowledge Scale for Adults 
(DKSA).

2.4. Creating the Item Pool

The item pool yielded the creation of a 49-item scale based on 
the literature (9-12,15) in which basic information about the 
definition of diabetes, symptom findings of diabetes, blood 
glucose measurement values (laboratory findings), diabetes 
risk factors, diabetes complications were questioned. This 
scale items does not include any detailed information about 
insulin administration, medications, diet, exercise and 
foot care in type 1 diabetes. While creating the scale item 
pool on the opinions and suggestions collected from the 
President of the Diabetes Nursing Association of Turkey, the 
diabetes nurses working at the hospitals, academic nurses 
working at the universities, and Physicians Specialized in 
Internal Diseases. The 49-item scale was sent to a group 
of experienced specialists, experts in their field, to test its 
content validity. The data collected from the specialists were 
tested by using Polit and Beck’s content validity index (16). 
Lastly, a linguist was asked to make an evaluation, after which 
the draft instrument was given its final form. The draft of the 
scale was evaluated in a pilot study conducted with 50 adults. 
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It was seen that the instrument could be administered in 15-
20 minutes. It was decided that the data would be collected 
by the lead researcher in the patient training room of the 
hospital.

Since the scale was developed to measure knowledge scoring 
was based on two sets of items whose responses would be 
true or false. The options of Yes / No / I don’t know were 
given; those who answered correctly were afforded 1 point, 
those who responded incorrectly were given 0 points. The 
third and sixth items were scored in reverse. The maximum 
possible score on the scale was 49; the minimum was 0.

2.5. Statistical Analysis

The data collected were evaluated on the SPSS 22.0 computer 
program and with the Amos 16 software. The descriptive 
analysis of the data used frequencies, percentages, means 
and standard deviation in the testing. Validity analysis was 
performed using the Content Validity Index (CVI), Kaiser-
Meyer-Olkin and Barlett’s tests, Exploratory Factor Analysis 
(EFA) and Confirmatory Factor Analysis (CFA). Reliability 
analysis was performed using Pearson’s and Spearman’s 
correlation analyses, Kuder-Richardson-20 (KR-20) analysis 
and the item difficulty index. The results were found to be 
in the 95% confidence interval; the level of significance was 
accepted to be p<0.05.

3. RESULTS

3.1. Results of the Validity Analysis of the Scale

After the opinions of 10 experts were reviewed, it was found 
that the Content Validity Index was .92.

In the Principal Components Analysis, it was found that the 
Diabetes Knowledge Scale for Adults demonstrated a Kaiser-
Meyer-Olkin (KMO) value of .94, indicating that the sample 
size was suitable for factor analysis. The result of Bartlett’s 
Test indicated statistical significance (p=.00).

3.2. Exploratory Factor Analysis (EFA)

The results of the varimax rotation analysis showed that the 
scale could be divided into seven subscales, each with an 
eigenvalue greater than +1. In the calculation of the factor 
loadings, it was seen that the factor loadings of all items 
amounted to .41 and above. The factor analysis showed that 
according to the item factor loadings (±.20), there were 22 
overlapping items (3, 4, 5, 6, 7, 15, 16, 18, 19, 21, 22, 25, 26, 
27, 28, 30, 31, 38, 39, 40, 43, 44), and therefore these were 
removed from the scale (Table 2). After these 22 items were 
removed, the remaining 28 were subjected to an EFA, which 
showed that the scale had five subscales that explained 
62.15% of total variance (Table 1).

Table 1. Items Deleted according to the exploratory factor analysis 
of the diabetes knowledge scale for adults

No Item x- sd Rjx α α 1

3 Insulin is a hormone secreted 
by the pancreas.

.496 .500 .654 .361 .385

4 Insulin is a hormone that 
lowers blood glucose.

.528 .500 .586 .390 .508

5 Type 1 diabetics need to take 
insulin all their lives.

.312 .464 .515 .308 .471

6 Type 2 diabetics do not need to 
take insulin all their lives.

.264 .441 .475 .410 .493

7 Diabetes can be seen in 
pregnancy.

.502 .501 .658 .400

15 Measuring blood glucose 
at home is important in the 
management of diabetes.

.642 .480 .670 .392 .406

16 Exercising helps to lower blood 
glucose.

.624 .485 .687 .351 .486

19 The risk of diabetes is high in 
those with diabetes in their 
family or relatives.

.680 .467 .711 .434

21 The risk of diabetes is high in 
the overweight.

.686 .465 .664 .544 .330

22 The risk of diabetes is high in 
people with an excess of blood 
lipids.

.490 .500 .594 .302 .340

25 The risk of diabetes is high in 
people under stress.

.520 .500 .587 .516

26 Smokers are at high risk of 
diabetes.

.338 .474 .467 .401 .433

27 People who don’t eat a healthy 
diet are at high risk of diabetes.

.658 .475 .678 .348 .491

28 The risk of diabetes is high in 
people who live sedentary lives.

.656 .476 .667 .432 .465

30 The risk of diabetes is high in 
people with hypertension.

.290 .454 .488 .445 .423

31 The risk of diabetes is high in 
people who have low blood 
sugar a little while after eating.

.356 .479 .567 .431 .502

38 Widespread itching in the body 
is one of the symptoms of 
diabetes.

.362 .481 .525 .324 .407

39 Weight gain or loss is one of the 
symptoms of diabetes.

.540 .499 .658 .319 .330

40 Fatigue and tiredness is one of 
the symptoms of diabetes.

.550 .498 .654 .488

43 If diabetes is not managed well, 
it can lead to hypoglycemia.

.488 .500 .641 .331 .309

44 If diabetes is not managed 
well, it can lead to wounds in 
the feet.

.646 .479 .745 .315 .357

x-=Mean item score, sd= Item standard deviation, rjx=Item-total score 
correlations, α=Item factor loading, α1=Factor loading when item is 
removed
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3.3. Results of Factor Item Analysis of the Subscales

General knowledge about diabetes; this subscale assesses 
how much general

information an individual has about diabetes and consists of 
six items, of which two are wrong (3 and 6. item) four are 
right (1, 2, 4 and 5. item). The factor loadings of the items 
varied between .43-.72.

Blood glucose measurement values; are indicators of an 
individual’s fasting and

postprandial blood glucose. This sub-dimension is made 
up of five correct statements (items 7, 8, 9, 10, 11) and the 
factor loadings of the items varied between .70-.82.

Diabetes Risk Factors; measures an individual’s knowledge 
about their risk of

developing diabetes. This sub-dimension is made up of four 
statements (items 12, 13, 14, 15). The factor loadings of the 
factor items varied between .39-.73.

Symptoms of Diabetes; This measures the individual’s 
knowledge of the signs and

symptoms of diabetes. The entire subscale is made up of 
eight correct statements (items 16,17,18,19,20,21,22 and 
23) and the factor loadings of the items varied between .50-
.92.

Diabetes Complications; this assesses the individual’s 
knowledge about the detrimental

effects of diabetes on the organs and tissues of the body. The 
entire subscale is made up of five correct statements (items 

Table 2. Validity and reliability analyses of the diabetes knowledge scale for adults
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8 3 Diabetes is congenital, it does not develop afterwards (Y) .556 .497 .500 .572
9 4 Diabetes is a lifelong disease. .498 .500 .498 .552
10 5 There is no treatment for diabetes, but the disease can be kept under control. .560 .491 .584 .708
11 6 Diabetes is a contagious disease. (Y) .680 .457 .450 .722
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12 7 Fasting blood glucose should be between 70-100 mg/dl. .486 .487 .737 .800

13 8 Postprandial blood glucose should be below 140 mg/dl. .388 .500 .721 .828
14 9 Postprandial blood glucose should be measured 2 hours after the first bite of the meal. .474 .464 .657 .730
17 10 The hemoglobin A1c (HbA1c) count provides data on the level of blood glucose in the last 3 months. .314 .499 .639 .743

18 11
A diagnosis of diabetes is made on the basis of a blood glucose of 126 mg/dl or over after at least 8 
hours of fasting.

.298 .457 .553 .703
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) 20 12 Diabetes risk is high at age 40 and above. .474 .391 .472 .398

23 13 The risk of diabetes is high in women who deliver babies of 4 kg and over. .298 .457 .602 .725
24 14 The risk of diabetes is high in pregnant women with high blood glucose. .438 .496 .617 .637
29 15 The risk of diabetes is high in people who have had an infectious (microbial) disease. .188 .499 .476 .733
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32 16 Extreme thirst, drinking lots of water is one of the symptoms of diabetes. .686 .496 .747 .754

33 17 Frequent urination is one of the symptoms of diabetes. .632 .460 .790 .923
34 18 Frequent urination during the night is one of the symptoms of diabetes. .588 .482 .747 .831
35 19 Increased appetite, overeating is one of the symptoms of diabetes. .560 .499 .649 .628
36 20 Blurred vision is one of the symptoms of diabetes. .470 .470 .595 .507
37 21 Slow healing of cuts and wounds is one of the symptoms of diabetes. .640 .480 .719 .577
40 22 Fatigue and tiredness is one of the symptoms of diabetes. .550 .497 .782 .569
41 23 A dry mouth is one of the symptoms of diabetes. .670 .492 .782 .759
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) 45 24 If diabetes is not managed well, it may cause a deterioration of kidney functions. .640 .499 .783 .690

46 25 If diabetes is not managed well, it may cause eye diseases that may even lead to the loss of sight. .670 .495 .786 .600
47 26 If diabetes is not managed well, it will cause hypertensive diseases. .472 .470 .658 .803
48 27 If diabetes is not managed well, it will cause cardiovascular diseases. .572 .480 .805 .816
49 28 If diabetes is not managed well, it will cause loss of body parts (particularly hands and feet). .612 .487 .741 .556

x‾=Mean item score, sd=standard deviation, rjx=Item-total score correlations, α=Item factor loading,
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24, 25, 26, 27, 28) and the factor loadings of the items varied 
between .55-.81.

For all sub-dimensions of the scale; the higher the score, the 
greater the individual’s knowledge about the diabetes (Table 
2).

3.4. Confirmatory Factor Analysis (CFA)

The confirmatory factor analysis showed that the calculated 
value of the Chi-Square goodness of fit test was 818.998. 
Dividing the chi-square value by the degree of freedom 
yielded 2.43. This value was below three and therefore 

showed excellent fit. When the other fitness indexes were 
calculated, the Goodness of Fit Index (GFI) was found to be 
.93. The Adjusted Goodness of Fit Index (AGFI) was calculated 
as .86. The Comparative Fit Index (CFI) was .93. The Non-
normed Fit Index (NNFI) was .90. A Root-Mean-Square 
Residual (RMR) of 0.05 or below (.01) indicates excellent fit. 
The RMSA was found to be .54.

A diagram of the model revealed at the end of the CFA can 
be seen in Figure 1.

According to the results of the CFA, it was found that all of the 
items in the scale significantly represented the dimensions 
they were meant to represent (Figure 1).

Figure 1. The Diabetes Knowledge Scale for Adults Path Diagram and Standardized Analysis Results
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3.5. Reliability Analysis Results

A KR-20 reliability coefficient of .94 was found for the overall 
scale.

In the general diabetes knowledge dimension, the KR-20 
alpha value was found to be .78; item-total score correlations 
varied between .45 and .62.

In the blood glucose measurement dimension, the KR-20 
alpha value was .85, item-total correlations varied between 
.55-.73.

In the diabetes risk factors dimension, the KR-20 alpha value 
was .74 and item-total correlations varied between .47-.61.

In the diabetes symptoms dimension, the KR-20 alpha value 
was .91 and item-total correlations varied between .59-.79.

In the diabetes complications dimension, the KR-20 alpha 
value was .90 and item-total correlations varied between 
.65-.80 (Table 2).

3.6. Stability over time (test-retest)

Pearson’s Correlation Analysis calculated following the retest 
after two weeks as from the first administration of the test 
indicated r=.98; p=.00. Statistically, a strong, significant 
and positive correlation was found between the two 
measurements.

4. DISCUSSION

At the end of this methodologically designed research, 
a Diabetes Knowledge Scale for Adults was developed 
containing 28 items and five subscales for assessing 
knowledge about diabetes symptoms, general knowledge of 
diabetes, blood glucose measurements, diabetes risk factors, 
and diabetes complications. The analyses showed that the 
scale was valid and reliable.

Content validity and construct validity analyses are the most 
commonly employed means of testing validity (17). In this 
study, we tested for content and construct validity (EFA and 
CFA).

Content Validity Index (CVI): Polit and Beck’s (2006) CVI was 
used in this study (16). The scale items were presented to 10 
experts for their views. In this method, the experts are asked 
to rate each item on the basis of 1-4 with 1 signifying “not 
appropriate,” and 4 meaning “very appropriate.” The number 
of experts rating each item 3 or 4 divided by the total number 
of raters leads to the calculation of CVI for both the item 
and the overall scale. For the scale or item to show content 
validity, CVI must be .80 or above 1(16). Since the scale and 
its items had CVI values of 0.92, it was concluded that there 
was a high level of content validity.

Construct validity testing is used to determine what a scale 
measures and what the scores of the study participants 
signify. To decide whether the construct validity data are 
suitable for factor analysis, the Kaiser-Meyer-Olkin (KMO) 

coefficient is expected to be over .60 and Barlett’s test must 
indicate significance (18). In this study the KMO coefficient 
was .94, which showed that the sample size was at a very 
good level for factor analysis (19). Bartlett’s test was at a 
significance level of p=.00, which meant that there was high 
correlation between the scale variables and the data were of 
multivariate normal distribution (18,20).

Factor analysis is performed as exploratory and confirmatory 
factor analysis. Eigenvalues in exploratory factor analysis 
are used to explain the percentage of factor variance and 
to decide on the number of subscales (17). In this study, 
the EFA results showed that the eigenvalue of the scale was 
greater than +1 and was distributed in seven subscales. It is 
recommended in exploratory factor analysis that the lower 
limit on factor loadings is kept at a high level. Because of this, 
the lower limit for the scale’s item factor loadings was kept 
at .40 and the overlap limit was accepted as – .20 (21). After 
the factor analysis, 22 items with overlapping factor loadings 
were removed from the scale and a repeated EFA resulted in 
5 subscales and a 28-item scale.

It was seen in the DKSA that was developed that the five 
factors explained 62.15% of total variance. The high level 
of variance showed that the scale was able to make a good 
measurement of the concept.

The factor loading in Exploratory Factor Analysis is 
represented by a coefficient that explains the relationship 
of the item with the various factors and is related to sample 
size; a factor loading of .60 and over is considered a high 
factor loading regardless of its direction (21). In this study, 
the item factor loadings were between .39 and .92, pointing 
to moderate and high factor loading. In this study, the results 
of the confirmatory factor analysis of DKSA were found to be 
statistically acceptable.

The data obtained as a result of the confirmatory factor 
analysis are examined with goodness of fit statistics to find 
whether or not they acceptably support the model (14, 21).

If dividing one of the goodness of fit statistics, the chi-
square value by degree of freedom, as recommended in the 
literature, results in three or less, this indicates that the model 
is an excellent fit. Chi-square/degree of freedom in this study 
came out to 2.43. This indicated an excellent model fit (22).

In terms of other frequently used goodness of fit statistics, 
a RMSEA value equal or less than .08, a RMR value of less 
than .10, CFT, NNFI values equal to or greater than .90, an 
AGFI value equal to or greater than .80 indicates satisfactory 
fit (23).

The values above the arrows between the factors and items 
are standardized factor loadings; a statistic of at least .30 or 
over is recommended (21).

The standardized factor loadings of all of the items in DKSA 
were found to be in the range of .52-.87 (Figure 1). It was 
seen accordingly that all of the scale items were related to a 
subscale and appropriately represented it.
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The most commonly used techniques to assess the reliability 
of a scale are internal consistency (KR 20-21, Cronbach’s 
alpha), item-total score correlations, and test-retest reliability 
(25).

Internal consistency analysis is performed to assess whether 
the statements in an instrument are consistent with each 
other. In internal consistency analysis, the aim is to find 
out whether the items can measure a specified conceptual 
construct (14). It is expected that reliable instruments will 
show a high level of internal consistency. In the literature, 
the internal consistency coefficient is said to indicate that the 
scale is not reliable when it is .00 ≤ α < .40, of low reliability 
when it is .40 ≤  α  < .60, of satisfactory reliability when it 
is .60 ≤  α < .80, and highly reliable when the coefficient is 
.80 ≤  α  < l.0 (24). The total KR-20 reliability coefficient for 
DKSA was .94; these values in the subscales varied in the 
range of .74 – .91 It can be seen that the scale displayed a 
high degree of reliability. Revised diabetes knowledge scale 
developed by Colins et al. Cronbach’s alpha value is .71. 
Brief Diabetes Knowledge Test developed by Fitzgerald, et al. 
(2016) Cronbach’s alpha value was found ≥.77. In our study, 
the Cronbach’s alpha value was found to be higher than both 
studies.

The desired item-total correlation coefficient is a value 
between .20 – .25 (19). An item-total correlation of .30 
and above, it is reported, indicates that the statements 
can discriminate between individuals (14,18). In this study, 
the item-total correlation coefficients were above .45 and 
therefore the analysis indicated that all of the scales were 
valid tools of measurement.

Item correlations with the total knowledge test score ranged 
from .23 and .45 on the Revised Diabetes Knowledge Scale. 
In this study, the item-total correlation (.45) coefficients were 
above (10).

Assessment of items relative to the item difficulty index: 
The most frequently used techniques of item analysis are 
Item Difficulty and Item Discrimination Analyses. The item 
difficulty index is used when items have more than 1 possible 
responses (25).

The test-retest method is a way of assessing whether the 
measurements taken with the same scale are consistent 
over time (18). Although the variable may change between 
two measurements according to the particular feature being 
measured and the sample, it is expected that an interval of 
two-four weeks is enough to trace a significant correlation 
between the results; the coefficient should be positive and 
at least .70 (14). In the present study, there was a statistically 
positive and strong significant correlation between the two 
measurements taken of the individuals two weeks apart (r 
=.99; p=.00). The strong and positive correlation between the 
mean scores on the test and retest showed that the scale 
showed stability over time and reliability was high.

5. CONCLUSION

DKSA is a valid and reliable scale that can be used to 
determine the knowledge level of between the ages of 18-90 
adults about diabetes.

The Adult Diabetes Knowledge Scale, which was developed 
for the first time in Turkey with this study, and the scale has 
28 items and five sub-dimensions. The items of the scale 
are answered as “Yes”, “I don’t know”, “No”. Those who 
give correct answers receive “1” points, and those who 
answer incorrectly and “I don’t know” receive “0” points. 
Higher scores indicate higher knowledge about diabetes. 
DKSA, evaluates the definition of diabetes, basic information 
about diabetes, diabetes symptom findings, blood glucose 
measurement values (laboratory findings), diabetes 
complications.

It might also be suggested that the scale that has been 
developed can be applied to different samples and in further 
experimental studies that will shed light on the efficacy of 
training interventions.

What is the contribution of this article to the application?

•	 The scale developed in this study was ​can be used in 
reducing the physical and moral burden diabetes places 
on the shoulders of individuals, families and the country, 
in fighting the global diabetes epidemic, and in increasing 
awareness in the community about the disease.

•	 The scale can be applied to healthy individuals at 
primary care facilities and to those applying to diabetic 
clinics and can be used as a guide to identify levels of 
knowledge about diabetes, gaps in knowledge and to 
facilitate the creation of education programs in this area.

•	 Scale can be administered before or after training as a 
pre – and post-test to provide information about the 
effectiveness of the education.

REFERENCES

[1]	 Saeedi P, Salpea P, Karuranga S, Petersohn I, Malanda B, Gregg 
EW, Unvin N, Wild SH, Williams R. Mortality attributable to 
diabetes in 20–79 years old adults, 2019 estimates: Results 
from the International Diabetes Federation Diabetes Atlas. 
Diabetes Res Clin Pract. 2020; 162, 108086.

[2]	 Satman I, Omer B, Tutuncu Y, Kalaca S, Gedik S, Dinccag N, 
Karsidag K, Genc S, Telci A, Canbaz B, Turker F, Yilmaz T, Cakir 
B, Tuomiletho J. Twelve-year trends in the prevalence and risk 
factors of diabetes and prediabetes in Turkish adults.  Eur J 
Epidemiol. 2013; 28 (2):169–180.

[3]	 Burki T. Country in Focus: diabetes prevalence on the rise in 
Turkey. Lancet Diabetes Endocrinol. 2016; 4 (5):391.

[4]	 Al-Qazaz HK, Sulaiman SA, Hassali MA, Shafie AA, Sundram 
S, Al-Nuri R, Saleem F. al. Diabetes knowledge, medication 
adherence and glycemic control among patients with type 2 
diabetes. Int J Clin Pharm. 2011; 33 (6):1028–1035.



718Clin Exp Health Sci 2022; 12: 711-718 DOI: 10.33808/clinexphealthsci.1014888

Diabetes Knowledge Scale for Adults Original Article

How to cite this article: Erenel Yavuz K, Erol S. Developing a Diabetes Knowledge Scale for Adults and its Psychometric Properties. Clin 
Exp Health Sci 2022; 12: 711-718. DOI: 10.33808/clinexphealthsci.1014888

[5]	 Zowgar AM, Siddiqui MI, Alattas KM. Level of diabetes 
knowledge among adult patients with diabetes using diabetes 
knowledge test. Suadi Med J. 2018; 39(2):161-168

[6]	 Cosansu G. Diabetes: a global pandemic disease. Okmeydanı 
Tıp Dergisi, 2015; 31(Additional Issue):1-6.

[7]	 Trikkalinou A, Papazafiropoulou AK, Melidonis A. Type 2 
diabetes and quality of life. World J Diabetes. 2017;8(4): 120-
171.

[8]	 Dussa K, Parımalakrıshnan S, Sahay R. Assessment of diabetes 
knowledge using diabetes knowledge questionnaire among 
people with type 2 diabetes mellitus. Asian J Pharm Clin Res. 
2015; 8 (2): 254-256

[9]	 Fitzgerald JT, Funnell MM, Anderson RM, Nwankwo R, 
Stansfield RB, Piatt GA. Validation of the revised brief diabetes 
knowledge test (DKT2). Diabetes Educ. 2016; 42(2): 178-187.

[10]	 Collins GS, Mughal S, Barnett AH, Fitzgerald JT, Lloyd CE. 
Modification and validation of the Revised Diabetes Knowledge 
Scale. Diabet Med. 2011; 28: 306-310.

[11]	 Eigenmann CA, Skinner T, Colagiuri R. Development and 
validation of a diabetes knowledge questionnare. Practice 
Diabetes Int. 2011;28(4): 166-170.

[12]	 Garcia AA, Villagomez ET, Brown SA, Kouzekanani K, 
Hanis CL. The Starr County Diabetes Education Study: 
Development of the Spanish-language diabetes knowledge 
questionnaire. Diabetes care. 2001; 24(1): 16-21.

[13]	 Olgun N, Yalın H, Demir H. Diagnosis and risk determination of 
diabetes dealing with diabetes. The Journal of Turkish Family 
Physician, 2016; 2 (2): 41-49.

[14]	 Erdogan S, Nahcivan N, Esin MN. Research Process in Nursing, 
Application and Critical. 2th ed. Nobel Medicine Book Houses; 
2014. Data collection methods and tools & reliability and 
validity of data collection tools; P.195-232

[15]	 Fitzgerald JT, Funnell MM, Hess GE, Barr PA, Anderson RM, Hiss 
RG, Davis WK. The reliability and validity of a brief diabetes 
knowledge test. Diabetes care, 1998; 21(5): 706-710.

[16]	 Polit DF, Beck CT. The content validity index: are you sure you 
know what’s being reported? critique and recommendations. 
Res Nurs Health. 2006; (29): 489–497.

[17]	 Buyukozturk S, Cakmak EK, Akgun OE, Karadeniz S, Demirel 
F. In education scientific research methods. 30 th ed. Pegem 
Academy Publishing; 2021.

[18]	 Buyukozturk S. Data analysis handbook for social sciences, 
statistics, research design, SPSS applications and interpretation. 
28th ed. Pegem Academy Publishing; 2020.

[19]	 Whitehead D. Nursing and Midwifery Research: Methods 
and Appraisal for Evidence-Based Practice. 4th ed. Australia: 
Elseiver; 2013.

[20]	 Z Schneider, D Whitehead. Nursing and midwifery research: 
Methods and appraisal for evidence based practice. 5th ed. 
Australia: Elsevier; 2016.

[21]	 O Cokluk, G Sekercioğlu, S Buyukozturk. Multivariate statistics 
for social sciences: SPSS and LISREL applications. 5th ed. 
Ankara: Pegem Akademi; 2018.

[22]	 Karakoc FY, Donmez L. Basic principles of scale development. 
World of medical education, 2014; 40: 39-40.

[23]	 Ilhan M, Cetin B. Comparing the analysis results of the 
structural equation models (SEM) conducted using LISREL and 
AMOS. Journal of measurement and evaluation in education 
and psychology, 2014; 5(2): 26-42.

[24]	 Y Karagoz. SPSS – AMOS – META applied istatistical analysis. 
2th ed. Ankara: Nobel Academic Publishing; 2019.

[25]	 Hasancebi B, Terzi Y, Kuçuk Z. Distractor analysis based on 
item difficulty index and item discrimination index. Journal 
of Gumushane University Graduate School of Natural and 
Applied Sciences, 2020;10 (1): 224-240.



Clinical and Experimental 
Health Sciences

Copyright © 2022 Marmara University Press
DOI: 10.33808/clinexphealthsci.1014872

Clin Exp Health Sci 2022; 12: 719-724
ISSN:2459-1459

 
ABSTRACT

Objective: Evaluation of the epidemiological and clinical features of pediatric open globe injury.

Methods: Medical records of 51 patients under the age of 18 who presented to the emergency department with open globe injury (OGI) 
between 2009 and 2021 were evaluated retrospectively. Patient demographics, Birmingham Eye Trauma Terminology (BETT) category, pediatric 
ocular trauma score (POTS), visual acuity (VA), site of injury, and seasonal distribution were evaluated.

Results: Of all patients included, 40 (78.4%) were male, 11 (21.6%) were female, and the mean age was 9.6±5.2 years. Zone I injury was 
detected in 31 (60.8%) patients. The most common cause of injury was sharp objects such as metal or wood splinters. Of all injuries, 29 (56.9%) 
occurred outdoors. Ocular trauma occurred more frequently in boys, especially in the summer months. Initial VA was less than 0,1 in 21 (41.2%) 
of the patients, between 0.1-0.5 in 9 (17.6%) and 0.6 and above in 5 (9.8%) patients. At the final visit, VA was less than 0.1 in 9 (17.6%) patients, 
0.1-0.5 in 10 (19.6%) patients, and 0.6 and above in 18 (35.3%) patients. Final VA was related to the Zone and was lower as the Zone increased 
(p:0.011). VA and POTS scores were positively correlated at the final visit (p=0.001).

Conclusion: It is substantial for emergency physicians to have a comprehensive understanding of pediatric globe injuries so that children with 
suspected ocular trauma should be evaluated by an ophthalmologist to prevent medicolegal problems.
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1. INTRODUCTION

Globe injury is an important health problem causing globe 
deformities and visual impairment leading to psychological 
and sociological effects worldwide (1). According to a 
previous study, approximately 1.6 million people are blind, 
2.3 million people have bilateral visual impairment, and 19 
million people have unilateral vision loss due to eye trauma 
(2). Globe injury accounts for 7% of all bodily injuries and 10-
15% of all ocular pathologies (3). Ocular trauma is one of the 
leading causes of unilateral vision loss and non-congenital 
unilateral blindness in children (4). Poor visual outcome is 
a result of amblyopia due to prolonged visual deprivation 
besides the damage to the ocular structures leading to vision 
loss (5).

Children are more prone to ocular injuries as a result 
of immature motor skills and limited experience since 
they are driven by curiosity and may impersonate others 
neglecting the risks and outcomes of a certain activity (6). 
The diagnosis and treatment of pediatric ocular injuries have 
their challenges due to the uncooperative nature of children 
to the ophthalmic examination and poor compliance to the 

treatment (1). Population-based studies on pediatric globe 
injury have revealed that two-thirds of these traumas in 
children occur at home and are closed globe trauma in boys 
(7, 8). However, severe visual impairment is mainly due to 
open globe injuries (9). Traumatic globe injury in children is 
a significant socioeconomic problem as it requires long-term 
follow-up and treatment. Furthermore, it affects the social, 
emotional, and psychological development of the child 
along with the caused physical disability. Previous studies 
on pediatric eye injuries suggested that up to 90% of eye 
injuries can be prevented with better education, supervision 
of children’s activities, and proper protective eyewear (10). 
Therefore, defining the risk factors and taking preventive 
measures is beneficial to reduce perilous outcomes of globe 
injuries in children.

The aim of this study is to describe the epidemiology and 
characteristics of globe injuries in children over a 12-year 
period who applied to our clinic. The study also evaluates 
the frequency and causes of eye injuries in children and the 
main factors associated with the occurrence of these injuries 
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therefore we aim to offer specific recommendations for the 
formation of primary prevention measures. The results of 
the study will provide data in terms of prospective follow-up 
and prognosis by comparing the type and cause of trauma, 
surgery, and treatment with the findings of follow-up 
examination.

2. METHODS

This retrospective study consisted of medical records of 51 
patients younger than 18 years of age who were referred to 
the Department of Ophthalmology, which is located in the 
central Anatolian region and provides tertiary healthcare 
services for the surrounding cities, with traumatic globe 
injury between January 2009 and March 2021. The study 
was approved by the administration and the local ethics 
committee of Sivas Cumhuriyet University Faculty of 
Medicine on 10/03/2021 with the number 2021-03/20 and 
carried out in accordance with the principles outlined in 
the Declaration of Helsinki. The medical records of patients 
were reviewed and the data including epidemiological 
characteristics such as age and gender, laterality, cause of 
injury, zone of injury, place of injury, the initial and final best-
corrected VA with Snellen, anterior and posterior segment 
findings, and seasonal distribution were noted. Pediatric 
penetrating ocular trauma score (POTS) was calculated for 
each patient (3). The raw points for each variable affecting 
POTS is presented in Table 1. The following equation: 2 × (age 
+ location of injury) − corresponding pathologies was used 
to determine POTS for those whose initial VA was absent. 
The scores were utilized to divide patients into five groups. 
Group 1 being the poorest and Group 5 the best prognosis. 
The necessity for additional surgery (e.g. traumatic cataract 
removal) or any observed secondary complication following 
primary closure was also noted down. The OGI was classified 
as globe rupture, penetrating injury, perforating injury, 
and intraocular foreign body according to Birmingham Eye 
Trauma Terminology (BETT) (11). Zone of injury was classified 
according to Ocular Trauma Classification Group as follows: 
Zone I as wound involvement isolated to the cornea, Zone 
II as full-thickness wound including the sclera but no more 
posteriorly than 5 mm from the limbus, and Zone III as full-
thickness wound more than 5 mm posterior to the sclera 
(12). Patients with known systemic diseases, who have a 
history of any ocular pathology or surgery, who had major 
head trauma which might result in a negative impact on the 
visual pathways, and who had a follow-up period of less than 
3 months were excluded from the study.

2.1. Statistical Analysis

The data analysis was performed with Statistical Package 
for the Social Science (SPSS version 20.0. Armonk, NY: IBM 
Corp.) software for Windows. The normality of the data will 
be checked with the Kolmogorov-Smirnov test. Independent 
sample t-test for two independent groups and F-test (ANOVA) 
for more than two groups were used if parametric conditions 

were met., Tukey test will be used for those who provide 
the homogeneity assumption and Tamhane’s T2 tests for 
those who do not provide the homogeneity assumption to 
determine which group is different from the others when 
using ANOVA for comparisons with more than two groups. 
If any or all of the assumptions were not met, the Mann 
Whitney U test for two independent groups and the Kruskal 
Wallis test for more than two independent groups were used. 
Pearson correlation coefficient for parametrics and Spearman 
correlation coefficient for non-parametrics were used to 
determine the relationship between variables. In addition, 
regression analysis was performed to determine the effect. 
The Chi-square test was used to evaluate the categorical data. 
A value of p≤0.05 was considered statistically significant.

Table 1. Calculating the POTS and raw points for variables

Variables Raw Points
Initial visual acuity
       NLP 10
       LP/HM 20
       CF 30
       0.1-0.5 40
       0.6-1.0 50
Age (years)
       0-5 10
       6-10 15
       11-15 25
Wound location
       Zone I 25
       Zone II 15
       Zone III 10
Concomitant eye pathologies
       Iris prolapse -5
       Hyphema -5
       Organic/unclean injury -5
       Delay of surgery (>48 h) -5
       Traumatic cataract -10
       Vitreous haemorrhage -20
       Retinal detachment -20
       Endopthalmitis -30

POTS: Pediatric penetrating ocular trauma score, NLP: No light perception, 
LP: Light perception, HM: Hand motion, CF: Counting fingers. *POTS = 2 × 
(age + location of injury) − corresponding pathologies

3. RESULTS

The mean age of 51 patients was 9.6±5.2 years. The mean 
age was 10.7±5.0 in boys, and 5.6±4.0 in girls. There was a 
statistically significant increase in the male to female ratio as 
the age increased (p=0.02). Of 51 patients, 40 (78.4%) were 
male and 11 (21.6%) were female. Right eye was involved in 25 
of the cases where the remaining 26 injuries were left-sided. 
There was no statistically significant difference between the 
genders in terms of the laterality of the affected eye (p=0.8). 
Evaluation of the location of the injury revealed that 22 
(43.1%) were indoors and 29 (56.9%) were outdoors. Outdoor 
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injury was more common as the age increased. Regarding the 
cause of the injury, 19 (37.3%) were metal objects such as 
knives and scissors, 14 (27.5%) were wood, 6 (11.8%) were 
glass, 6 (11.8%) were stone, 4 (7.8%) were plastic, 1 (2%) was 
by finger, and 1 (2%) was by a sparkler. The demographics of 
the study population are summarized in Table 1. The most 
common zone of injury was Zone I and was observed in 31 
(60.8%) patients. Zone II injury occurred in 19 (37.3%) patients, 
and Zone III injury in only 1 (2%) patient. The distribution of 
the laterality of the injured eye and the zone of injury are 
given in Table 2. We observed that ocular trauma occurs 
more frequently in boys, especially in the summer months. 
Seasonal distribution of pediatric open globe injuries was 
given in Figure 1. Immediate primary suturing of the wound 
was performed under general anesthesia for all patients 
initially. Prophylactic intravenous cefuroxime sodium, topical 
moxifloxacine were administered following hospitalization. 
Postoperative intravenous antibiotic prophylaxis is continued 
for 3 consecutive days in total and topical antibiotics and and 
steroid eye drops steroids are tapered based on the findings 
of the biomicroscopic examination during follow-up. The 
mean VA was 0.18±0.28 at the initial examination increasing 
to 0.49±0.40 at the final visit. The increase in VA between 
the initial and the final ophthalmologic examination was 
statistically significant (p<0.001). The VA was below 0.05 in 
21 (41.2%) of the patients, between 0.1-0.5 in 9 (17.6%), 
and above 0.6 in 5 (9.8%) patients at the initial examination. 
However, we were not able to assess VA in 16 (31.4%) patients 
due to young age, incompliance to examination, or agitation. 
The initial, postoperative day 1, and final VA of the patients 
were presented in Table 3. The mean calculation using raw 
points for POTS was 64.8±19.4 and the mean POTS was 
2.7±1.2. The majority of children (66.7%) were in either Group 
2 or 3 regarding POTS. The mean follow-up time was 16±13.5 
months (3-36 months). A total of 4 (7.8%) patients required 
vitrectomy. Surgical removal of an intraocular foreign body 
was performed in 6 patients. Traumatic cataract was present 
in 13 (25.5%) patients at the initial examination. Additional 
6 patients either developed cataract subsequently or were 
observed to have cataract at the following examinations. A 
total of 19 (37.3%) patients underwent lensectomy and the 
mean time interval from primary suturing to lensectomy was 
62.6±170 days (1-730 days). Iris prolapse was observed in 8 
(15.7%) patients, hyphema in 7 (11.8%), vitreous prolapse 
in 4 (7.8%), iridodialysis in 1 (2%), and vitreous hemorrhage 
in 1 (2%) patients at the initial ophthalmic examination. 
Enophthalmos secondary to orbital floor fracture was 
observed in 1 (2%) patient. Initial ocular examination findings 
concomitant with open globe injuries were summarized in 
Table 5. Following the primary suturing, retinal detachment 
was observed in 7 (13.7%) patients, vitreous hemorrhage 
in 6 (11.7%) patients, and hyphema in 3 patients on the 
postoperative first day. At the final visit, we were not able 
to assess VA in 14 (27.5%) patients due to young age or 
incompliance to examination. VA was below 0.05 in 9 (17.6%) 
patients, between 0.1-0.5 in 10 (19.7%) patients, and above 
0.6 in 18 (35.2%) patients. At the last visit, the following 
pathologies were observed; corneal scarring in 38 (74.5%) 

patients, retinal detachment in 7 (13.7%) patients, and 
synechia in 6 (11.8%) patients. A total of 13 (25.4%) patients 
were pseudophakic, 5 (9.8%) patients were aphakic, and 1 
(2%) patient had IOL dislocation. Seven children (13.7%) 
who had retinal pathologies such as retinal detachment and 
persistent vitreous hemorrhage were referred for pediatric 
retinal surgery. The final VA was found to be negatively 
correlated to the Zone as VA decreased while the Zone 
increased (p=0.011). Initial VA was positively correlated with 
the final VA (p=0.02). Also, there was a positive correlation 
between VA and POTS in children at the last visit (p=0.001). 
Traumatic cataract was found to be related with poor final 
VA (p=0.04).

Figure 1. Seasonal distribution of open globe injuries

Table 2. Demographics of the study population (n:51)

Mean±SD, n (%)
Age (years) 9.6±5.2
Gender Male 40 (78.4)

Female 11 (21.6)
Location of injury Outdoor 29 (56.9)

Indoor 22 (43.1)
Cause of injury Sharp objects 44 (86.2)

      Metallic 19 (37.3)
      Wood splinter 14 (27.5)
      Glass 6 (11.8)
      Plastic 4 (7.8)
      Body part (Nail) 1 (2)
Blunt objects 6 (11.8)
      Stone 6 (11.8)
Projectiles 1 (2)
      Firework 1 (2)

Table 3. Distribution of the laterality of the injured eye and the zone 
of injury

n (%)
Laterality of the globe injury (right/left) 25 / 26 49 / 51
Zone I 31 60.8
Zone II 19 37.3
Zone III 1 2
Total 51 100
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Table 4. The initial, postoperative day 1, and final visual acuity of 
the patients

Visual acuity (Snellen)
Initial
n (%)

Postoperative 
day 1
n (%)

Final
n (%)

>0.6 5 (9.8) 6 (11.8) 18 (35.2)
0.1-0.5 9 (17.6) 19 (37.2) 10 (19.7)
<0.05 21 (41.2) 19 (37.2) 9 (17.6)
Not specified 16 (31.4) 7 (13.8) 14 (27.5)
Total 51 51 51

Table 5. Initial ocular examination findings concomitant with open 
globe injuries

Examination finding n* %
Traumatic cataract 13 25.5
Iris prolapsus 8 15.7
Hyphema 6 11.8
Vitreus prolapsus 4 7.8
Iridodialysis 1 2.0
Synechia 1 2.0
Vitreous hemorrhage 1 2.0

*Total number of patients

4. DISCUSSION

Open globe injuries may cause visual impairment and at 
times result in blindness leading to lifelong morbidity. In 
the present study, the majority of the patients (78.4%) were 
male. Outdoor injury was more common (56.9%) and metal 
objects and wood were among the most frequent causes 
of injury. The most common zone of injury was Zone I and 
was observed in 31 (60.8%) patients. We also observed that 
ocular trauma occurs more frequently in boys, especially in 
the summer months. Presence of traumatic cataract, Zone 
II and III injury was observed to be in relation with poorer 
final VA.

In the literature, OGIs were reported to occur mostly in the 
male gender (13, 14). Our findings were similar with these 
studies reporting a 3.6:1 ratio. Soylu et al. evaluated the 
etiology of pediatric perforating eye injuries in southern Turkey 
and demonstrated a ratio of 2.6:1 (15). This preponderance 
might be explained by not only the brisk nature of boys but 
also due to greater physical contact compared to girls (16, 17). 
Similar to our findings, previous studies have also suggested 
no significant difference regarding the affected eye (18). Even 
though the open globe injuries are demonstrated to occur 
mostly at home (14), studies from developing countries 
suggest that outdoor injuries are more common (19, 20). 
Consistent with these studies, we found that most of the 
open globe injuries in our study occurred outdoors. We also 
observed that outdoor injury was more common as the age 
increased given the fact that older children are more likely 
to engage in outdoor activities without parental supervision 
compared to younger peers.

Previous studies have reported that injuries with sharp 
objects such as knives or scissors are the most common cause 

of globe injury in the pediatric population (21, 22). However, 
there are studies from Turkey indicating metal objects, 
pieces of wood or glasses are presumably the cause of injury 
(23-25). In our study, 86,2% of all injuries were caused by 
sharp objects in accordance with previous studies(14, 26). 
In the current study, the injuries due to sharp objects were 
mostly caused by metal objects, wood splinters, and glass. 
In addition, one of the 51 injuries was caused by projectiles 
such as fireworks. To protect children from hazardous injuries 
at home, objects like knives, scissors, and other sharp utensils 
should be kept in a drawer with a safety latch. Glass objects 
should be stored in a high cabinet far from reach. The cause 
of injury might not be determined at times when parents 
or caregivers were unable to witness the incident. Studies 
report various rates of unknown causes of injury yielding a 
percentage of 2.0%-13.4% (27). However, in our study cause 
of injury was determined in all patients.

Our findings demonstrated a seasonal alteration regarding 
OGI. The majority of the OGI occurred in the summer (45.1%) 
followed by injuries in autumn, spring, and winter (19.6%, 
17.7%, 15.7%, respectively). These findings are in accordance 
with other studies on eye injuries from Turkey (21, 28). 
Furthermore, studies from other countries including Croatia, 
China, and Canada have also reported a high percentage of 
eye injuries during summer months (10, 29, 30). Since the 
weather is cold, children spend most of their time in school 
under the supervision of their teachers and occupied with 
curricular activities such as homework during winter may 
explain the lower rates of injuries. However, children have 
the freedom to spend more unsupervised time outside and 
are thus exposed to potentially hazardous activities during 
summer.

Similar to previous studies, the majority of the injuries in 
our study were in Zone I (21, 31, 32). Complete ophthalmic 
examination and proper assessment may not be possible 
in the pediatric population especially in the emergency 
room settings. Therefore, the emergency physicians and 
ophthalmologists might be unable to determine the VA at the 
initial examination which is a vital parameter in estimating 
prognosis. In our study, we were unable to determine the 
initial VA in 35.2% of the patients. There are studies on OGI 
reporting various final VA below 0.1, which is described as 
legal blindness, ranging from 31% to 58% (13, 18, 33). In our 
study, the final VA was below 0.05 in 17.6% of the patients. 
This lower percentage might be explained by the unrecorded 
final VA in 27.5% of the study population.

It is acknowledged that IOP tends to fluctuate following 
complex ocular surgeries including the globe repair due to 
penetrating ocular injury. Aldahash et al. documented a final 
intraocular pressure (IOP) in %74 of the children with OGI (13). 
However, they did not report the IOP measurements after 
surgery. We also were unable to obtain IOP measurements 
after surgery due to lack of patient cooperation in our study 
population.

There have been controversial studies on the factors affecting 
the prognosis of OGI in which lens damage is described as one 
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of the poor prognostic factors yet other studies stated that it 
does not affect the visual outcome (22, 34). In our study, 13 
patients had traumatic cataracts followed by iris prolapsus 
in 8, and hyphema in 6 patients at the initial examination. 
In accordance with some of the aforementioned studies, we 
observed that the presence of lens damage such as traumatic 
cataract was associated with poor vision. In addition, corneal 
scars and irregular astigmatism as a consequence of ocular 
penetrating injury, may be considered as other causes of low 
final VA since the majority of the pediatric OGI implicate Zone 
I and II. Also, corresponding retinal pathologies due to ocular 
trauma may be among potentially sight threatining causes.

We were unable to obtain the initial VA from the medical 
records in 31.4% of the patients, which is essential for 
calculating the Ocular Trauma Score (OTS). Kuhn et al. 
designed the OTS to determine the potential final visual 
outcome in patients with eye injury (35). Even though it has 
been a substantial tool to evaluate the prognosis of VA in 
ocular trauma, some studies revealed its limited predictive 
efficacy in pediatric ocular injury (36). In addition, OTS 
requires the evaluation of relative afferent pupillary defect 
(RAPD), which is difficult to assess especially in children. 
Therefore, Acar et al. released the POTS which facilitates the 
challenges of the OTS eliminating the necessity to determine 
patients’ initial VA (3). The POTS is a tool to predict prognosis 
and visual outcomes regarding eye injuries in the pediatric 
population (3). Several studies have demonstrated that it is 
a reliable prognostic scoring system in pediatric globe injury 
(36, 37). Similar to these aforementioned studies, we found 
that VA and POTS scores were correlated in children with 
visual acuity of 0.1 and above at the final visit.

Open globe injury is predominantly more severe and 
generally accompanies complications, the need for surgical 
intervention, and poorer prognoses (14). Younger age and 
lower initial VA were assessed as poor prognostic factors in 
patients with OGI (38, 39). Younger children are more prone 
to amblyopia since the visual development continues until 
the age of 9-10 years (3). Therefore, deprivation amblyopia 
may cause devastating visual outcomes than the injury 
itself (3). Due to the nature of pediatric globe injuries and 
the development of amblyopia, the final VA is worse in 
children compared to adults even if appropriate medical 
interventions are provided (16). Educating children to avoid 
potentially sight-threatening activities, informing parents to 
take preventive measures, and keeping a safe environment 
by supervising the child at all times possible may help prevent 
such injuries.

Difficulties in obtaining data of importance in children 
such as VA, retrospective setting of the study, variable 
follow-up times, lack of certain time interval between the 
onset of ocular trauma and hospital admission, and the 
timing of surgery following hospital admission were among 
the limitations of this study. Longer follow-up times may 
be valuable to observe long-term outcomes of pediatric 
OGI. Also, we were unable to measure IOP following 
surgical intervention. Therefore, potential IOP fluctuations 

following surgery were not documented. Since all patients 
needed to be operated under general anesthesia, patients 
that have recently ingested foods could not be operated 
immediately. Therefore, the timing of the surgery varied to 
prevent potentially life-threatening complications of general 
anesthesia. In addition, only patients with OGI applied or 
referred to our tertiary hospital were included in the study. 
Therefore, we may have encountered a lower incidence of 
pediatric OGI.

5. CONCLUSION

Penetrating eye injuries are of great importance among 
pediatric emergencies. Corneal injuries are more common 
during childhood in particular. This kind of ocular trauma may 
cause not only functional but also psychosocial problems 
ranging from a permanent decrease in visual acuity to eye 
loss. Child and parent education and taking preventive 
measures to prepare a safe environment for children are 
of utmost importance. Since the cause of injury might not 
be determined at times when parents or caregivers were 
unable to witness the incident, objects like knives, scissors, 
and other sharp utensils should be kept in a drawer with a 
safety latch. Glass objects should be stored in a high cabinet 
far from reach to protect children from hazardous injuries at 
home. In addition, it is substantial for emergency physicians 
to be informed about pediatric penetrating eye injuries 
and to refer all children with suspected ocular trauma to 
be evaluated by an ophthalmologist in order to prevent 
medicolegal problems. Studies with larger sample sizes and 
longer follow-up times are needed to confirm the long-term 
outcomes of pediatric penetrating ocular injury.
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ABSTRACT

Objective: The study aimed to evaluate medication review in older adults (≥65 years) at a community pharmacy by identifying the prevalence 
of potentiality inappropriate medication and calculating medication appropriateness index.

Methods: This descriptive study was carried out in a community pharmacy for six months. The older adults (≥65 years) using one or more 
medications were included. During clinical pharmacist-led medication review; the medication appropriateness index was calculated for each 
medication of older adults. Potentially inappropriate medications were evaluated according to the 2019 American Geriatrics Society Beers 
Criteria®.

Result: Among a hundred older adults, 46.0% were female. The median age of the patients was 75.5 (IQR, 68.0-78.8). The median number of 
medications was 9.0 (7.0-10.0). Polypharmacy has been detected in 97.0% of the patients. At least one potentially inappropriate medication 
was detected in 63.0% of them. The median score of medication appropriateness index score was 53.0 (IQR: 38.6-67.9).

Conclusion: To best our knowledge, this is the first study of clinical pharmacist-led medication review by calculating the medication 
appropriateness index carried out at a community pharmacy in Turkey. There was a high rate of potentially inappropriate medication with 
a higher score of medication appropriateness in older adults. This study highlights the importance of medication review led by the clinical 
pharmacist at community pharmacy to optimize medication usage in older adults.

Keywords: Older adults, clinical pharmacist, medication appropriateness index, potentially inappropriate medication
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Medication Review in Turkish Older Adults at Community 
Pharmacy: A Pilot Study by Using Medication Appropriateness 
Index

1. INTRODUCTION

The older adult (≥65 years) population is increasing 
worldwide with higher life expectancy. The ratio of the older 
adult population in Turkey was 8.2% in 2015, and it was 
increased to 9.5% in 2020 (https://data.tuik.gov.tr/Bulten/
Index?p=Istatistiklerle-Yaslilar-2020-37227, Date accessed: 
17.03.2021). In 2020, older adults (individuals aged 60 and 
over) represented 13.5% of the world’s population (https://
www.who.int/publications/i/item/978.924.0017900, Date 
accessed: 17.03.2021). This population is estimated to 
reach approximately 2.1 billion by 2050 (https://www.who.
int/publications/i/item/978.924.0017900, Date accessed: 
17.03.2021). In parallel, it is predicted that the probability of 
problems related to medication use will increase even more 
in older adults and is resulted in hospitalization. It has been 
reported that the most common problems associated with 
medication use in older adults are polypharmacy, adverse 
drug reactions, drug-drug interactions, poor medication 

adherence, and potentially inappropriate medication use 
(PIM) (1, 2).

Medication review is crucial in older adults to identify 
medication-related issues (including overdose, adverse drug 
reactions, possible drug-disease, drug-drug interactions, 
medication adherence) along with pharmacokinetic and 
pharmacodynamic changes during aging (https://www.
uptodate.com/contents/drug-prescribing-for-older-adults, 
Date accessed: 17.03.2021) (3). Potentially inappropriate 
medication (PIM) is identified as the use of medications that 
are predicted to be ineffective in older adults or to pose a 
high risk if used (4). The prevalence of PIMs has been found 
to be between 21-63% according to some previous studies 
(5-11). It was found that one or more medications were used 
inappropriately in almost half of the older adults who used 
medications (12). Evaluation criteria such as “2019 American 
Geriatrics Society (AGS) Beers Criteria®”(13) and/or “STOPP/
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START criteria” (The STOPP (The Screening Tool of Older 
Persons’ Prescriptions) and START (The Screening Tool to Alert 
to Right Treatment) criteria) (14) and “Ghent Older People’s 
Prescriptions Community Pharmacy Screening (GheOP3S)-
tool” (15) and “Medication Appropriateness Index” (MAI) 
(16) can be used to identify appropriateness medication used 
by older patients during clinical pharmacist-led medication 
review. In recent studies, it was shown that Beers Criteria® 
had superiority in determining the prevalence of PIMs (17-
20). Also, the Beers Criteria® had a more up-to-date version 
when compared with other tools (13, 14).

MAI is a tool that evaluates the appropriateness of 
medication with ten criteria: indication, efficacy, dosage, 
correct instructions, practical instructions, drug-drug 
interaction, drug-disease interaction, duplication, time, and 
cost (16). MAI is a useful implicit tool with a simple scoring 
system while providing a comprehensive medication review 
(21). However, during the application of MAI criteria, the 
practitioner should have sufficient clinical experience and 
knowledge (22). In addition, there are disadvantages of 
using MAI, such as the inability to evaluate the under-
prescribing of current treatment with MAI criteria and the 
time-consuming evaluation for inappropriate drug use (22). 
MAI has been used in hospital services, home care services, 
and community pharmacies to assess patients’ medications, 
and it was determined that the decrease in MAI scores was 
associated with reducing hospitalization and improving their 
quality of life (23-26).

In Turkey, to the best of our knowledge, this study was first to 
evaluate medication appropriateness with MAI score in older 
adults at community pharmacy setting. Therefore, this pilot 
study aimed to evaluate clinical pharmacist medication review 
in older adults in a community pharmacy by determining the 
prevalence of potentiality inappropriate medication and 
calculating medication appropriateness index.

2. METHODS

2.1. Participant and Setting

This descriptive study was carried out between July 2018 
and December 2018 in a community pharmacy located in 
Antalya, Turkey. Patients aged 65 and over who visited to 
a community pharmacy and used at least one medication 
were included in the study. There were no exclusion criteria. 
A hundred older adults, who visited the pharmacy, were 
consecutively included in the study by using convenience 
sampling method. The analysis of the collected data was 
carried out in April 2019.

The study was approved by the SBU Antalya Training and 
Research Hospital Clinical Research Ethics Committee at the 
meeting dated 05/07/2018 with the decision number 14/5. 
Informed consent was obtained from all participants.

2.2. Data Collection

Data of the patients, including their age, gender, education 
level (≥ 8 years and < 8 years), medications, and comorbidities 
were collected from patient interviews. All medications 
(including prescription or nonprescription drugs and dietary 
supplements) were recorded. Polypharmacy was defined as 
≥4 concurrent drugs (27-32).

In this pilot study, both the MAI tool and the 2019 AGS 
Beers Criteria® were used by a single clinical pharmacist 
(NU) for medication review. Patient data were analyzed 
using the latest version 2019 AGS Beers Criteria® to assess 
the presence of PIM (13). MAI, which is used to evaluate the 
appropriateness of medications, consists of 10 criteria. Each 
criterion is evaluated as appropriate, neutral inappropriate, 
or unknown by the pharmacists. The maximum total score of 
MAI is 18. Higher MAI scores related to the inappropriateness 
of medication (16). In the study, the MAI score was calculated 
for each medication separately and total medication regimen.

2.3. Data Analysis

Kolmogorov-Smirnov test was used to analyze the normal 
distribution of data. Descriptive variables were expressed 
as median and interquartile range (IQR). The frequency 
of variables in the data is shown as a percentage (%) and 
number. The chi-square test was used in the analysis of 
nominal variables. The Mann-Whitney U-test was used to 
assess the differences between the two groups (defined as 
PIM user or not). The results were evaluated within a 95% 
confidence interval and P value of <0.05 was considered 
statistically significant.

3. RESULTS

The characteristics of the older patients are shown in Table 
1. The median age of the patients was 75.5 (IQR, 68.0-78.8). 
Among them, 46.0% of the patients were female. In addition, 
77.0% of all patients had less than eight years of education. 
The median number of medications were 9.0 (IQR, 7.0-10.0). 
Polypharmacy was detected in most patients (97.0%).

 The MAI score was calculated for a total of 874 drugs in the 
study. The medication review took about 10 minutes per 
drug. The median MAI score for total medication regimen 
was 53.0 (IQR, 38.6-67.9). The median MAI per medication 
was 6.25 (5.00-8.00). The rate of PIMs was 63.0%. The 
median MAI score of patients with PIM is statistically higher 
than the mean MAI score of patients without PIM (P<0.05). 
The MAI scores of the older adults are summarized in Table 2.

The most common medication group with the highest MAI 
scores and the medication group with the most common 
PIMs are shown in Table 3. Accordingly, the therapeutic class 
of medications with the highest MAI score was Nonsteroidal 
Anti-inflammatory Drugs (NSAIDs) and/or paracetamol 
(n=28), while the most prevalent PIMs was proton pump 
inhibitors (n = 42).
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Table 1. Characteristics of older adults

Characteristic
Total Sample

(n=100)
Not PIM users 

(n=37)
PIM users

(n=63)
P

Age Median 
(IQR)

75.5
(68.0-78.8)

72.0
(67.5-80.5)

74.0
(68.0-78.0)

NS

Age (%)
65-80 years 77 (77.0%) 27 (73.0%) 50 (79.4%)

NS
> 80 years 23 (23.0%) 10 (27.0%) 13(20.6%)
Gender (%)
Female 46 (46.0%) 17 (46.0%) 29 (46.0%)

NS
Male 54 (54.0%) 20 (54.0%) 34 (54.0%)
Education level (%)

<8 years 77 (77.0%) 29 (78.4%) 48 (76.2%)
NS≥8 years 15 (15.0%) 5 (13.5%) 10 (15.9%)

Missing data 8 (8.0%) 3 (8.1%) 5 (7.9%)
Number of comorbid diseases
Median (IQR) 5.0 (4.0-5.0) 4.0 (4.0-5.0) 5.0 (4.0-6.0) NS
Number of medications

Median (IQR) 9.00 (7.0-10.0) 7.0 (5.0-9.0) 9.0 (8.0-11.0) <0.001
Polypharmacy (%)
<4 medications 3 (3.0%) 3 (8.1%) 0 (0.0%)

<0.05
≥4 medications 97 (97.0%) 34 (91.9%) 63 (100.0%)

PIM: Potentially Inappropriate Medication; NS: Nonsignificant IQR: 
Interquartile Rate

Table 2. The MAI scores in older adults

Total Sample
(n=100)

Not PIM users
(n=37)

PIM users
(n=63)

P

The Median 
MAI Score (IQR)

53.0
(38.6-67.9)

46.0
(34.8-62.8)

56.0
(39.5-71.5)

<0.05

PIM: Potentially Inappropriate Medication; MAI: Medication 
Appropriateness Index; IQR: Interquartile Rate

Table 3. The most common medication group with the highest MAI 
scores and PIMs

Medication with higher MAI score n
NSAIDs and/or Paracetamol 28
Low dose Aspirin and/or dipyridamole 12
CNS-active agent 9
Cardiovascular agent 5
Proton pump inhibitors 5
PIMs n
Proton pump inhibitors 42
NSAIDs 18
CNS-active agent 15
Low dose Aspirin 8
Cardiovascular agent 7

n: Number of Medication; MAI: Medication Appropriateness Index; NSAIDs: 
Nonsteroidal Anti-Inflammatory Drugs; CNS: Central Nervous System; PIM: 
Potentially Inappropriate Medication

4. DISCUSSION

To the best of our knowledge, it is the first study conducted 
in community pharmacy in Turkey to identify PIMs and MAI 
scores in older adults. In general, our PIMs (63%) result was 

higher than the studies in the literature. In a retrospective 
study evaluating the presence of PIMs in Canada, PIMs were 
detected in 48.3% of older patients (9). In another study 
conducted retrospectively in the United States, the rate of 
PIMs was found to be 21% (11). In line with the present study, 
a multi-center study in Kuwait found 53.1% of PIMs (5). In a 
research study carried out in Turkey, it was determined 75.3% 
of PIMs in Turkey using the GheOP³S tool (33).

Line with the studies in the literature, PIMs were associated 
with the presence of polypharmacy (5, 8, 17). Consistent with 
the research conducted previously (8), the most common 
medications related to PIMs, which were coincided with the 
findings of the present study, were proton pump inhibitors, 
NSAIDs, and central nervous system medications. In another 
study conducted with older patients receiving home health 
care services in Turkey (34), in parallel with the results of our 
study, the most common presentation of PIMs was proton 
pump inhibitors and nonsteroidal anti-inflammatory drugs.

In a previous study, the presence of PIMs was 53.1%, while 
the median MAI score per medication was determined as 0.0 
according to the MAI criteria (5). In our study, the presence of 
PIMs was higher and the median MAI score per medication 
was higher when compared with this study (5). According 
to findings of previous studies conducted in Austria (99%) 
(23) and Denmark (94.3%) (35), the rate of inappropriate 
medication use the present study was lower. In other studies, 
MAI score was lower than the calculated scores in the present 
study (23, 26, 36).

MAI is a useful tool in medication review service involving 
the collaboration of pharmacists and physicians at primary 
care in previous studies (23, 36). In the study conducted by 
Olsson et al. (24), which included patients over 75 years of 
age and using more than five medications, and performed 
home medication reviews, the median MAI score was higher 
than our study (54.0). Since they included patients using 5 
or more medications in their study and included patients 
in a relatively higher risk age group compared to our study, 
they may be more likely to determine a higher rate of 
inappropriateness in medication use. 

The study includes some limitations. The generalizability of 
the results has been limited. However, this study is a pilot 
study to use MAI in older patients at community pharmacy 
setting. This study is conducted on older patients who visited 
the pharmacy by using convenience sampling; this can be led 
to selection bias.

5. CONCLUSION

To best our knowledge, this is the first study of clinical 
pharmacist-led medication review by calculating MAI score 
conducted at a community pharmacy in Turkey. There was 
a high rate of potentially inappropriate medication with a 
higher score of medication appropriateness in older adults. 
This study highlights the importance of medication review led 
by clinical pharmacist at community pharmacy to optimize 
medication usage in older adults. Our findings show that 
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MAI is a useful tool in detecting medication appropriateness 
in the community pharmacy setting and could be used in 
medication review led by the community pharmacist.
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ABSTRACT

Objective: To determine the effect of freedom of movement implemented in the dilatation stage, which is the first stage of labor, on the labor 
process in pregnant women who will give their first birth.

Methods: This study was designed as a randomized controlled trial. The study consisted of 70 primiparous women, including 35 in the study 
group (SG) and 35 in the control group (CG). Freedom of movement was provided to the study group in the first stage of labor. Data were 
collected using a Personal Information Questionnaire, a Labor Assessment Form, and the Visual Analog Scale (VAS) for perceived pain.

Results: The SG was observed to be walking when dilatations were 4-7 cm and mostly squatting when 8-10 cm (94.2%). The level of effacement, 
frequency of contraction, and descent of the fetal head were faster (p<0.01), and total dilatation, expulsion, placental expulsion, and total labor 
and delivery time were shorter in pregnant women in the SG (p<0.001). After delivery, the SG had shorter initial contact with their babies and 
first breastfeeding time, and the total 24-hour postpartum hemorrhage was less (p<0.001). When there was no freedom of movement during 
labor, the total dilation time (OR=2.41), expulsion time (OR=1.25), placental expulsion time (OR=1.16), total delivery time (OR=2.76), the VAS 
score at 6 – 7cm dilatation time (OR=2.48), and first breastfeeding time (OR=1.15) were found to increase (p<0.05-0.01).

Conclusion: The freedom of movement allowed at the first stage of labor was observed to reduce perceived labor pain, the process of labor and 
delivery time, the volume of postpartum hemorrhage, and the time of the first contact with the infant and the first breastfeeding.

Keywords: Labor, delivery, stage, birth process, freedom of movement, effect
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The Effect on Birth Pain and Process of the Freedom of 
Movement in the First Stage of Labor: A Randomized Controlled 
Study

1. INTRODUCTION

Labor pain is one of the most severe pain types and 
is described as a sophisticated experience based on 
physiological, psychological, and social components (1). 
While the pain experienced during  labor  is a normal 
and important component of the birth process, it may 
also increase the fear of birth and cause a negative birth 
experience if not managed well (2, 3). It is stated that women 
who had a negative birth experience especially talk about 
the pain that they experienced at birth, in addition to many 
factors. (4-6). While negative perception about pain causes 
fear of birth, fear of birth, on the other hand, decreases pain 
tolerance. This situation may cause many complications, such 
as prolonged labor, negative birth experience, an increase in 
reasons to choose epidural anesthesia or cesarean, etc. (6).

Freedom of movement during the labor process means the 
pregnant can take any position at any time spontaneously 
according to the normal course of the delivery (7-12). The 
World Health Organization (WHO) recommends that the labor 

should be supported in its normal course by maintaining its 
natural physiology, the woman should be allowed to take any 
position at any time at her will without any interference with 
the position she should take at a given stage while the labor 
is progressing, and that no intervention should be introduced 
unless necessary (7,11-15).

As the provision of mobility will encourage women to move 
freely and change positions during labor and birth, supporting 
the pregnant in this regard is important (10-17). Although 
there is a belief that all women should be allowed to choose 
freely and consciously according to labor and birth physiology, 
a common approach used by health professionals is that the 
woman should be in bed during labor. Nevertheless, it is not 
ethical to restrict the freedom of movement of the pregnant 
especially during labor unless there is a medical obligation 
(8,18,19).

In birth centers, which provide care with a human rights-based 
approach, women are in control, and health professionals help 
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and encourage them to take the most comfortable position 
throughout childbirth (11,16,17,21,22). In the systematic 
evaluation results on the Cochrane database, it is stated that 
women should be encouraged and supported for positions 
that they find suitable, and that free movement should not 
be restricted unless there is a clinical obstacle (10,22). Since 
inactivity affects delivery negatively, it is stated that the position 
should be changed every 30 minutes during labor and that the 
woman should be encouraged about the position change. It is 
emphasized that the change or choice of the position should 
be based on the current instincts and preference, safety, and 
comfort of the mother, effective progression of the labor, 
and hemodynamic knowledge (10,22,23). The International 
Lamaze Organization determined six care practices in 2007 
to support normal labor. The second of the six care practices 
created is “freedom of movement throughout labor.” Freedom 
of movement in labor is stated to make the delivery process 
easier, increase the sense of control, accelerate the delivery, 
and increase the comfort of delivery and the possibility of 
normal vaginal delivery (13).

In the literature, the freedom of movement given to the 
woman during the first stage of the labor and the positions 
that she takes are reported to reduce the duration and severity 
of the uterine contractions that she feels, shorten the delivery 
time, accelerate the delivery by facilitating the descent of the 
fetus, bring about positive perineal outcomes, and increase 
the anatomical and physiological adaptation and the comfort 
and satisfaction of the mother (10-12, 19-21, 24-27). It is stated 
that allowing the woman to take any position that she seeks 
instinctively and providing her with freedom of movement in 
the first stage of the birth when the dilation occurs supports 
the normal physiological process but does not interrupt it, and 
therefore, it is safer and healthier (10,11, 13-17).

In recent years, a considerable number of studies have 
been conducted about labor positions practiced especially 
in the second stage of delivery. Yet, research into freedom 
of movement/positions practiced in the first stage of 
labor is relatively limited. This study was conducted to 
determine the effect of freedom of movement encouraged 
in the first stage of labor on the labor and delivery process 
in primiparous women. In the study, the effect of freedom of 
movement (instinctively) in labor process on the perceived 
pain, dilatation, expulsion, placental expulsion, total delivery 
time, volume of postpartum hemorrhage, newborn, and 
breastfeeding outcomes of pregnant women was evaluated. 
It is thought that the results of the study will contribute to 
the literature on the planning and implementation of care to 
be given to women who give birth.

2. METHODS

2.1. Study Design

This study was designed as a randomized controlled trial 
and carried out in the maternity ward of an Education 
and Research Hospital, a city hospital in Istanbul province 
between April 2016 and February 2017.

2.2. Study Sample

A G-Power (V3-1.7) analysis was conducted to calculate 
the number of participants to be taken into groups (The 
calculation was performed based on an effect size of d= 0.8). 
In the analysis, it was determined that at least 26 women 
in the birth process should be included in the groups. The 
study was carried out with 70 women in the first stage of 
labor, including 35 in the study group-SG (n=35) and 35 in the 
control group-CG (n=35).

The pregnant women who were admitted to the hospital 
for delivery were first evaluated in terms of the inclusion 
criteria. Sample inclusion criteria were as follows: being 
primiparous; being at the term/gestation week; having a 
spontaneous vaginal delivery; a dilatation of ≥4cm; not 
having cephalopelvic disproportion; the fetus in longitudinal, 
vertex position; having an alive, single, and healthy fetus; not 
having maternal and fetal complications and early membrane 
rupture (EMR); an estimated fetal weight of less than 4 kg; not 
having language-communication problem. Sample exclusion 
criteria were as follows: having unexpected maternal-fetal 
risk conditions during the birth process (bleeding, fetal 
distress, etc.); having a cesarean section; being unable to 
adapt to the study; quitting or wanting to leave the study.

Randomization: Women who met the sampling criteria were 
randomized and divided into groups. The randomization was 
performed on computer software (http://www.randomizer.
org/form.html). The numbering was based on the order of 
admission to the delivery room. Randomization and stages 
of the study were given in Figure 1. CONSORT flow diagram.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. CONSORT flow chart of the study.  

 

 

 

 

 

Assessed for eligibility (n =77) 

 
Excluded (n = 7) 
-Did not meet inclusion criteria (had a cesarean 
section due to the development of fetal asphyxia 
during the labor process, and therefore these women 
were excluded from the study)  

The freedom of movement was 
encouraged in the labor dilatation 
process and routine clinical care 
by nurses.  
Complete (n=35) 

Study group (n = 35) 
Excluded (n = 0)  

Control group (n = 35) 
Excluded (n = 0) 

 

 

Only routine clinical care by 
nurses 
Complete (n=35) 
 

Allocation  

Analysis 

Randomized (n=70) into groups by using 
http://www.randomizer.org/form.html. The sequence was 
based on the order of admission to the delivery room. 

Enrollment 

Analysed (n = 35) 
Excluded from analysis (n = 0) 

 

Care Providers/implementation 

Analysed (n = 35) 
Excluded from analysis (n = 0) 

 

Follow-up 

 
Lost to follow-up (n = 7) (They were 
removed as they had a cesarean section. 
Therefore, 7 new cases were included in 
the group.) 

Discontinued intervention (n =0) 

Lost to follow-up (n = 0) 
 

Discontinued intervention (n =0) 

Figure 1. CONSORT flow chart of the study.
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2.3. Instruments

The study data were collected by using a Personal Information 
Questionnaire, a Labor Assessment Form, the Visual Analog 
Scale (VAS), and the Diheng-2000 digital precision scale.

The Personal Information Questionnaire: This questionnaire 
consists of 13 questions, including 3 open-ended, 4 multiple-
choice, and 6 structured items, which were prepared to collect 
socio demographic and pregnancy-related information about 
pregnant women.

The Labor Assessment Form: This form was used to evaluate 
the labor and birth process and the clinical course of the 
pregnant woman and to assess and record the clinical 
measurements, observations, and those taken and made by 
the researchers.

The Visual Analog Scale (VAS): VAS is a scale used to 
measure perceived pain. Its foundations date back to 1921 
when Hayes and Paterson claimed that emotion levels 
could be shown on a line. The boundaries of these lines are 
determined by expressions indicating the most extreme 
states of emotions. VAS is stated to be a more sensitive and 
reliable measure compared to other one-dimensional scales 
in the measurement of pain perception. This scale, whose 
validity and reliability study was conducted, is 10 cm long, 
and its two ends are named differently on the vertical or 
horizontal line. This 10-cm long scale reads “no pain” on 
one end and “the most severe pain possible” on the other 
end. During pain assessment, individuals are asked to mark 
the point on the 10-cm line that corresponds to the pain 
intensity they feel. This scale is used for the assessment of 
birth pain as well as general pain assessment.24 In the study, 
the assessment of birth pain with the VAS was conducted at 
the dilatation stage of labor, and both groups were evaluated 
with the VAS three times. To be more specific, evaluations 
were done in the active phase of dilatation when it reached 
4-5 cm, 6-7 cm, and 8-10 cm.

Evaluation of postpartum hemorrhage: A precision weighing 
scale (Diheng-2000 g) was used to evaluate the 24-hour 
postpartum hemorrhage. After the birth, all mothers were 
given hygienic pads (Joly Large Adult Diaper) of the same size 
and standard. The bleeding findings obtained from the pads 
weighed with the Diheng-2000 digital precision scale were 
recorded in the Labor Assessment Form.

2.4. Interventions

This study was carried out during the dilatation process, 
which is the first stage of labor. In the study, freedom of 
movement was provided to the study group in the first stage 
of labor, but no intervention was implemented in the control 
group other than clinical applications.

The women with pregnancy who came to the clinic for birth 
were hospitalized in double rooms. In the implementation 
phase of the study, the women with pregnancy in the study 
and control groups were placed in different rooms as much as 
possible to consider ethical issues and to prevent the women 
with pregnancy from being influenced from each other. 

The researchers collected all data using the specified data 
collection tools via the face-to-face interview technique and 
based on women’s self-reports. The intervention procedures 
of the study for both groups are given in Figure 2.
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Figure 2. The intervention procedure stages of the study for both groups  
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During the dilatation stage: 
● Firstly the Personal Information Questionnaire was applied (through face-
to-face).  
● And then the vital signs were measured and recorded every 2 hours in the 
dilatation phase until the stage of expulsion in both groups.  
● Labor pain level assessment with the VAS Scale in the first stage of the 
birth in two groups. (Labor pain was assessed 3 times during the dilatation 
phase.   
             1st assessment when dilatation was 4-5 cm  
             2nd assessment when dilatation was 6-7 cm 
             3th assessment when dilatation was 8-10 cm 
● Dilatation and effacement findings and fetal presentation and head descent 
findings in the pregnant women in both groups were evaluated at 2-hour 
intervals. 
● Assessment and record of fetal heart rate and uterine contraction frequency 
according to EFM in two groups 
 
 

After delivery:  
● Application of the Labor Assessment Form to both groups. 
Parameters recorded in this form included:    
-the expulsion time of the birth (second stage time of birth) 
-weight, height, and head circumference of the newborn,  
-1st and 5th-minute APGAR scores assessments, 
-first mother-infant contact and breastfeeding time,  
-presence of complications, and the neonatal intensive care and resuscitation 
requirement 
-total dilatation, expulsion, and delivery times, 
-and postpartum hemorrhage (first 24 hours after birth, with the same brand, 
size, and standard Joly Large Adult Diaper pads).  
 

1st step 

2nd step 

3th step 

Figure 2. The intervention procedure stages of the study for both groups

2.5. Ethical Considerations

At the outset, the ethical committee approval of the non-
interventional clinical research ethics committee of Halic 
University (27.10.2015, Issue: 55, Decision no: 8) and the 
necessary institutional permissions were obtained (Issue: 
150.000.7415). The study was conducted in compliance with 
the “Ethical principles for medical research involving human 
subjects” of the Helsinki Declaration.

2.6. Statistical Analysis

Statistical analysis was performed on the Statistical Package 
for the Social Sciences software (SPSS, Chicago, IL, USA). 
Independent t, chi-square, and Fisher chi-square and ANOVA 
tests were used to compare the findings and the significance 
level was set at a confidence interval of 95% and a significance 
level of 0.05. As the values of variables were not normally 
distributed in the population, the Mann-Whitney U-test was 
used. The Pearson’s correlation test was employed to handle 
the relationship between parameters of labor and delivery 
process. The Backward (Conditional) Logistic regression analysis 
was used to evaluate the effect of no freedom of movement in 
labor on some labor and delivery process parameters.
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2.7. Limitations and Implications

The results cannot be generalized since the study was carried 
out in a certain place and group.

 The freedom of movement that was applied in the study 
group is not routinely applied in clinics and therefore, there 
are no institutional or country-based procedures.

The immigrant population is large in the region where the 
study was conducted, but we could not include them in the 
study sample due to language problems, so we had difficulty 
making up the number of cases, and therefore the study took 
longer than planned (Sometimes, there were no cases at all 
in the institution on days when the researcher was there.)

Although all the healthcare workers in the institution had been 
informed about the purpose and process of the study at the 
outset and they showed approval, some of the staff in the 
birth service showed negative attitudes towards the freedom 
of movement of the women with pregnancy during the labor 
dilatation phase (during labor) (They did not want the women 
with pregnancy in the service moving around; for this reason, 
we had to often make explanations and compromise).

The researcher could not attend the institution where the 
research was carried out every day of the week because she 
worked in a different institution.

3. RESULTS

The mean age was 22.1 ± 4.0 in the SG and 23.1 ± 3.9 in the 
CG, and there was no difference between the groups. There 
was no statistically significant difference in both groups in 
terms of age, employment status, number of pregnancies, 
gestational week, the planned status of pregnancy, prenatal 
education, etc. (p>.05). However, the number of university 
graduates was significantly higher in the SG (p< .01) (Table 
1). All of the pregnant women in both groups had head-first 
presentation and longitudinal situs. In the first examination 
findings, there was no statistically significant difference 
in terms of the fetal position, the status of the amniotic 
sac membrane, amniotic fluid status, situs, and dilatation 
(p>.05). Only the percentage of effacement level was 
significantly higher in the SG (SG: 59.7%; CG: 53.4%) (p< 
.01) (Table 1).

Table 1. Characteristics and the first examination findings of women in the two groups

Characteristics
Study Group

(n=35)
Control Group

(n=35) ᵪ2 p
n  %  n  %

Education status
Illiterate 4 11.4 3 8.6

10.29 0.01Primary education 2 5.7 12 34.3
High school 17 45.7 15 42.9
University 12 37.1 5 14.3
Number of pregnancies
Primigravida 29 82.9 30 85.7
Multigravida (2nd pregnancy) 6 17.1 5 14.3 0.10 0.74
Participation in antenatal classes
Yes 2 5.7 3 8.6
No 33 94.3 32 91.4 1.01 0.60

Average age and gestational week
Min-Max Mean±SD Min-Max Mean±SD t P

Age /year 18-35 22.1±4.0 18-34 23.1±3.9  1.08  0.28
Gestational week 38-41 39.3±0.8 37-41 39.3±0.9  0.00 1.00

The first examination findings of women admitted to the delivery room
N % n % ᵪ2 p

Head presentation 35 100.0 35 100.0
Situs (longitudinal) 35 100.0 35 100.0
Fetal Position
D1* 16 45.7 11 31.4 1.50                     0.22D2** 19 54.3 24 68.6
Amniotic sac membrane
Intact 5 14.3 10 28.6 2.12                     0.14
Rupture 30 85.7 25 71.4

Amnion fluid
Clear 28 85.7 24 80 1.64                     0.43
Meconium 2 2.9 1 0.0

Effacement and Dilatation
Min-Max Mean±SD Min-Max Mean±SD t p

Effacement (%) 50-70 59.7±6.6 40-60 53.4±6.8 13.5                      0.004
Dilatation (cm) 1-5 4.6±0.7 4-6 4.6±0.5 2.5                       0.45
*: D1; The back of the fetus is on the left relative to the mother,**: D2; The back of the fetus is on the right relative to the mother.
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The pregnant women in the SG were determined to be 
generally walking when dilatation reached 4-5 cm, walking 
around, sitting upright, and leaning against the wall or bed 
when it reached 6-7 cm, and often squatting when it reached 
8-10 cm (p < .01) (Table 2).

Table 2. The actions of the pregnant women in the study group 
during the dilatation phase

Actions
Dilatation

ᵪ2 p4-5 cm 6-7 cm 8-10 cm
n (%) n* (%) n* (%)

Upright sitting 12(34.3) 6(17.1) - 0.89 0.64
Leaning against 
the wall / bed

5(11.4) 11(31.4) 15(42.8) 2.90 0.82

Take a walk 19(54.3) 25(71.3) 11(31.4) 2.44 0.87
Squatting 0(0.0) 2(5.7) 33(94.2) 2.15 0.00
Total* 36 47 59

*: Pregnant women were folded because they made more than one 
movement during the dilatation process.

Regarding the labor, the means values for total dilatation time / 
hour (SG: 6.4 ± 0.8; CG: 7.4 ± 1.0), expulsion time/minute (SG: 
16.0 ± 5.1; CG: 23.4 ± 6.6), placental expulsion time/minute (SG: 
16.5 ± 4.4; CG: 21.0 ± 5.0) and total labor and delivery time / 
hour (SG: 8.5 ± 0.8; CG: 9.4 ± 0.9) were significantly lower in favor 
of the pregnant women in the SG (p < .001). Also, the volume of 
total postpartum bleeding within 24 hours/g (SG: 275.0 ± 33.9; 
CG: 380.8 ± 47.5) was less among pregnant women in the SG 
and the mean values for the first contact with baby/minute 
(SG: 17.2 ± 5.8; CG: 22.7 ± 6.8) and the first breastfeeding time/
minute (SG: 18.9 ± 5.1; CG: 24.4 ± 7.5) was also shorter in the 
SG (p <0.001). The pain scores in the first VAS assessment done 
when dilatation was 4-5 cm (SG: 5.1 ± 1.1; CG: 5.8 ± 1.2) and 
the second VAS assessment performed when it reached 6-7 cm 

(SG: 6.9 ± 1.0; CG: 7.6 ± 1.1) was significantly lower in the SG (p 
< .01 – p < .001). On the other hand, the pain scores obtained 
in the third VAS assessment performed when the dilation was 
8-10 cm were found to be similar in the two groups (p> .05). 
The number of cases developing postpartum complications was 
very low, and there was no significant difference between the 
groups in this regard (p> .05). Besides, there was no difference 
between groups in terms of induction application (SG: 17.1%, 
CG: 8.60%), non-induction medication (SG: 2.90%, CG: 14.3%), 
and episiotomy application (SG: 82.9%, CG. 97.1) at birth (p> 
.05) (Table 3).

Results regarding the Regression Analysis; Regression analysis 
was based on no freedom of movement in labor. According to 
the regression analysis conducted for the parameters regarding 
the effect of no freedom of movement on total dilatation, 
expulsion, placental expulsion, total labor and delivery times, 
1st and 2nd VAS pain scores, and the time of first breastfeeding, 
the general explanatory coefficient was 100%, sensitivity was 
100%, and specificity was 100%. According to the results of the 
regression analysis, when there was no freedom of movement 
during labor, there was an increase in the total dilation time 
(OR=2.41), expulsion time (OR=1.25), placental expulsion time 
(OR=1.16), total delivery time (OR=2.76), the VAS score at 
6-7cm dilatation time (OR=2.48), and first breastfeeding time 
(OR=1.15) (p<0.05-0.01). Although it increased the 1st VAS 
score by 1.11, the result was not significant (p>.05) (Table 3).

Results regarding the Correlation Analysis; There was a highly 
significant negative correlation between the freedom of 
movement provided to pregnant women in the first stage of 
labor and 1st VAS and 2nd VAS assessment, total dilatation, 
expulsion, placental expulsion, total labor, and delivery, 
first breastfeeding times and the volume of postpartum 
hemorrhage within 24 hours (p<.01) (Table 4).

Table 3. The pain levels and birth process data of women according to the groups, and logistic regression analysis results

Specifications
 Study Group
(n=35)

Control Group
(n=35) t p

Min-Max Mean±SD Min-Max Mean±SD

Total dilatation time/hrs* 5-8 6.42±0.8 5-9 7.40±1.0 -4.36 0.00

Expulsion time/min. 9-30 16.00±5.1 15-40 23.42±6.6 -5.24 0.00

Placenta release time/min. 10-25 16.57±4.4 10-35 21.00±5.0 -3.90 0.00

The amount of bleeding for 24 hours after birth/g 200-330 275.0±33.9 300-550 380.8±47.5 -10.9 0.00

Total duration of labor time/h* 7-10 8.51±0.8 7-12 9.48±0.9 -4.49 0.00

First contact time of baby/min. 5-35 17.28±5.8 10-40 22.71±6.8 -3.5 0.00

First breastfeeding time/min. 10-35 18.94±5.1 15-45 24.42±7.5 -3.5 0.00

 Pain levels according to the VAS

Min-Max Mean±SD Min-Max Mean±SD t p

1st VAS assessment (dilatation 4-5 cm) 2-7 5.1±1.1 2-8 5.8± 1.2 -2.48 0.01

2nd VAS assessment (dilatation 6-7 cm) 4-9 6.9±1.0 3-10 7.6± 1.1 -3.31 0.00

3th VAS assessment (dilatation 8-10 cm) 8-10 9.4±0.7 9-10 9.7±0.4 -1.56 0.11
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4. DISCUSSION

The vast majority of studies on movement or positions in 
labor are generally related to the process of expulsion. The 
discussion in this section will be handled in terms of the data 
in the literature that is relevant to the results of our study.

Although it is said that keeping pregnant women in bed from 
the early stages of birth creates a favorable environment for 
healthcare professionals and constant EFM, most pregnant 
women would like to walk or change positions frequently, 
especially in the early stages of delivery (7,29). Since there is 
not enough evidence that a position is better than another, 
there is no single position to be recommended or prohibited. 
In studies, it has been difficult to isolate the independent 
impact of the position on the progression of labor. Pregnant 
women cannot keep a single position during a study, and 
they cannot be expected to do it (21,28,29). As of the active 
phase, the pregnant women in the SG were determined 

to be generally walking when dilatation reached 4-5 cm, 
walking around, sitting upright, and leaning against the wall 
or bed when it reached 6-7 cm, and often squatting when 
it reached 8-10 cm (Table 2). In the literature, walking or 
upright positions are stated to be preferred in the first stage 
of the birth because they are more comfortable (27,30-40). 
The results reported in the study of Akin et al. (2017) are 
similar to the results of the current study related to walking 
or moving during labor (40).

In our study, the movements that the pregnant women did 
when the dilatation was 4-5 cm and 6-7 cm can be said to 
be similar to these data in terms of walking. However, it is 
noteworthy that pregnant women do not only walk/move but 
also sit or lean against the wall or bed, and that they squat at 
the last stage of dilatation to adapt to the labor. These results 
show us that pregnant women do not perform a fixed pattern 
of movement in the process of labor and that they shape their 
movements/positions instinctively according to the labor 

Table 3. Continued
 Multivariate logistic regression analysis results
 according to the absence of freedom of movement in labor

Variables

Multivariate logistic regression

p
OR

%95 CI

Lower Upper

Total dilatation time 2,414 1,083 5,379 0.031

Expulsion time 1,256 1,086 1,452 0.002

Placenta release time 1,168 1,006 1,370 0.045

Total duration of labor 2.767 1.278 5.992 0.010

1st VAS assessment (dilatation 4-5 cm) 1,116 0,442 2,818 0.816

2nd VAS assessment (dilatation 6-7 cm) 2,488 1,220 5,074 0.012

First breastfeeding time 1,152 1.052 1,263 0.002

* Total dilatation and total delivery times were calculated by accepting the initial dilatation to be 4 cm.
OR: Odds Ratio, Cl: Confidence Interval

Table 4. Correlation analysis results

Variables
1
r

2
r

3
r

4
r

5
r

6
r

7
r

8
r

9
r

10
r

11
r

12
r

1 Freedom of movement in labor 1 -,288** -,339** ,229 -,468** -,537** -,428** -,479** -,112 ,036 -,798** -,396**

2 1st VAS assessment (D: 4-5 cm) 1 ,779** ,275* ,291* -,007 ,060 ,205 -,006 ,076 ,178 ,263*

3 2nd VAS assessment (D:6-7 cm) 1 ,443** ,288* ,024 ,120 ,272* ,020 -,003 ,193 ,190
4 3th VAS assessment (D:8-10 cm) 1 ,032 ,147 ,051 -,068 ,083 ,042 ,072 ,184
5 Total dilatation time 1 ,307** ,270* ,732** -,141 -,149 ,320** ,253*

6 Expulsion time 1 ,427** ,265* -,163 -,031 ,484** ,381**

7 Placenta release time 1 ,172 -,084 -,089 ,410** ,391**

8 Total duration of labor 1 -,083 -,143 ,433** ,238*

9 First APGAR 1 ,488** -,186 -,077
10 Second APGAR 1 ,006 -,131
11 Total amount of bleeding for 24 hrs. 1 ,415**

12 First breastfeeding time 1

*: p<0,05; **: p<0,01 Spearman correlation analysis was used; r: correlation coefficient
D: Dilatation
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process. These findings are considered important in terms 
of showing that no restriction of movement can be applied 
or there cannot be a single position for pregnant women in 
the labor process. The positions are shaped according to the 
birth process and the pregnant woman’s instincts; therefore, 
support and encouragement about freedom of movement 
are necessary.

In the study, the dilatation time in the SG participants who 
were allowed freedom of movement at the first stage of 
delivery was 1 hour, the expulsion time was 6 minutes, the 
placental expulsion time was 5 minutes on average, and the 
total labor and delivery time was 1 hour shorter than that 
of the pregnant women in the CG (Table 3). Thilagavaty 
(2012) reported that using an upright position in the active 
phase in the first stage shortened the second (11 min) and 
third stage (10 min) of labor (33). Similarly, Miquiletti et 
al. (2007) stated that taking an upright position in the first 
stage of labor shortened the time of this phase (36). Also, 
Mamede et al. (2007) reported that the total delivery time 
in pregnant women who were allowed to walk in the active 
phase was between 3 and 14 hours and took an average of 
7.66 hours (37). The study results in the literature were found 
to support our data. The results of our study revealed that 
the freedom of movement in the first stage had an important 
role in shortening the first, second, and third stages of labor 
and the total time of the labor and delivery. Therefore, the 
findings of our study are thought to make a contribution to 
the literature in this regard.

In the literature, allowing pregnant women to move freely 
during labor is reported to make uterine contractions 
effective and reduce the need for analgesia (17, 22, 39, 43, 
44). Miquiletti et al. (2007) and Thilagavaty (2012) reported 
that VAS pain scores were lower in those who took an 
upright position in the active phase of the first stage of labor, 
pregnant women felt more comfortable, and that it increased 
satisfaction (34). Mamede et al. (2007) reported that when 
the dilatation was 5 cm, there was a significant correlation 
between VAS pain scores of walking pregnant women. At the 
same time, the pain was stated to increase as birth progressed 
and dilatation increased, also increasing the associated VAS 
pain scores (37). Jonge et al. (1997) stated that pain scores 
were less in upright positions in the first stage of labor. In 
this study, VAS pain scores were significantly lower among 
pregnant women in the SG who were provided freedom of 
movement in the first stage of labor when the dilatation 
was 4-5 cm and 6-7 cm, while no significant difference was 
found between the groups at 8-10 cm dilatation (30). The 
literature supporting the study results mentioned above 
shows that allowing pregnant women to have freedom of 
movement and to change position as they like during labor 
and birth process has a positive effect on perceived pain and 
facilitates pain management until the dilatation reaches 8-10 
cm. Besides, these results suggest that the effect of freedom 
of movement on reducing the perceived pain in the process 
of labor and birth will contribute positively to the comfort of 
birth and birth experience.

In the literature, there are many studies investigating the 
effect of positions implemented in the second stage of birth on 
postpartum hemorrhage (27,30,33,35,42,43); nevertheless, 
research into the effect of freedom of movement in the 1st 
stage of labor on postpartum hemorrhage is limited. In this 
study, the volume of postpartum hemorrhage within the first 
24 hours in pregnant women in the SG who were allowed 
freedom of movement at the first stage of labor was found 
to be significantly less than those of the pregnant women 
who were not provided freedom of movement (SG: 275.0 ± 
33.9; CG: 380.8 ± 47.5). Accordingly, the results of the study 
have been evaluated as an important finding regarding its 
contribution to the literature. Also, the freedom of movement 
allowed in the 1st stage of labor may have an essential role 
in reducing the risk of postpartum hemorrhage, which is 
one of the most important postpartum complications. In the 
literature, interventions in labor and prolongation of labor 
have been reported to possibly delay the first breastfeeding 
time (20,44). However, there is no study in the literature 
evaluating the effect of freedom of movement applied in the 
first stage of labor on breastfeeding and first contact with 
baby. In this study, the first contact and breastfeeding time of 
the pregnant women in the SG who were allowed freedom of 
movement in the first stage of labor was found to be shorter 
compared to that of the pregnant women in CG. This result 
suggested that the freedom of movement in the first stage of 
labor might have shortened the duration of all stages in labor 
and the total labor process and reduced the perceived pain 
and that all these results might have been achieved due to the 
positive effects of the energy of the freely moving mother.

In the correlation analyses of the study, a highly significant 
relationship was found between the freedom of movement 
provided in the first stage of labor and birth pain, total 
dilatation, expulsion, placental expulsion, total delivery, and 
first breastfeeding times, and the total volume of bleeding. 
Also, the regression analyses indicated that allowing no 
freedom of movement in the first stage of labor increased 
the total dilation time 2.4 times, the expulsion time 1.2 
times, the placental expulsion time 1.1 times, the total labor 
and delivery time 2.7 times, the birth pain 2.4 times, and 
the first breastfeeding time 1.1 times. All these results are 
extremely important and are thought to contribute to the 
literature in terms of showing the positive effects of freedom 
of movement in the first stage of labor on the process of labor, 
perceived birth pain, and the onset of first breastfeeding.

5. CONCLUSION

The freedom of movement provided to pregnant women 
in the first stage of labor was determined to reduce the 
perceived birth pain, shorten total dilation, expulsion, 
placental expulsion, and delivery times, decrease the volume 
of postpartum hemorrhage, and shorten the time of first 
breastfeeding and contact with baby. Due to the positive 
birth outcomes, it is thought that this application should be 
spread in the clinical setting, and it is deemed important that 
health professionals encourage women who give birth. Also, 
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conducting training programs on this topic will be beneficial. 
In addition, it will be beneficial to contribute to and support 
the literature with randomized controlled trials in which the 
freedom of movement allowed in the first stage of labor 
and the effectiveness of each of the different positions that 
women refer to in this phase in the natural course of the 
labor are evaluated.
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ABSTRACT

Objective: This study aimed to evaluate in vitro effect of apigenin on anti – and pro-inflammatory cytokines including interleukin-6 (IL-6), IL-10, 
tumor necrosis factor-alpha (TNF-α), and transforming growth factor-beta (TGF-β) levels in an in vitro model of renal cell inflammation induced 
with lipopolysaccharide (LPS).

Methods: For the in vitro renal cell inflammation model, the African green monkey kidney cell line (Vero) was used. Four groups as NC (without 
any treatment), LPS (Vero cells treated with 10 μg/mL of LPS for 4 hours), API (Vero cells treated with 5 μg/mL of apigenin for 12 hours), and 
LPS+API (Vero cells treated with 5 μg/mL of apigenin for 12 hours + 10 μg/mL of LPS for 4 hours) was formed. The non-cytotoxic dose of apigenin 
in Vero cells was evaluated by a cell count test. IL-6, IL-10, TNF-α, and TGF-β concentrations in the cell culture medium were measured by 
enzyme-linked immunosorbent assay kits. All analyses were performed in four repetitions.

Results: IL-6, IL-10, TNF-α, and TGF-β concentrations of the LPS group increased compared to NC, API, and LPS+API groups (p<0.05). We found 
that treatment with apigenin led to significant attenuation in the LPS-induced secretion of IL-6, IL-10, TNF-α, and TGF-β in the Vero cell line.

Conclusion: Our findings showed that apigenin significantly reduced LPS-induced IL-6, IL-10, TNF-α, and TGF-β formations in Vero cells. Taken 
together, these results suggest that apigenin may be a therapeutic candidate for relieving inflammatory renal cell damage. These results need 
to be supported by in vivo trials and clinical applications.
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In Vitro Assessment of Anti-inflammatory Effect of Apigenin 
on Renal Cell Inflammation

1. INTRODUCTION

Inflammation and immune system activation play role in the 
etiopathogenesis of acute and chronic kidney diseases (1). 
Inflammation stimulates cytokines secretion and increases 
the production and activity of adhesion molecules in renal 
tissue (2,3). Patients with renal injury have higher serum 
interleukin (IL)-6 and tumor necrosis factor-alpha (TNF-α) 
levels (4-8). IL-6 induces the progression of chronic kidney 
disease by initiating chronic vascular disease, endothelial 
injury, and adiponectin expression (9,10). TNF-α stimulates 
the release of the inflammatory mediator Interleukin 1β 
(IL-1β), monocyte chemoattractant protein (MCP)-1), and 
transforming growth factor-beta (TGF-β) (11). TGF-β induces 
conditions causing chronic progressive kidney disease through 
regulation of cell proliferation, hypertrophy, apoptosis, 
and fibrogenesis (12). IL-10 is produced as a growth factor 
by mesangial cells in the normal adult kidney and induces 
pathological processes that lead to the progression of renal 
failure by inducing the synthesis and activity of Cystatin 
C and TGF-β. Increased TGF-β levels promote fibrosis and 
glomerulosclerosis with IL-10 (13).

In recent years, scientific studies on the treatment 
of inflammatory diseases have focused on the use of 

anti-inflammatory flavonoids. Many flavonoids show 
medical efficacy as antibacterial, antioxidative activity, free 
radical scavenging capacity, anti-inflammatory, anticancer 
and antiviral agents (14). Apigenin, found naturally in 
fruits and vegetables, has anti-inflammatory effects in 
various cellular processes (15,16). The prophylactic use 
of apigenin suppresses cyclooxygenase-2 (COX-2) and 
nuclear factor κB (NF-κB) pathways by decreasing IL-1β, 
IL-6 and TNF-α concentrations, leukocyte quantity, and 
neutrophil percentage in bronchoalveolar lavage fluid and 
thereby alleviates inflammation (16). Apigenin exhibits 
an anti-inflammatory effect by suppressing chemokine 
production associated with T helper cell-1 and T-helper 
cell-2 and modulating mitogen-activated protein kinase 
(MAPK) in human monocyte cells (17). Apigenin inhibits LPS-
induced NF-κB activity in lung tissue, reduces infiltration of 
inflammatory cells, and accumulation of chemotactic factors 
(18). It is known that apigenin has a good anti-inflammatory 
effect but the possible protective effect of apigenin on renal 
cell inflammation is unknown. The purpose of the present 
study was to investigate the effect of apigenin on anti-
inflammatory cytokines IL-6, IL-10, TNF-α, and TGF-β levels in 
vitro renal cell inflammation model.

https://orcid.org/0000-0003-3583-3216
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2. METHODS

2.1. Cell Culture and Treatment

The Vero cell line used in this study was obtained from the 
Department of Virology, Faculty of Veterinary Medicine, 
Ondokuz Mayis University. The 10% calf serum, 2 mM 
l-glutamine, 100 µg/mL streptomycin, 100 U/mL penicillin, 
and 1 mM pyruvic acid in Minimum Essential Eagle’s Medium 
(MEM, Sigma, Austria) were applied to the Vero cell line. The 
cells were maintained at 37 °C, 5% CO2, 95% air, and 100% 
humidity. Filter cap cell culture flasks were used to prevent 
possible contamination and the medium was changed every 
two days. Cell survival and morphological structure were 
evaluated by an inverted microscope. The inflammation was 
induced by treatment with LPS (E. coli O111: B4) in Vero cells. 
In order to induce inflammation, the cells were incubated with 
culture medium containing different LPS concentrations (0.1 
μg/mL, 1 μg/mL, 2 μg/mL, 5 μg/mL and 10 μg/mL) for 2, 4, 8, 
16 and 24 hours. The inflammation dose of LPS was selected 
based on previous scientific studies (19,20). A previous in 
vitro study (21) was taken into consideration to determine 
the non-cytotoxic dose for apigenin treatment, cells were 
cultured with different apigenin concentrations (0.1 μg/mL, 
0.25 μg/mL, 0.5 μg/mL, 1 μg/mL, 5 μg/mL, and 10 μg/mL) 
for 12 hours and the non-cytotoxic dose was determined 
according to the cell count test result. All experiments were 
performed in four repetitions.

In the study, four groups NC (negative control group, any 
application was not done), LPS (treatment with 10 μg/mL of 
LPS during 4 hours), API (treatment with 5 μg/mL of apigenin 
during 12 hours), and LPS+API (treatment with 10 μg/mL of 
LPS during 4 hours+5 μg/mL of apigenin during 12 hours) 
were formed. After all treatments, cell culture media were 
centrifuged at 1.550xg for 10 minutes and ELISA analysis was 
performed in supernatants (22).

2.2. Determination of Non-Cytotoxic Dose of Apigenin

The non-cytotoxic dose of apigenin in Vero cells was assessed 
by a cell counting kit-8 (96992, Sigma-Aldrich, USA). The 
test was performed according to the method notified by 
the manufacturer. For this purpose, 100 μL cell suspension 
including 1×105 Vero cells per milliliter was prepared and 
then cell suspension was added to the 96-well plate and 
incubated in a 37 °C incubator. When the cells covered the 
plate surface at the end of 24 hours, the cell production 
medium in wells was evacuated and the plates were 
incubated in a 22 °C incubator by adding stock apigenin from 
3 different concentrations, 1 μg/mL, 5 μg/mL, and 10 μg/mL 
prepared in cell production medium and 10 μg/mL and from 
each dilution to 2 wells. In addition, 10 μL of cell-producing 
media was added into the wells of the control cells instead 
of apigenin. Apigenin in the wells of the plates was taken 12 
hours later from the incubator and was evacuated using a 
pipette and 10 μL of cell counting solution was added to all 
wells and incubated at 37 °C for 2 hours. At the end of the 

time, the optical density of the microplate was read in 450 
nm wavelength at the microplate reader (Tecan Infinite F50). 
The test was repeated 4 times. The half-maximal inhibitory 
concentration (IC50) value for apigenin was calculated and 
the graph was plotted using the GraphPad Prism 5 software 
(San Diego, CA, USA).

2.3. Main Outcome Measurements

IL-6 concentration:The monkey-specific ELISA assay (LS-
F4822, LifeSpan Biosciences Inc., Seattle Downtown, 
Washington, USA) was used to measure the concentration 
of IL-6 in cell culture supernatants. All samples were studied 
double. ELISA steps were carried out as recommended by the 
manufacturer. The results were presented as pg/mL.

IL-10 concentration: The concentration of IL-10 in cell 
culture supernatants was determined using the ELISA kit 
specific to monkey (LS-F25130, LifeSpan Biosciences Inc., 
Seattle Downtown, Washington, USA) by the ELISA method. 
The measuring range of the kit was 0-1000 pg/mL and all 
samples were studied double. ELISA steps were carried out 
as recommended by the manufacturer. The results were 
presented as pg/mL.

TNF-α concentration: The concentration of TNF-α in cell 
culture supernatants was determined using the ELISA kit 
specific to monkey (LS-F4818, LifeSpan Biosciences Inc., 
Seattle Downtown, Washington, USA) by the ELISA method. 
All samples were studied double. ELISA steps were carried 
out as recommended by the manufacturer. The results were 
presented as pg/mL.

TGF-β concentration: The concentration of TGF-β in cell 
culture supernatants was determined using the ELISA kit 
specific to monkey (MBS737903, MyBioSource, Inc., San 
Diego, CA, USA) by the ELISA method. The measuring range 
of the kit was 0-1000 pg/mL and all samples were studied 
double. ELISA steps were carried out as recommended by the 
manufacturer. The results were presented as pg/mL.

2.4. Statistical Analysis

SPSS 22.0 package program was used for statistical evaluation 
of the findings obtained from the study. Before significance 
tests, all the data were evaluated using the parametrical 
test with Shapiro Wilk for normality assumptions and with 
the Levene test for homogeneity of the variance. Duncan 
test was used for variables that provide parametric test 
assumptions as a post-hoc test in cases where the difference 
between groups is significant. A minimum of p <0.05 value 
was considered statistically significant for all statistical 
evaluations.

3. RESULTS

3.1. Non-Cytotoxic Dose of Apigenin on Vero Cells

As determined by the cell viability assay, different 
concentrations of apigenin resulted in cytotoxicity effects on 
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the Vero cell line in a dose-dependent manner for 12 hours. 
The growth of the cell line was strikingly inhibited by different 
concentrations of apigenin (0.1 μg/mL, 0.25 μg/mL, 0.5 μg/
mL, 1 μg/mL, 5 μg/mL, and 10 μg/mL). In different apigenin 
concentrations, cell viability was found as 98.0 ± 1.56 % in 
0.1 μg/mL, 90.6 ± 4.63 % in 0.25 μg/mL, 83.2 ± 2.92 % in 0.5 
μg/mL, 75.8 ± 4.33 % in 1 μg/mL, 50 ± 5.68 % in 5 μg/mL, 
and 9.88 ± 0.68 % in 10 μg/mL (p<0. 05). Viability assay from 
four repetitions showed that IC50 of apigenin was 5 μg/mL 
(Figure 1).

Fig 1. The dose-response curve for the half-maximal inhibitory 
concentration (IC50) for apigenin. Six different concentrations 
(ranging from 0.1 to 10 mg/mL) were tested. Data are represented 
as mean values of at least four independent experiments. The 
IC50 values were calculated using nonlinear regression analysis 
of GraphPad Prism software 5 by plotting log inhibitor versus 
normalized response.

3.2. Effect of Apigenin on IL-6 Concentration in LPS-Treated 
Vero Cells

The effect of apigenin administration of 5 μg/mL for 12 
hours on IL-6 concentration in LPS-treated Vero cells and the 
differences between groups are presented in Figure 2. The 
results of the IL-6 levels of the groups were given in Table 
1. The IL-6 concentrations were 159.3 ± 6.6 pg/mL in LPS 
group, 52.8 ± 3.9 pg/mL in NC group , 46.5 ± 1.3 pg/mL in API 
group and 86.5 ± 5.0 pg/mL in LPS+API group. Treatment of 
Vero cells with LPS alone notably increased the production 
of IL-6 compared with the negative control, API, and LPS+API 
groups. The LPS-treated group showed a 3.0-fold, 3.4-fold, 
and 1.8-fold increase in IL-6 levels when compared with 
the negative control group, API group, and LPS+API group, 

respectively (p<0.05). The secretion of IL-6 in the LPS+API 
group was significantly suppressed by apigenin compared 
with the level in the LPS-treated cells (p<0.05).

Fig 2. Effect of apigenin on IL-6 concentration in LPS-treated Vero 
cells. NC: Vero cells received no treatment; LPS: Vero cells treated 
with 10 μg/mL of LPS for 4 hours; API: Vero cells treated with 5 μg/
mL of apigenin for 12 hours; LPS+API: Vero cells treated with 5 μg/
mL of apigenin for 12 hours + 10 μg/mL of LPS for 4 hours. Data are 
mean ± SD for four independent experiments. a p<0.05: significantly 
different from LPS and LPS +API groups; b p<0.05: significantly diffe-
rent from NC, API and LPS+API groups; Duncan test.

Table 1. IL-6, 1L-10, TNF-α, and TGF-β levels of the groups

Cytokine Groups
NC API LPS LPS+API

IL-6 (pg/mL) 52.8 ± 3.9a 46.5 ± 1.3a 159.3 ± 6.6b 86.5 ± 5.0c

IL-10 (pg/mL) 62.3 ± 8.5a 58.3 ± 6.4a 359.0±16.9b 155.0 ± 9.5c

TNF-α (pg/mL) 67.3 ± 4.3a 63.0 ± 4.5a 292.3 ± 12.5b 101.0 ± 3.2c

TGF-β (pg/mL) 27.0 ± 4.2a 32.3 ± 3.9a 312.8 ± 10.2b 150.0 ± 11.0c

NC: Negative control (Vero cells received no treatment); API: Vero 
cells treated with 5 μg/mL of apigenin for 12 hours; LPS: Vero cells 
treated with 10 μg/mL of LPS for 4 hours; LPS+API: Vero cells treated 
with 5 μg/mL of apigenin for 12 hours + 10 μg/mL of LPS for 4 hours. 
a,b,c Different superscript letters indicate statistically significant dif-
ferences in the same row (p<0.05; Duncan test)

3.3. Effect of Apigenin on IL-10 Concentration in LPS-
Treated Vero Cells

The effect of apigenin administration of 5 μg/mL for 12 hours 
on IL-10 concentration in LPS-treated Vero cells and the 
differences between groups are presented in Figure 3. The 
results of the IL-10 levels of the groups were given in Table 
1. The IL-10 concentrations were 359.0±16.9 pg/mL in the 
LPS group, 62.3 ± 8.5 pg/mL in the NC group, 58.3 ± 6.4 pg/
mL in the API group, and 155.0 ± 9.5 pg/mL in the LPS+API 
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group. The LPS-treated group showed a 5.8-fold, 6.2-fold, 
and 2.3-fold increase in IL-10 levels when compared with 
the negative control group, API group, and LPS+API group, 
respectively (p<0.05). The secretion of IL-10 in the LPS+API 
group was significantly suppressed by apigenin compared 
with the level in the LPS-treated cells (p<0.05).

Fig 3. Effect of apigenin on IL-10 concentration in LPS-treated Vero 
cells. NC: Vero cells received no treatment; LPS: Vero cells treated 
with 10 μg/mL of LPS for 4 hours; API: Vero cells treated with 5 μg/
mL of apigenin for 12 hours; LPS+API: Vero cells treated with 5 μg/
mL of apigenin for 12 hours + 10 μg/mL of LPS for 4 hours. Data are 
mean ± SD for four independent experiments. a p<0.05: significantly 
different from LPS and LPS+API groups; b p<0.05: significantly diffe-
rent from NC, API and LPS+API groups; Duncan test.

3.4. Effect of Apigenin on TNF-α Concentration in LPS-

Treated Vero Cells

The effect of apigenin administration of 5 μg/mL for 12 hours 
on TNF-α concentration in LPS-treated Vero cells and the 
differences between groups are presented in Figure 4. The 
results of the TNF-α levels of the groups were given in Table 
1. The TNF-α concentrations were 292.3 ± 12.5 pg/mL in the 
LPS group, 67.3 ± 4.3 pg/mL in the NC group, 63.0 ± 4.5 pg/
mL in the API group, and 101.0 ± 3.2 pg/mL in the LPS+API 
group. The LPS-treated group showed a 4.3-fold, 4.6-fold, 
and 2.9-fold increase in TNF-α levels when compared with 
the negative control group, API group, and LPS+API group, 
respectively (p<0.05). The secretion of TNF-α in the LPS+API 
group was significantly suppressed by apigenin compared 
with the level in the LPS-treated cells (p<0.05).

Fige 4. Effect of apigenin on TNF-α concentration in LPS-treated 
Vero cells. NC: Vero cells received no treatment; LPS: Vero cells tre-
ated with 10 μg/mL of LPS for 4 hours; API: Vero cells treated with 
5 μg/mL of apigenin for 12 hours; LPS+API: Vero cells treated with 5 
μg/mL of apigenin for 12 hours + 10 μg/mL of LPS for 4 hours. Data 
are mean ± SD for four independent experiments a p<0.05: signifi-
cantly different from LPS and LPS+API groups; b p<0.05: significantly 
different from NC, API and LPS+API groups; Duncan test.

3.5. Effect of Apigenin on TGF-β Concentration in LPS-
Treated Vero Cells

The effect of apigenin administration of 5 μg/mL for 12 hours 
on TGF-β concentration in LPS-treated Vero cells and the 
differences between groups are presented in Figure 5. The 
results of the TGF-β levels of the groups were given in Table 
1. The TGF-β concentration were 312.8 ± 10.2 pg/mL in LPS 
group, 27.0 ± 4.2 pg/mL in NC group, 32.3 ± 3.9 pg/mL in API 
group and 150.0 ± 11.0 pg/mL in LPS+API group. The LPS-
treated group showed an 11.6-fold, 9.7-fold, and 2.1-fold 
increase in TGF-β levels when compared with the negative 
control group, API group, and LPS+API group, respectively 
(p<0.05). The secretion of TGF-β in the LPS+API group was 
significantly suppressed by apigenin compared with the level 
in the LPS-treated cells (p<0.05).

Fig 5. Effect of apigenin on TGF-β concentration in LPS-treated Vero 
cells. NC: Vero cells received no treatment; LPS: Vero cells treated 
with 10 μg/mL of LPS for 4 hours; API: Vero cells treated with 5 μg/
mL of apigenin for 12 hours; LPS+API: Vero cells treated with 5 μg/
mL of apigenin for 12 hours + 10 μg/mL of LPS for 4 hours. Data are 
mean ± SD for four independent experiments. a p<0.05: significantly 
different from LPS and LPS+API groups; b p<0.05: significantly diffe-
rent from NC, API and LPS+API groups; Duncan test.
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4. DISCUSSION

Inflammation is known to play a role in the pathogenesis 
of kidney diseases by stimulating the release of cytokines 
and increasing the production and activity of adhesion 
molecules (3). Proinflammatory cytokines have a critical 
role in mediating irreversible tubular injury and nephron 
failure (23). Scientific reports have suggested that flavonoid 
supplements exhibit alleviate renal damage by suppressing 
inflammation (24,25). Apigenin has been shown to exhibit 
potent anti-inflammatory activity (15-18). Our present study 
focused on the anti-inflammatory activity of apigenin in renal 
cell inflammation. For this purpose, in vitro effect of apigenin 
on anti – and pro-inflammatory cytokines including IL-6, IL-
10, TNF-α, and TGF-β in renal cell inflammation induced with 
LPS was evaluated by ELISA.

The prophylactic use of apigenin has been reported 
that alleviates inflammation by suppressing COX-2 and 
NF-κB pathways by decreasing IL-1β, IL-6, and TNF-α 
concentrations, leukocyte count, and neutrophil percentage 
in bronchoalveolar lavage fluid (16). In human monocyte 
cells, apigenin has been shown to exert an anti-inflammatory 
effect by suppressing T helper cell-1 and T helper cell-2-
related chemokine production and modulating MAPK (17). 
It has also been stated that apigenin inhibits LPS-induced 
NF-κB activity in lung tissue, reduces the infiltration of 
inflammatory cells, and the accumulation of chemotactic 
factors (18). Hesperidin has been reported to alleviate the 
acetaminophen-induced inflammation in renal tubular 
cells (26). Consumption of isoflavone-rich soybean foods 
can alleviate systemic inflammation through inflammatory 
mediators in hemodialysis patients has been reported (27). 
Chrysin at different doses has been shown to alleviate 
kidney damage in adenine-induced experimental chronic 
kidney disease in rats (28). A previous study has reported 
that epicatechin supplementation with diet alleviated the 
renal cortex inflammation in high-fructose-diet-fed rats (29). 
Quercetin protects the kidney against lead-induced kidney 
injury by affecting the MAPK and NF-κB signaling pathways 
(30). Naringin treatment in cisplatin-induced nephrotoxicity 
has been reported to reduce TNF-α concentration in kidney 
tissue (31). Genistein has been shown to significantly inhibit 
urinary MCP-1 excretion and renal intercellular adhesion 
molecule – 1 expression in diabetic mice (32). Baicalin, which 
was used to ameliorate tubulointerstitial fibrosis in mice with 
unilateral ureteral obstruction, has been reported to inhibit 
the inflammatory process by inactivating NF-κB and MAPK 
signaling pathways (33). Malik, et al. reported that nobiletin 
alleviates acute kidney injury induced by cisplatin in a dose-
dependent manner (34).

Markedly increased TNF-α concentration in HK-2 cells which 
were exposed to 10 μg/ml LPS for 3 hours has been reported 
(35). Similarly, in our study, the TNF-α level in the group 
treated with 10 μg/mL for 4 hours of LPS was significantly 
increased when compared to the negative control group, 
API group, and LPS+API group (p<0.05). TNF-α secretion 
in the LPS+API group was determined to be significantly 

inhibited by apigenin compared to the level in cells treated 
with LPS (p<0.05). In another study, it has been shown that 
apigenin inhibits the production of IL-1β, IL-8, and TNF-α, 
by suppressing NF-κB activity and modulating immune 
responses by suppressing inflammation in LPS-induced 
mouse macrophages (15). The researchers have stated that 
apigenin at the doses of 1 μg/mL and 10 μg/mL suppresses 
the LPS-induced IL-6 concentration, however, did not affect 
TNF-α concentration. Similar to these findings, we also 
determined that the IL-6 level was significantly increased 
when Vero cells were exposed to 10 mg/mL LPS for 4 hours 
compared to the negative control, API, and LPS+API groups. 
However, we determined that the increased IL-6 level due 
to LPS exposure was significantly suppressed by apigenin at 
a dose of 5 mg/ml administered for 12 hours. In addition, 
administration of LPS to Vero cells resulted in a significant 
increase in IL-10 levels. IL-10 level in the LPS+API group 
was determined to be significantly suppressed by apigenin 
compared to the level in cells treated with LPS (p<0.05). 
Apigenin inhibits LPS-induced IL-6 and/or TNF-α production 
in murine macrophage cells has been reported (21). It has 
also been reported that TNF-α-induced NF-kB transcriptional 
activation is significantly inhibited by apigenin (36). Apigenin 
administration significantly reduced the levels of TNF-α, 
IL-1β, and TGF-β in the kidneys in mice with cisplatin-induced 
kidney injury in a dose-dependent manner (37). Apigenin-
rich diet has been reported to exert anti-inflammatory 
activity by reducing miR-155 and TNF-α expressions in the 
lungs of LPS-treated mice (38). In our study, the LPS-treated 
Vero cell line showed a significant increase in TGF-β levels 
when compared with the negative control group, API group, 
and LPS+API group (p<0.05). However, the elevated TGF-β 
level in LPS-treated cells was significantly suppressed by the 
administration of 5 mg/mL apigenin for 12 hours (p<0.05).

5. CONCLUSIONS

Our findings showed that apigenin significantly reduced LPS-
induced IL-6, IL-10, TNF-α, and TGF-β formations in Vero 
cells. These findings indicate that apigenin has potent anti-
inflammatory effects in LPS-induced in vitro renal cell damage 
by modulating pro-inflammatory and anti-inflammatory 
cytokine responses which are inflammatory mediators. 
These results need to be supported by in vivo trials and 
clinical applications.
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ABSTRACT

Objective: Intermittent hypoxia (IH) implementation is a method performed by intermittently decreasing oxygen concentration in inhaled air at 
specific rate. This method varies between studies in terms of its application. This study aims to examine the changes in Complete Blood Count 
(CBC) parameters caused by IH implementation at therapeutic dose ranges with a single model.

Methods: Ten Sprague Dawley type adult male rats were divided into two groups. In the study group, FiO2 level of inhaled air, was reduced 
to 10% in hypoxic cycle. 5 minutes normoxia-hypoxia cycle was used in each 30 minutes experiment period for study group. Control group 
remained in normoxic air for 30 minutes. 1 cc of blood was taken from mandibular vein from all rats at the end of 6th day. CBC analyzes were 
performed and differences between two groups were investigated.

Results: Significant differences were detected in some CBC parameters between the two groups. It was determined that significant increase in 
MONO (p<0.001), MONO% (p<0.001), MCH (p=0.03), PLT (p=0.013) and PCT (p=0.007) parameters and significant decrease in MPV (p=0.02) 
parameters, in favor of study group.

Conclusion: IH implementation was caused significant changes in MONO, MONO%, MCH, PCT, PLT and MPV parameters in the CBC analysis 
of rats. Considering the study results, therapeutic IH implementation may thought to have important effects in terms of lung protection and 
regeneration. Further research may focus on this point for precising and supporting of this study’ results.

Keywords: Intermittent hypoxia, complete blood count tests, animal model
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The Effects of Therapeutic Intermittent Hypoxia Implementation 
on Complete Blood Count Parameters: An Experimental Animal 
Model

1. INTRODUCTION

Using the complete blood count test (CBC) is spread for 
predicting respiratory system status in the last years (1). 
This method is also started using in studies on intermittent 
hypoxia (IH) implementation.

IH implementations are classified as chronic and acute 
implementations. IH occurs after the decrease of arterial 
partial pressure of oxygen (PaO2) in the blood of the living 
organism when the inspired oxygen level reached to the 
range of 35-60 mmHg (2). Although knowledge on the 
dosage and method of implementation for IH is not clear, 
it is generally implemented with varying episodes of lower 
oxygen levels for 30 minutes. It has been reported that the 
principle of “moderate hypoxia, few episodes” could increase 
the effectiveness of IH and could help avoid harmful effects 
(3).

Many useful effects of intermittent hypoxia implementation 
have been investigated until today. These studies include 
that phrenic long-term facilitation, hypoglossal long-
term facilitation, ventilatory long-term facilitation, brain-
derived neurotrophic factor (BDNF) and serotonin release, 
erythropoietin, hemoglobin levels and monocyte counts 
(4,5,6,7,8,9).

CBC is a group of tests that analyse cells circulating in the 
blood along with white blood cells (WBC), red blood cells 
(RBC) and platelets (PLT). The methods of implementation 
of intermittent hypoxia varies according to studies in the 
literature. In addition, differences are observed between 
studies for CBC analysis. This study aims to examine the 
changes in CBC parameters caused by IH implementation at 
therapeutic dose ranges with a single model. In this way, we 
think that results will shed light on the expected positive or 
negative changes in CBC parameters for future studies on IH.
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2. MATERIALS AND METHODS

2.1. Experimental Animals

Sprague Dawley type 7 – 10 weeks old male rats constituting 
the sample of our study constituted the study sample. Their 
weight was between 321 and 408 grams. Rats were randomly 
selected into groups. The sample size of our study was 
calculated using the PS Power and Sample Size version 3.1.2 
Software Program (United States). The data of Linnarsson et 
al. were used for the sample size calculation (10). When the 
power analysis of the study was determined to be “p” less 
than 0.05 (p<0.05) and 80% reliability, the sample size was 
determined as 10.

The experimental animals were divided into two groups.

(1) Study group (n = 5): Intermittent Hypoxia group

(2) Control group (n = 5): Normoxic atmosphere group

During the experiment, rats were kept under controlled 
environmental conditions (12 hr light/dark cycle, temperature 
23°C) and standard laboratory food and water were provided 
ad libitum until the end of the study. Rats were kept in 
different cages until the end of the study.

2.2. Ethical Approval

The research was conducted in accordance with the 
Declaration of Helsinki. Ethical approval for animal 
experiments was obtained from the Local Ethics Committee 
of Bezmialem Vakif University (Date: 27.09.2019, No: 
2019/227).

2.3. Experimental Procedure

To implement the hypothesis, two completely identical 
cabinets of 20x30x40 cm were used. The oxygen level, 
pressure, temperature and humidity sensors were placed 
that inaccessible to the rats, in the study cabin and insulated 
cables were taken out of the box and computer connection 
was established. Arduino UNO (Ivrea, Italy) was used as an 
intermediate module and sensors were operated on this 
platform. The oxygen level of the cabin was determined 
with the Winsen electrochemical cell (Zhengzhou Winsen 
Electronics Technology Co., Ltd. Zhengzhou, China), placed 
on the Grove brand sensor card (Seeed Technology Co.,Ltd. 
Shenzhen, China). The highly sensitive sensor was working 
in the range of 0 to 25% oxygen concentration. The voltage 
information sent from the sensor was transformed into its 
real value via the microcontroller. During the experiments, 
this information was continuously displayed on a screen. At 
the same time, the information recorded in the serial port 
was put into the prepared report.

The control of oxygen ratio in the cabin was provided by 
nitrogen gas released into the cabin. When the oxygen ratio 
wants to be reduced to 10%, a 1.5 bar pressure was given 
from the nitrogen tank compressed into the cabin. The Grove 
sensor was continuously controlled and the gas flow was 

stopped when it reached its real value. When there was a 
decrease in the oxygen rate, air flow was provided from the 
environment through a cover that could be opened from the 
outside and so the oxygen value was kept at the desired value. 
All ports, opening to the outside, were covered with silicone 
for preventing air passage. Thus, the cables were prevented 
from being damaged by rats, and the rats are prevented from 
harming themselves through cables and devices. During the 
normoxia period, the door of the cabinet was opened and 
the environment in which the rats were located was provided 
to atmospheric conditions. It was shown that atmospheric 
conditions were formed in line with the data from the oxygen 
sensor as shown in Figure 1. Holes were drilled in the cabin 
of the control group in order not to disturb the atmospheric 
weather conditions. In this way, the atmospheric conditions 
were protected in their environment.

Figure 1. Cabinet environment of study group rats (a; Insulating 
material to prevent air passage, b; Protection of sensors, c; Nitrogen 
gas inlet, d; Pressure balancing balloon, e; Data transfer module, f; 
Sensors).

During the experiment, five rats were placed in each cabin. 
The experiment ended six days and the rats were put in 
the cabin at the same time each day. Sensors transferred 
data to the computer every five seconds. The experiment 
was implemented for 30 minutes, once a day. During the 
experiment, both rat groups were kept in the box for the 
same time. The experimental procedure was continued 
by the same researcher. At the end of the experiment on 
6th day, rats were anesthetized with isoflurane in 50% O2 
(balance N2) for CBC measurement followed by 1 cc blood 
drawn from the jugular vein. The experimental procedure is 
shown in Figure 2..
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Figure 2. (a) Flow chart of the experiment; (b) Illustration of the 
study and control groups.

2.4. IH Implementation

The study group was exposed to hypoxia every five minutes. 
Hypoxia was provided by supplying nitrogen gas into the box 
till oxygen level reaches to 10% (11). The balloon was fixed 
to the box to balance the pressure of the compressed air and 
the pressure inside was kept constant. Following each period 
of hypoxia, the study box was restored to a five-minutes 21% 
oxygen level, completing the cycle. 15 minutes of hypoxia 
and 15 minutes of normoxia were implemented to the rats 
every day during the experiment as shown in Figure 3.

Figure 3. Graphical form of hypoxia episodes.

The rats in the control group were provided with a box same 
to the one in the study group. During the experiment, the rats 
in the control group were also taken into the experimental 
boxes. It was aimed not to originate an environment 
difference between the two groups. While hypoxic time 
periods were established in the study group box, the control 
group box was kept in normoxic state for 6 days. The subjects 
in this group were taken from their cages in the laboratory 
as in the study group and placed in a box equivalent to that 
of the study group for 30 minutes. No other procedure was 
implemented to the rats in this group as shown in Figure 3.

CBC measurements: CBC measurements were made with the 
same device located in the same laboratory (Abacus Junior 
Vet 5, Seico Scientific ltd. Punjab, Pakistan). Performed CBC 
measurements included WBC count, RBC count, lymphocyte 
(LYM), lymphocyte percentage (LY%), monocytes count 
(MONO), monocyte percentage (MONO%), granulocytes 
count (GRA), granulocyte percentage (GR%), mean 
corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH), hemoglobin (HGB), hematocrit (HCT), mean 
corpuscular hemoglobin concentration (MCHC), red cell 
distribution width (RDWc), platelets count (PLT), plateletcrit 
(PCT), mean platelet volume (MPV) and platelet distribution 
width (PDWc) (1,12,13,14).

2.5. Statistical Analysis

Descriptive statistical analyzes were used to present the 
obtained data. The Mann Whitney U test was used to evaluate 
the statistical significance of the CBC measurement values of 
the study and control groups. Analyzes were performed using 
Instat Statistical Package Program (GraphPad Prism Version 8 
Software Program San Diego, CA) and p<0.05 was considered 
as statistically significant.

3. RESULTS

One cc of blood was drawn from the rats three hours after the 
end of the experiment and placed in tubes to use in CBC analysis. 
The results were listed as expressed as shown in Table 1.

Table 1. Complete blood count analysis results.

Parameters CBC 
Measurement

Study Group
Mean ± SD

Control Group
Mean ± SD

p

WBC (109/L) 14.856 ± 0.69 14.302 ± 0.76 >0.05
LYM (109/L) 10.438 ± 1.05 10.628 ± 1.02 >0.05

MONO (109/L) 0.99 ± 0.8887 0.204 ± 0.06989 <0.001***
GRA (109/L) 3.574 ± 0.832 3.474 ± 0.36 =0.13

LY% 69.38 ± 7.516 74.18 ± 3.473 =0.16
MONO% 6.66 ± 5.953 1.4 ± 0.4637 <0.001***

GR% 23.96 ± 4.862 24.4 ± 3.564 >0.05
RBC (109/L) 8.356 ± 0.318 8.592 ± 0.124 =0.09
HGB (g/dL) 15.38 ± 0.497 15.36 ± 0.2074 =0.12

HCT (%) 46.15 ± 1.738 46.76 ± 0.7592 =0.14
MCV (fL) 55.2 ± 0.836 54.4 ± 0.894 =0.18
MCH (pg) 18.4 ± 0.3317 17.88 ± 0.2864 =0.03*

MCHC (g/dL) 33.34 ± 0.61 32.84 ± 0.492 =0.19
RDWc (%) 15.98 ± 0.216 15.82 ± 0.37 >0.05
PLT (109/L) 908.4 ± 106.2 872.6 ± 23.64 =0.013*

PCT (%) 0.586 ± 0.0789 0.584 ± 0.01517 =0.007**
MPV (fL) 6,46 ± 0,114 6,66 ± 0,114 =0.02*
PDWc (fL) 33.1 ± 1.072 33.32 ± 0.96 >0.05

(*, p<0.05; **, p<0.01; ***, p<0.001, CBC: complete blood count, WBC: white 
blood cells, LYM: lymphocyte, MONO: monocyte count, GRA: granulocytes 
count, LY%: lymphocyte percentage, MONO%: percentage of monocytes, 
GR%: granulocyte percentage, RBC: red blood cells, HGB: hemoglobin, 
HCT: hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular 
hemoglobin, MCHC: mean corpuscular hemoglobin concentration, RDWc: 
red cell distribution width, PLT: platelets count, PCT: plateletcrit, MPV: mean 
platelet volume, PDWc: platelet distribution width)
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3.1. MONO and MONO% Values

In the CBC analyzes of the rats, it was observed that the 
MONO (p<0.001) and MONO% (p<0.001) values increased 
significantly in the study group compared to the control 
group as shown in Figure 4a, 4b.

The mean MONO value was determined as 0.99x109/L (±0.88887) 
in the study group, and 0.204 x109/L (±0.06989) in the control 
group, respectively. In addition, the minimum MONO value was 
measured as 0.09 x109/L and the maximum MONO value was 
measured as 1.95 x109/L. In the control group, the minimum 
MONO value was measured as 0.0 9 x109/L and the maximum 
MONO value was measured as 0.28 x109/L. For the MONO% 
parameter, the mean value detected in the study group was 
6.66% (±5.953), and the determined value in the control group 
was 1.4% (±0.4637). The MONO% value measured in the study 
group was determined as minimum 0.6% and maximum 13.3%. 
In the control group, the measured minimum MONO% value 
was 0.6% and the maximum MONO% value was 1.8%.

3.2. MCH Values

According to the analysis, the MCH value in the study group 
increased significantly compared to the control group 
(p=0.03). In the study group, the mean MCH value was 
determined as 18.4 pg (±0.3317), the minimum was 18.1 pg, 
and the maximum was 18.8 pg as shown in Figure 4c. In the 
control group, the mean MCH value was determined as 17.88 
pg (±0.2864), the minimum was 17.5 pg, and the maximum 
was 18.3 pg as shown in Figure 4c.

3.3. PCT Values

It was found that PCT values increased significantly in the 
study group compared to the control group (p=0.007). The 
mean PCT values were determined as 0.586% (±0.07893) in 
the study group and determined as 0.584% (±0.01517) in the 
control group. On the other hand, the minimum PCT value 
was measured as 0.49% and the maximum PCT value was 
measured as 0.7% in the study group, while the minimum 
PCT value was measured as 0.57% and the maximum PCT 
value was measured as 0.61% in the control group.

3.4. MPV Values

There was a significant decrease in MPV values in the study 
group (p=0.02). The mean MPV values was determined as 
6.46 fL (±0.114) and 6.66 fL (±0.114) in the study and control 
groups, respectively. The minimum MPV value was measured 
as 6.3 fL and the maximum MPV value was 6.6 fL in the study 
group. In the control group, the minimum MPV value was 
detected as 6.5 fL and the maximum MPV value was 6.8 fL as 
shown in Figure 4d.

3.5. PLT Values

PLT value in the study group increased significantly compared 
to the control group (p=0.013). While the mean PLT value in 

the study group was determined as 908.4 x109/L (±106.2), it 
was determined as 872.6 x109/L (±23.64) in the control group. 
In the study group, the minimum PLT value was detected as 
786 x109/L and the maximum PLT value was 1066 x109/L. In 
the control group, the minimum PLT value was measured as 
844 x109/L and the maximum PLT value was determined as 
901 x109/L as shown in Figure 4e.

Figure 4. (a) Monocyte count (MONO) (p<0.001); (b) Percentage of 
monocytes (MONO%) (p<0.001); (c) Mean corpuscular hemoglobin 
(MCH) (p=0.03); (d) Plateletcrit (PCT) (p=0.007); (e) Platelet (PLT) 
count (p=0.013); (f) Mean platelet volume (MPV) (p=0.02); S, study 
group; C, control group.

3.6. HGB and HCT Values

There was no significant difference in HGB and HCT values 
between the control and study groups. The mean HGB values 
were found as 15.38 g/dL (±0.497) and 15.36 g/dL (±0.2074) 
in study and control groups, respectively. In addition, the 
mean HCT values were determined as 46.15% (±1.738) and 
46.76% (±0.7592) in study and control groups, respectively.

No significant difference was found between the two groups’ 
WBC, LYM, GRA, LY%, GR%, RBC, MCV, MCHC, RDWc and 
PDWc parameters as shown in Table 1.

4. DISCUSSION

The purpose of this study is to observe results that IH 
implementation causes in CBC analysis. Evaluations were 
made after 10% FiO2, 5-minutes normoxia-hypoxia cycles, 
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daily 30-minutes implementations for 6 days. As a result of 
CBC analysis, changes were found in MONO, MONO%, MCH, 
PCT, PLT and MPV parameters. While there was a significant 
increase in the values of MONO, MONO%, MCH, PCT and PLT 
parameters in the study group, the opposite was found in the 
MPV value.

In the study, the IH protocol was implemented using a special 
cabinet. There is no consensus in the literature regarding 
the IH implementation method in rats. In some studies, 
this point is not clearly stated in the methodology; In some 
publications, the use of masks is stated. Since we wanted 
to eliminate the risk of leakage in the use of masks in the 
rat, IH was implemented using a special cabin in this study. 
The cabin used in the research was specially designed by the 
research team during the preparation phase. With special 
sensors used in the cabin design, the oxygen density in the 
cabin was checked and verified before each implementation.

IH implementation does not have a standard protocol. 
According to literature, FiO2, normoxia-hypoxia cycles, 
daily implementation times and total implementation time 
differ. Considering these differences, it has been observed 
that beneficial effects can be obtained from IH without 
pathological effects when moderate hypoxia (9-16% inspired 
FiO2) and low cycle number (3-15 episodes per day) are 
used. On the other hand, severe hypoxia (2-8% inspired FiO2) 
and high cycle number (48-2,400 episodes per day) were 
found causing pathological effects (3). In addition to achieve 
standardization, it is necessary to reduce the PaO2 value in 
the blood from 90 (± 5,5) mmHg to 35 – 60 mmHg (2).

In line with this information, we evaluated the responses of 
IH implemented in CBC analyzes without causing pathological 
effects in the study.

Alvarez-Martins et al. reported that chronic IH implementation 
caused an increase in MONO numbers in rats with obstructive 
sleep apnea (9). However, chronic IH implementations 
consist of severe hypoxia (5% inspired FiO2) and a prolonged 
implementation period (10.5 h / day). In addition to this 
study, an increase in monocyte was found in both acute and 
chronic IH implementations. The increase in MONO, which 
occurs without any infection, may correlate improvement 
of the lungs. The reason for this situation is thought to be 
the physiological response of the body, it is thought to be 
an infectious response due to hypoxia inducible factor (HIF) 
synthesis due to IH administration (15,16). The reason of the 
increase in MONO% (p<0.001) parameter was due to the 
increase in MONO (p<0.001).

MCH refers to the amount of hemoglobin per erythrocyte, and 
low-level MCH has been found to be strongly associated with 
intensive care admission due to myocardial infarction (17). 
In a study, low level MCH was found to be highly correlated 
with mortality rate, and a significant relationship was pointed 
out between very high level of MCH and mortality (18). In our 
study, in terms of the CBC analysis, there was no significant 
difference in hemoglobin and hematocrit levels between 
the two groups, but it was found that MCH increased 

significantly in the study group (p=0.03). In other words, 
IH implemented for 30 minutes for 6 days increased the 
amount of hemoglobin per erythrocyte. The increase of the 
MCH levels, can be interpreted as increasing the hemoglobin 
number in the erythrocyte for to meet the oxygen demand of 
the tissue against the decrease in PaO2 levels, and supporting 
the efficient transport and use of oxygen.

McDonald et al. showed that increased PLT levels were 
demonstrated and related to the hypoxia (19). Berg et al. 
reported that platelets play an important role in the repair 
of the lung parenchyma (20). In their studies, it was observed 
that with the increase of alveolar hypoxia, platelet-derived 
growth factor-B production increased to protect the lung 
tissue. Other studies, high levels of PCT were reported 
in pediatric cases with chronic lung disease, and the PCT 
value has been reported to show a positive correlation 
with C – reactive protein (CRP). In addition, in the pediatric 
mortality studies in the hospital, they were reported that 
the survival rate was higher in cases with high PCT values 
(21,22,23). According to our study, increased PCT (p=0.007) 
values can be interpreted as a reaction developed against 
hypoxia. Recently literature has reported that individuals’ 
who was affected from COVID-19, the MCH levels have 
diminished (24). Additionally, it was found that the decrease 
continued until the end of the treatment and continued 
after the therapy. In our study, we found that the MCH levels 
increased significantly after IH. We think that alternative IH 
implementations may provide positive respiratory effects in 
patients with critically pulmonary diseases. Comprehensive 
studies associated with IH implementation are needed on 
this area.

MPV, which indicates the mean size of the platelets in the 
bloodstream, is one of the indicators of platelet activity (25). 
There are many studies investigating the change of MPV 
levels in non-communicable diseases. Slavka et al. defended 
the relationship between MPV and thromboembolic 
complications and cardiovascular events (26). Kodiatte et al. 
have suggested a high-level MPV relationship with diseases 
such as diabetes mellitus and hypertension, while Przygodzki 
et al. defended the opposite view (27,28). Kanbay et al. 
reported that the high MPV values in obstructive sleep apnea 
associated with the severe hypoxemic periods experienced 
by these cases (29). In the current study, a decrease was 
observed in MPV value in rats treated with IH as shown in 
Figure 4f. This result suggests that MPV may change according 
to period, duration and severity of hypoxic episodes. There 
are require to further research on this subject.

Brito et al. were found that there was an increase in HGB 
and HCT values in adults who were exposed to chronic IH 
(30). According to the study conducted by Zhang et al. it 
was observed that there was a significant increase in HGB, 
HCT and RBC levels in IH implemented rats compared to 
the control group (31). The experiment period in this study 
lasted 28 days (31). In our study, there was an insignificant 
decrease in HCT (p=0.14) and RBC (p=0.09) parameters 
compared to the control group. On the other hand, there was 
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an insignificant increase in the HGB parameter (p=0.12). No 
significant difference was found in other values measured in 
CBC analysis. Our experiment completed in 6 days. However, 
if the duration of IH implementation is extended, we think 
that HGB, HCT and RCB values may change.

This study contains some limitations. Since saturation 
monitoring can be performed under anesthesia in rats, 
saturation measurements could not be performed in 
our study due to the direct effect of anesthesia. The lack 
of measurement of blood gas parameters was another 
limitation. The distance between the evaluation and test 
laboratories on our campus has prevented the preservation 
of the samples taken. An additional device could not be 
purchased due to high costs. On the other hand, since the 
rats should not enter into hypovolemia, the location of the 
rats was not changed and this measurement could not be 
made.

5. CONCLUSION

It has been observed that the parameters of the CBC were 
evaluated a very limited level in the studies on IH. The 
target of this study is based on what kind of changes will 
be discussed in the CBC analysis with IH implementation at 
therapeutic levels. In this study, changes in CBC parameters 
were detected with IH, which was applied systematically. 
Each rat in the study group was exposed to a uniform IH 
pattern. As a result of IH implementation, significant changes 
were observed in MONO, MONO%, MCH, PCT, PLT and MPV 
parameters in the CBC analysis of rats. We think that the 
effects of therapeutic IH implementation on MONO and 
MONO% levels may be effective in lung regeneration and 
lung protection. In addition, our results support that the PLT 
activity is inhibited by the decrease in the MPV level despite 
the increase in the PLT level. In this way, we can say that the 
risk of thrombosis is reduced. The increase in PCT expected 
due to the decrease in MPV appeared as a normal result. 
However, the expected reduction in PDWc in correlation with 
the decrease in MPV was not statistically significant.

The intermittent hypoxia method used in this study, which 
was defined as “Therapeutic dose” and consisted of 
moderate hypoxia (9-16% FiO2) – low cycles (3-15 episodes 
per day), did not cause a pathological effect and gave positive 
results on CBC. The changes revealed by IH implementation 
on CBC parameters suggested that this dose protocol used 
could provide minimum negative effect and maximum gain. 
This supports the applicability of the IH model in our study in 
clinical trials under controlled conditions. In future studies, 
the effects of therapeutic IH implementation on lung tissue 
healing, increasing blood oxygen transport efficiency and 
immune system can be investigated in appropriate patient 
population and clinical conditions.

Considering all these conditions, therapeutic IH 
implementation may thought to have important effects in 
terms of lung protection and regeneration. Further research 

may focus on this point for precising and supporting of this 
study’ results.

Authors Contributions

Conception and design of the experiments: T.K., M.S. and 
A.Y.O. Collection, analysis and interpretation of data for the 
experiments: T.K., M.S., S.U., A.K., H.D. and A.Y.O. Drafting 
and revising the article critically for important intellectual 
content: T.K. and A.Y.O. All authors approved the final 
version of the manuscript and agree to be accountable for all 
aspects of the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are appropriately 
investigated and resolved. All persons designated as 
authors qualify for authorship, and all those who qualify for 
authorship are listed.

Competing Interests

None

Funding

There is no funding support for this study.

REFERENCES

[1]	 Guang Y, Jie Z, Feng D, Hui L. Surrogate scale for evaluating 
respiratory function based on complete blood count 
parameters. J Clin Lab Anal 2018;32(5):e22385.

[2]	 Xing T, Pilowsky PM. Acute intermittent hypoxia in rat in vivo 
elicits a robust increase in tonic sympathetic nerve activity 
that is independent of respiratory drive. J Physiol 2010;588(Pt 
16):3075-3088.

[3]	 Navarrete-Opazo A, Mitchell GS. Therapeutic potential of 
intermittent hypoxia: a matter of dose. Am J Physiol Regul 
Integr Comp Physiol 2014;307(10):R1181-1197.

[4]	 Baker TL, Mitchell GS. Episodic but not continuous hypoxia 
elicits long-term facilitation of phrenic motor output in rats. J 
Physiol 2000;529 Pt 1(Pt 1):215-219.

[5]	 Ryan S, Nolan P. Episodic hypoxia induces long-term facilitation 
of upper airway muscle activity in spontaneously breathing 
anaesthetized rats. J Physiol 2009;587(Pt 13):3329-3342.

[6]	 Nakamura A, Olson EB Jr, Terada J, Wenninger JM, Bisgard GE, 
Mitchell GS. Sleep state dependence of ventilatory long-term 
facilitation following acute intermittent hypoxia in Lewis rats. J 
Appl Physiol 2010;109(2):323-331.

[7]	 Lovett-Barr MR, Satriotomo I, Muir GD, Wilkerson JE, Hoffman 
MS, Vinit S, Mitchell GS. Repetitive intermittent hypoxia 
induces respiratory and somatic motor recovery after chronic 
cervical spinal injury. J Neurosci 2012;32(11):3591-3600.

[8]	 Nagel MJ, Jarrard CP, Lalande S. Effect of a single session of 
intermittent hypoxia on erythropoietin and oxygen-carrying 
capacity. Int J Environ Res Public Health 2020;17(19):7257.

[9]	 Alvarez-Martins I, Remédio L, Matias I, Diogo LN, Monteiro 
EC, Dias S. The impact of chronic intermittent hypoxia on 
hematopoiesis and the bone marrow microenvironment. 
Pflugers Arch 2016;468(5):919-932.



752Clin Exp Health Sci 2022; 12: 746-752 DOI: 10.33808/clinexphealthsci.1018541

Effect of Intermittent Hypoxia on CBC Original Article

How to cite this article: Kilic T, Sengor M, Ustunova S, Kilic A, Daskaya H, Ozer AY. The Effects of Therapeutic Intermittent Hypoxia 
Implementation on Complete Blood Count Parameters: An Experimental Animal Model. Clin Exp Health Sci 2022; 12: 746-752. DOI: 
10.33808/clinexphealthsci.1018541

[10]	 Linnarsson S, Björklund A, Ernfors P. Learning deficit in BDNF 
mutant mice. Eur J Neurosci 1997;9(12):2581-2587.

[11]	 Wen MH, Wu MJ, Vinit S, Lee KZ. Modulation of serotonin 
and adenosine 2A receptors on intermittent hypoxia-induced 
respiratory recovery following mid-cervical contusion in the 
rat. J Neurotrauma 2019;36(21):2991-3004.

[12]	 Kerschensteiner M, Gallmeier E, Behrens L, Leal VV, Misgeld 
T, Klinkert WE, Kolbeck R, Hoppe E, Oropeza-Wekerle RL, 
Bartke I, Stadelmann C, Lassmann H, Wekerle H, Hohlfeld 
R. Activated human T cells, B cells, and monocytes produce 
brain-derived neurotrophic factor in vitro and in inflammatory 
brain lesions: a neuroprotective role of inflammation? J Exp 
Med 1999;189(5):865-870.

[13]	 Lommatzsch M, Niewerth A, Klotz J, Schulte-Herbrüggen O, 
Zingler C, Schuff-Werner P, Virchow JC. Platelet and plasma 
BDNF in lower respiratory tract infections of the adult. Respir 
Med 2007;101(7):1493-1499.

[14]	 Yamamoto H, Gurney ME. Human platelets contain brain-
derived neurotrophic factor. J Neurosci 1990;10(11):3469-
3478.

[15]	 Scott MKD, Quinn K, Li Q, Carroll R, Warsinske H, Vallania 
F, Chen S, Carns MA, Aren K, Sun J, Koloms K, Lee J, Baral J, 
Kropski J, Zhao H, Herzog E, Martinez FJ, Moore BB, Hinchcliff 
M, Denny J, Kaminski N, Herazo-Maya JD, Shah NH, Khatri P. 
Increased monocyte count as a cellular biomarker for poor 
outcomes in fibrotic diseases: a retrospective, multicentre 
cohort study. Lancet Respir Med 2019;7(6):497-508.

[16]	 Colgan SP, Furuta GT, Taylor CT. Hypoxia and innate immunity: 
keeping up with the HIFsters. Annu Rev Immunol 2020;38:341-
363.

[17]	 Huang YL, Hu ZD. Lower mean corpuscular hemoglobin 
concentration is associated with poorer outcomes in intensive 
care unit admitted patients with acute myocardial infarction. 
Ann Transl Med 2016;4(10):190.

[18]	 Honda H, Kimachi M, Kurita N, Joki N, Nangaku M. Low 
rather than high mean corpuscular volume is associated with 
mortality in Japanese patients under hemodialysis. Sci Rep 
2020;10(1):15663.

[19]	 McDonald TP. Platelet production in hypoxic and RBC-
transfused mice. Scand J Haematol 1978;20(3):213-220.

[20]	 Berg JT, Breen EC, Fu Z, Mathieu-Costello O, West JB. 
Alveolar hypoxia increases gene expression of extracellular 
matrix proteins and platelet-derived growth factor-B in lung 
parenchyma. Am J Respir Crit Care Med 1998;158(6):1920-
1928.

[21]	 Draz IH, Shaheen IA, Youssef EA. Platelets count and platelets 
indices; mean platelet volume and plateletcrit in pediatric 
chronic lung disease. Egypt Pediatric Association Gaz 
2020;68:69.

[22]	 Sayed SZ, Mahmoud MM, Moness HM, Mousa SO. Admission 
platelet count and indices as predictors of outcome in children 
with severe sepsis: a prospective hospital-based study. BMC 
Pediatr 2020;20(1):387.

[23]	 Golwala ZM, Shah H, Gupta N, Sreenivas V, Puliyel JM. Mean 
platelet volume (MPV), platelet distribution width (PDW), 
platelet count and plateletcrit (PCT) as predictors of in-
hospital paediatric mortality: a case-control study. Afr Health 
Sci 2016;16(2):356-362.

[24]	 Zhao G, Su Y, Sun X, Cui X, Dang L, Zhao L, Tan X, Wang H, 
Yang M. A comparative study of the laboratory features of 
COVID-19 and other viral pneumonias in the recovery stage. J 
Clin Lab Anal 2020;34(10):e23483.

[25]	 Tsiara S, Elisaf M, Jagroop IA, Mikhailidis DP. Platelets as 
predictors of vascular risk: is there a practical index of platelet 
activity? Clin Appl Thromb Hemost 2003;9(3):177-190.

[26]	 Slavka G, Perkmann T, Haslacher H, Greisenegger S, Marsik C, 
Wagner OF, Endler G. Mean platelet volume may represent 
a predictive parameter for overall vascular mortality and 
ischemic heart disease. Arterioscler Thromb Vasc Biol 
2011;31(5):1215-1218.

[27]	 Kodiatte TA, Manikyam UK, Rao SB, Jagadish TM, Reddy M, 
Lingaiah HK, Lakshmaiah V. Mean platelet volume in type 2 
diabetes mellitus. J Lab Physicians 2012;4(1):5-9.

[28]	 Przygodzki T, Luzak B, Kassassir H, Mnich E, Boncler M, 
Siewiera K, Kosmalski M, Szymanski J, Watala C. Diabetes and 
hyperglycemia affect platelet GPIIIa expression. Effects on 
adhesion potential of blood platelets from diabetic patients 
under in vitro flow conditions. Int J Mol Sci 2020;21(9):3222.

[29]	 Kanbay A, Tutar N, Kaya E, Buyukoglan H, Ozdogan N, Oymak 
FS, Gulmez I, Demir R. Mean platelet volume in patients 
with obstructive sleep apnea syndrome and its relationship 
with cardiovascular diseases. Blood Coagul Fibrinolysis 
2013;24(5):532-536.

[30]	 Brito J, Siqués P, León-Velarde F, De La Cruz JJ, López V, 
Herruzo R. Chronic intermittent hypoxia at high altitude 
exposure for over 12 years: assessment of hematological, 
cardiovascular, and renal effects. High altitude medicine & 
biology 2007;8(3):236–244.

[31]	 Zhang CY, Zhang JX, Lü XT, Li BY. Effects of intermittent hypoxic 
exposure on the parameter of erythrocyte and serum hypoxia 
inducible factor-1 alpha and erythropoietin levels. Xi Bao Yu 
Fen Zi Mian Yi Xue Za Zhi 2009;25(10):932-934.



Clinical and Experimental 
Health Sciences

Copyright © 2022 Marmara University Press
DOI: 10.33808/clinexphealthsci.1021171

Clin Exp Health Sci 2022; 12: 753-759
ISSN:2459-1459

 
ABSTRACT

Objective: The most common type of epilepsy affecting about 50 million people worldwide is temporal lobe epilepsy (TLE). Chemical and 
electrical kindling methods in animals can be used to form TLE model. In the present study, it was aimed to investigate neurogenesis in the 
hippocampus of adult kindled Wistar rats and genetic absence epilepsy rats from Strasbourg (GAERS) rats by immunofluorescence methods.

Methods: Adult Wistar and GAERS albino rats weighing 250-300 gr were injected pentylenetetrazole (PTZ) (35 mg/kg, s.c.) every other day 
to produce chemical kindling. Animals having 5 times grade 5 seizures were considered to be kindled. Intracardiac perfusion was performed 
under deep anesthesia on the 7th and 14th days after the last grade 5 seizure. Immunofluorescence methods were used to demonstrate newly 
formed neurons, astroglial cells, and mature neurons, by using anti-doublecortin (DCX), anti-glial fibrillary acidic protein (GFAP), and anti-
neuronal nuclear antigen (NeuN) primary antibodies, respectively. Sections were then examined under a fluorescence microscope.

Results: DCX (+) cells were found to be increased in GAERS control groups compared to the Wistar control groups; and in Wistar PTZ groups 
compared to the Wistar control groups. DCX (+) cells were decreased in GAERS PTZ groups compared to their controls and to Wistar PTZ groups.

Conclusion: The findings of the present study suggest that the resistance to electrical kindling of GAERS reported in previous studies might be 
related to the increased neurogenesis in this strain.

Keywords: Doublecortin, hippocampus, kindling, neurogenesis
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Investigation of Neurogenesis in Kindled Wistar and Genetic 
Absence Epilepsy Rats

1. INTRODUCTION

Genetic absence epilepsy rats from Strasbourg (GAERS) is a 
well known animal model of absence epilepsy. In the beginnig 
of 1980’s, researchers found out that 30% of control Wistar 
rats exhibited spike and wave discharges on EEG. They inbred 
these animals and named as GAERS (1).

Epilepsy affects 50 million people worldwide and the most 
common form of this disease is temporal lobe epilepsy 
(TLE) (2). Chemical and electrical kindling in experimental 
animals allow to mimic this disease (3). Pentylenetetrazole 
(PTZ) is one of the agents to generate TLE model.

Idiopathic generalized absence epilepsy and TLE in the 
same patient are rarely seen and the reason is not well 
understood (4, 5). GAERS strain was shown to have only 

stage 2 seizure, although Wistar controls had stage 5 seizure 
(5). The underlying mechanisms of absence epilepsy were 
suggested to be responsible for the resistance to secondary 
generalization of limbic seizures.

Neurogenesis occurs in two regions in the adult brain: 
Subventricular zone and the subgranular zone of hippocampal 
dentate gyrus. (6). Studies have shown that migrating neurons 
differentiate into mature, functional neurons and astrocytes 
(7, 8, 9). Recent studies have reported that abnormal 
hippocampal neurogenesis had a role in the pathophysiology 
of TLE (10, 11, 12).

Epileptic seizures affect neurogenesis. Acute seizures or 
limbic epileptogenesis stimulates neurogenesis (9, 13). 
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Seizures cause some neurogenic cells to migrate (9). These 
neurons trigger epileptogenic hippocampal circuit (10).

Doublecortin (DCX) is a microtubule-associated protein and 
widely expressed during embryonic and early postnatal 
development in the developing neurons (14). It is widely 
investigated in neurogenesis studies.

In the present study, neurogenesis in the kindled Wistar and 
GAERS rats was investigated by using immunofluorescence 
methods.

2. METHODS

2.1. Animals

Adult male Wiatar albino and GAERS rats weighing 250-300 
g were used in the present study. Animals were obtained 
from Marmara University, The Experimental Animal 
Implementation and Research Center. All experiments 
were done according to the national guidelines on animal 
experimentation and were approved by the Marmara 
University Local Ethical Committee for Experimental 
Animals (70.2017.mar, 09.10.2017). The animals were 
housed with free access to water and food in a 12-h light/
dark cycle and humidity controlled room (21±2°C and 65-
70% humidity).

2.2. Experimental Groups

Groups were as follows:

1.	 Sham-operated Wistar group 7 days (n=6)

2.	 Sham-operated Wistar group 14 days (n=6)

3.	 PTZ Wistar group 7 days (n=6)

4.	 PTZ Wistar group 14 days (n=6)

5.	 Sham-operated GAERS group 7 days (n=3)

6.	 Sham-operated GAERS group 14 days (n=3)

7.	 PTZ GAERS group 7 days (n=4)

8.	 PTZ GAERS group 14 days (n=3)

2.3. Chemical Kindling

Animals were injected 35 mg/kg PTZ (s.c.) every other day to 
induce chemical kindling. After the injection, animals were 
observed for 30 min and seizure development stages were 
recorded according to Racine’s scale (15, 16). Animals having 
5 times stage 5 seizures were accepted as kindled. Sham-
operated groups were injected saline and observed for 30 
min.

2.4. Perfusion Fixation

Animals in the PTZ group were anesthetized (100 mg/
kg ketamine and 10 mg/kg xylazine hydrochloride) and 

perfused 7 and 14 days after the last stage 5 seizure. Then the 
animals were perfused with a fixative solution containing 4% 
paraformaldehyde in 0.1 M phosphate buffer, pH 7.3. After 
decapitation, brain tissues were obtained and incubated in 
the same fixative solution overnight at 4°C. Sham-operated 
animals were also perfused with the same method on the 
same days as PTZ group.

2.5. Immunofluorescence Method

After fixation, tissues were cryoprotected by incubating in 
sucrose solution (0.1 M phosphate buffer, pH 7.3). Then the 
tissues were frozen at – 80ºC and 5-micron-thick sections were 
obtained by a cryotome. Endogenous peroxidase activity was 
blocked by 3% hydrogen peroxide. Protein block was applied 
to prevent nonspecific staining (Skytek Superblock Solution). 
Sections were then incubated in anti-DCX antibody (1:4000, 
ab18723) to show newly formed progenitor neurons, for 1 
h at 37ºC. Sections were then incubated either in anti-glial 
fibrillary acidic protein (anti-GFAP, 1:500, MAB3402) to show 
astrocytes, or in anti-neuronal nuclear antigen (anti-NeuN, 
1:5000, MAB377) antibody to show mature neurons, for 1 h 
at 37ºC. Dylight 550 conjugated goat anti-rabbit secondary 
antibody (1:600, Thermo Pierce 84541) was used for anti-
DCX antibody 1 h at room temperature at dark. After washing 
in phosphate buffer, Dylight 488 conjugated goat anti-mouse 
secondary antibody (1:400, Thermo Pierce 35502) was 
applied for anti-GFAP or anti-NeuN antibodies for 1 h at 
room temperature at dark. Sections were then mounted on 
glass slides with a mounting medium containing diamidino-
2-phenylindole dihydrochloride (DAPI). Hippocampal regions 
were examined under a DP72 Olympus CCD camera attached 
BX51 photomicroscope (Japan).

3. RESULTS

3.1. Wistar Sham-Operated Groups

DCX (+) cells were seen after applying DCX-GFAP and DCX-
NeuN immunofluorescence methods. DCX (+) cells were 
observed in subgranular zone (Figure 1a, b). NeuN (+) cells 
were observed in hilus and granular layer in 7 days (Figure 
2a) and 14 days (Figure 2b) groups.

3.2. Wistar PTZ Groups

DCX (+) cells were observed in Wistar PTZ 7 days (Figure 1c) 
and 14 days (Figure 1d) groups in subgranular zone. These 
cells were increased both in Wistar PTZ 7 days and 14 days 
groups compared to the sham-operated control groups. DCX 
and NeuN (+) cells were observed in subgranular zone in 7 
days (Figure 2c) and 14 days (Figure 2d) groups.

3.3. GAERS sham-operated groups

DCX (+) cells were observed in 7 days (Figure 1e) and 14 
days (Figure 1 h) groups in subgranular zone. These cells 



755Clin Exp Health Sci 2022; 12: 753-759 DOI: 10.33808/clinexphealthsci.1021171

Neurogenesis in Genetic Absence Epilepy Rats Original Article

were observed to be increased compared to Wistar sham-
operated groups. DCX and GFAP (+) cells were observed in 
dentate gyrus both in 7 days and 14 days groups. DCX-NeuN 
(+) cells were observed in subgranular zone in 7 days group 
(Figure 2e). Some cells in hilus showed both NeuN and DCX 
positivity in 14 days groups (Figure 2f).

3.4. GAERS PTZ Groups

DCX (+) cells were observed in subgranular zone in 7 days and 
14 days groups and some DCX (+) cells were observed to form 
clusters (Figure 1g). DCX (+) cells in 14 days group (Figure 1h) 
were less compared to Wistar PTZ 14 days group (Figure 1d). 
DCX and NeuN (+) cells were observed in hilus in 7 days group 
(Figure 2g) and in subgranular zone in 14 days group (Figure 2h).

Figure 1. DCX-GFAP-DAPI triple immunofluorescence staining. Green: GFAP, red: DCX, blue: DAPI. (a) Wistar sham-operated 7 days group. 
Arrow: DCX (+) cell. (b) Wistar sham-operated 14 days group. Arrow: DCX (+) cell. (c) Wistar PTZ 7 days group. Arrows: DCX (+) cells. Arrowhead: 
DCX-GFAP (+) cell. (d) Wistar PTZ 14 days group. Arrow: DCX (+) cells in the subgranular layer. (e) GAERS sham-operated 7 days group. Arrow: 
DCX (+) cell in the subgranular layer. (f) GAERS sham-operated 14 days group. Arrows: DCX (+) cells. (g) GAERS PTZ 7 days group. Arrows: DCX 
(+) cells. (h) GAERS PTZ 14 days group. Arrows: DCX (+) cell projections. White arrowhead: GFAP (+) cells. Yellow arrowhead: DCX-GFAP double 
(+) cell projections.



756Clin Exp Health Sci 2022; 12: 753-759 DOI: 10.33808/clinexphealthsci.1021171

Neurogenesis in Genetic Absence Epilepy Rats Original Article

4. DISCUSSION

In the present study, control Wistar albino and GAERS rats were 
injected 35 mg/kg (s.c.) PTZ and chemical kindling model was 

generated. Neurogenesis was found to be increased in Wistar 
PTZ groups compared to Wistar sham-operated groups and 

Figure 2. DCX-NeuN double immunofluorescence staining. Green: NeuN, red: DCX. (a) Wistar sham-operated 7 days group. Arrow: DCX (+) cell. 
(b) Wistar sham-operated 14 days group. Arrow: DCX (+) cell. (c) Wistar PTZ 7 days group. Arrow: DCX-NeuN (+) cell. (d) Wistar PTZ 14 days 
group. Arrows: DCX-NeuN (+) cells. (e) GAERS sham-operated 7 days group. Arrow: DCX-NeuN (+) cell. (f) GAERS sham-operated 14 days group. 
Arrows: DCX-NeuN (+) cells. (g) GAERS PTZ 7 days group. Arrows: DCX-NeuN (+) cells. (h) GAERS PTZ 14 days group. Arrow: DCX (+) cell. Yellow 
arrowhead: DCX (+) cell projection. White arrowhead: DCX-NeuN (+) cell.
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in GAERS control groups compared to Wistar control groups. 
It was decreased in GAERS PTZ groups compared to their 
controls and to Wistar PTZ groups.

Neurogenesis is observed in subgranular zone of the 
hippocampal dentate gyrus and in subventricular zone in 
the adult brain (6). In our study, in parallel with the previous 
studies, DCX (+) cells were observed in the dentate gyrus in 
all groups and these were suggested to be the newly born 
neural progenitor cells.

GAERS strain rats were shown to resist electrical kindling 
previously (5). However, in the present study, we observed 
that GAERS rats were not resistant but more susceptible 
to PTZ kindling compared to Wistar rats. PTZ is a GABA-A 
receptor agonist and is used to generate epileptic seizures 
in experimental animals (17, 18). In GAERS rats, extracellular 
GABA was shown to be increased by microdialysis method 
in the thalamus (19, 20). Because there is an increased 
GABAergic mechanisms in this strain, GABAergic system may 
have been supressed and seizure susceptibility might have 
been increased. In a previous study, GAERS were found to 
be susceptible to GABA agonists, and that they needed less 
dose compared the controls (21). Our findings were in line 
with this study and GAERS rats needed less number of PTZ 
injections and had grade 5 seizure. Similarly, in GAERS, GABA 
withdrawal syndrome was generated and it was reported 
that convulsive seizures induced by PTZ injections were more 
in GAERS (22). Researchers related this cortical vulnerability 
induced by GABA withdrawal and PTZ to spike and wave 
discharges.

TLE models induced by kainic acid and pilocarpine showed 
cell proliferation in hippocampal dentate gyrus (8, 23). 
However, neurogenesis is decreased in chronic TLE (24). 
In animal models of absence epilepsy, including gamma-
hydroxybutyrate, AY-9944 and WAG/Rij, different results were 
obtained (25, 26). The reason might be the strain differences. 
Scott et al. observed no difference between absence epilepsy 
group and control group in terms of neurogenesis; however, 
they observed increased neurogenesis in kindling group, 
which is a TLE model (25). In that study, it was concluded 
that spike and wave discharge frequency in absence 
epilepsy might not be sufficient for stimulating increased 
neurogenesis. Cell increase in kindling model in the same 
study was related to cell death. However, cell death was not 
observed in absence epilepsy. In our study, we used GAERS 
rats as an absence epilepsy model and we observed more 
DCX (+) cells compared to Wistar controls and concluded that 
neurogenesis was increased in this model. The reason for the 
different findings in the present study compared to that of 
Scott et al. might be that different absence epilepsy models 
and histological methods were used in these two different 
studies. Scott et al. used BrdU to show neurogenesis and 
TUC-4 as a marker for neurogenesis (25).

In the present study, it was observed that Wistar PTZ groups 
had more DCX (+) cells compared to their control groups. 
However, in PTZ GAERS groups, when compared to their 
sham-operated control groups and to PTZ Wistar groups, 

less DCX (+) cells were observed. The reason for this might 
be that GAERS reached stage 5 seizure in less time compared 
to Wistar rats and there may not be sufficient time for 
neurogenesis. Our findings suggest that seizure type may 
also be a factor affecting neurogenesis. Our study, showing 
the relation between GAERS and neurogenesis, fills a gap in 
the literature. To our knowledge, there is no study showing 
neurogenesis in GAERS.

In a previous study, it was shown that mature astrocytes also 
express DCX in human neocortex in some disease conditions 
(27). This dual presence of GFAP-DCX in astrocytes was 
suggested to play a role in glia-neuron communication. In 
the same study, it was also reported that DCX was expressed 
as punctate-like structures in the progenitor cells. In line 
with these previous studies, we observed DCX and GFAP 
(+) astrocyte like cells in all groups. The function of GFAP in 
multipotent neural progenitor cells in the subgranular zone 
is not known. In our study, we observed DCX and GFAP (+) 
cells in the Wistar PTZ 14 days group and that these cells 
showed bipolar morphology. Similarly, Garcia et al. reported 
that adult multipotent neural progenitor cells expressing 
GFAP were the major source of in vivo adult neurogenesis 
and they showed bipolar or unipolar morphology, and had 
less projections compared to non-neurogenic multipolar 
astrocytes (28). These findings suggest that GFAP expressing 
neural progenitor cells are different from astrocytes. In the 
present study, we observed that both neural progenitor cells 
and mature astrocytes showed the dual presence of DCX and 
GFAP.

In a previous study, DCX (+) cell clusters were demonstrated 
in the subgranular zone of dentate gyrus in the first days 
after BrdU injection (29). Similarly, we observed DCX (+) cells 
in clusters in GAERS PTZ group. Brown at al. reported that 
these cells had no distinct cell projections and the others 
resembled neuroblasts and their projections were parallel to 
the granular layer. In the same study, it was observed that 
DCX (+) cells were integrated into the granular layer 7 days 
after BrdU injection and they projected towards molecular 
layer. Similarly, we observed that DCX (+) cell projections 
projected towards molecular layer by passing through the 
granular layer. These dendrite-like DCX (+) projections were 
more distinct in the PTZ groups. This finding suggests that 
newly formed neurons in PTZ groups contribute to the neural 
plasticity.

DCX-NeuN coexistence was reported in previous studies in 
adult brain of the rodents (29). Brown et al. reported that 
NeuN (+) cells started expressing DCX 10 days after BrdU 
injection and this expression lasted until 14th day, and double 
expression was not observed after 14th day. Another study 
reported that 8% of newly born neurons also expressed NeuN 
(30). Liu et al. did not observe coexistence of DCX-NeuN in 
normal human brain; however, in the epileptic temporal lobe 
cortex, 40% of DCX (+) cells were also positive for NeuN (31). 
Based on these findings, they concluded that neurogenesis 
was increased in epileptic brain and newly formed neurons 
were more mature than that of in the normal brain. In our 
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study, we observed DCX-NeuN dual presence in the same 
cell both in kindling and control groups in GAERS strain. We 
concluded that these cells might be in a more mature stage in 
their development, and DCX-NeuN (+) cells in the hilus might 
have migrated to hilus after being formed in SGZ. Moreover, 
Scott et al. observed dual presence of TUC-4, a marker for 
progenitor neurons, and NeuN (25).

5. CONCLUSION

In conclusion, our findings showed increased neurogenesis in 
the sham-operated genetic absence epilepsy rats compared 
to sham-operated Wistar controls, and this result suggested 
to be related to their resistance to electrical kindling. 
Besides, DCX presence both in mature astrocytes and in 
neural progenitors, suggests that marker for this protein is 
not specific to neurogenesis. We suggest that when used 
in neurogenesis studies, marker for this protein should be 
accompanied by the use of other newly born neuron markers.
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ABSTRACT

Objective: Nailfold Videocapilloroscopy (NVC) is an examination method that is used as an aid in the diagnosis, follow-up, and treatment strategy 
of rheumatic diseases such as systemic sclerosis, systemic lupus erythematosus, rheumatoid arthritis, and gives an idea about microcirculation 
by examining the vascular bed. It is a cheap, easily applicable, and quickly accessible method. Because of these features, we aimed to use the 
NVC method in patients with Gluten Enteropathy (GE) to determine whether this method will be a helpful technique in the diagnosis, activation 
decision, remission follow-up, and treatment strategy in patients with GE.

Methods: In this study, 67 patients diagnosed with GE (n=35 disease-active group (AGE), n=32 disease-related remission group (RGE), and 
control group (CG)-27 healthy people whose diagnosis of GE was ruled out were included in this study. Group and CG were divided into 
ten parameters in capillary pathologies (capillary density loss, dilated capillary, giant capillary, microhemorrhage, avascular area, tortuosity, 
branched capillary, disorganization, extravasation, angiogenesis). They were divided into two groups as RGE and compared with the results 
obtained from NVC measurements.

Results: When patients diagnosed with GE and CG were evaluated in terms of capillary disorder with NVC, While all of the patients with capillary 
disorders were in the GE group, no capillary disorders were found in the control group (p<0.01). When patients diagnosed with GE were divided 
into two groups (AGE and RGE), NVC measurements were compared; All patients with capillary disorders were found in the AGE group (p<0.01). 
Capillary density loss and/or avascular area were detected in 80.9% of patients with capillary disorders.

Conclucion: Our study found a statistically significant difference in NVC measurements between GE patients and CG (p<0.01). The fact that 
all patients with capillary disorders were in the active group in terms of the disease and no capillary disorders were detected in any patients 
in remission showed that this method could be used as an auxiliary technique in the diagnosis of GE, making the decision of activation or 
remission, monitoring the disease and determining treatment strategies.
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The Relationship Between Gluten Entheropathy and Nail 
Capileroscopy Findings and Disease Activation

1. INTRODUCTION

Gluten enteropathy (GE) is a disease that affects the small 

intestines. It progresses with chronic damage due to the 

inflammatory T cell response against the storage proteins 

called “gluten” in wheat, rye, barley, and oat (1). The clinical 

manifestations of this disease, which is also defined as celiac 

disease, are recurrent episodes of diarrhea and constipation, 

abdominal distention, abdominal pain, gastroesophageal 

reflux, weight loss, fatigue, anemia, osteoporosis, and 

malnutrition (2). The diagnosis combines clinical features, 

specific serological markers, endoscopic appearance, and 
biopsy results (3).

 Nailfold Videocapilloroscopy (NVC) is an examination method 
used to diagnose rheumatic diseases such as systemic 
sclerosis, systemic lupus erythematosus, rheumatoid arthritis, 
and gives an idea in terms of microcirculation by examining 
the vascular bed. With NVC, the capillaries in the nail bed 
are enlarged approximately 200 times, and parameters 
such as capillary density loss, hemorrhage, avascular area, 
neogenesis, tortuosity, and disorganization are evaluated. 
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This method is the best non-invasive technique used to 
evaluate microcirculation in vivo. It is an inexpensive, easily 
applicable method that guides the diagnosis, activation, 
remission, and even response to treatment of autoimmune 
diseases (4).

The pathogenesis of the extraintestinal manifestations of 
celiac disease is unknown. For example, some patients 
are faced with a clinic that leads to cirrhosis due to severe 
hepatotoxicity. The proposed mechanism in these patients 
was to find more hepatotoxins in the portal circulation. 
The presence of anti-tyroglobulin autoantibodies in liver 
biopsies supports this mechanism and suggests vascular-
mediated organ damage (5). It has also been shown that 
celiac disease is associated with autoimmune diseases that 
cause microvascular damage, such as Sjögren’s syndrome 
and systemic lupus erythematosus (6). In conclusion, 
although there is no study showing that celiac disease causes 
microvascular damage, it has suggested the possibility that 
this disease itself may cause damage to the microvascular 
bed by an unknown mechanism. This study was planned 
because capillaroscopy is the easiest method of examining 
the microvascular bed.

In this study, we aimed to determine whether there is a 
relationship between nail bed capillaroscopic findings of 
Celiac Disease, a systemic disease. We desired to see whether 
a Celiac disease helps decide on activation or remission with 
our results.

2. METHODS

2.1. Inclusion Criteria

 Sixty-seven patients diagnosed with GE were included in 
the study. GE anti-tissue transglutaminase [a-TTG] sought 
positivity in these patients. Afterward, the small intestine 
biopsy taken by the endoscopic method was retrospectively 
scanned and evaluated histologically with the March-
OberHuber classification. Patients in the Type 3 class with a 
high probability of GE biopsy findings based on intraepithelial 
lymphocyte increase (IEL), crypt hyperplasia, and villus 
shortening findings were included in the study (7,8).

 Two groups were formed, the patient group with a diagnosis 
of GE, 35 patients with active disease (AGE), and 32 patients 
who met the criteria for remission (RGE). AGE’s inclusion 
criteria were active clinical symptoms, positive a-TTG, and 
MOH type 3 class on endoscopic biopsy. All of the patients 
in this group were recruited from newly diagnosed patients. 
The patients in the RGE group were previously clinically 
positive, a-TTG positive, endoscopically in the MOH type 
3 class, diagnosed with GE, had no clinical findings with 
a gluten-free diet, had negative autoantibodies, and lost 
typical pathological findings in endoscopic biopsy (MOH 
type 0, 1 and 2) patients are included. On the other hand, 
27 non-smokers whose CG was admitted to the outpatient 
clinic of our hospital with nonspecific dyspeptic complaints, 

GE diagnosis was ruled out by serology and biopsy, without 
any systemic disease and pregnancy, were included.

2.2. Exclusion Criteria

 In our study, patients younger than 16 years of age and 
older than 65 years, with any autoimmune disease such as 
systemic sclerosis, systemic sclerosis, systemic diseases such 
as hypertension, diabetes mellitus, chronic kidney failure, 
acute kidney failure, congestive heart failure, chronic lung 
diseases, malignancy, dilated cardiomyopathy. Patients with 
conditions or habits such as smoking and alcohol were not 
included in the study. Persons with congenital nail anomaly 
and anatomical defect or who lost a part of their finger in any 
way were also excluded from the study.

2.3. Methodology

NVC examination in all patients was performed by a 
VideoCap 3.0 videocapillaroscopy device and an experienced 
capillaroscopy specialist. The study was planned to be 
single-blind from the point of view of the capillaroscopist. 
Control capillaroscopy was designed one month later to 
demonstrate the reproducibility of the analysis. However, it 
could not be performed due to the possibility of changing 
the capillaroscopy of the patients under treatment and 
affecting the results. The biggest shortcoming of our study is 
the lack of reproducibility. NVC measurements were divided 
into ten parameters: dilated capillary, giant capillary, loss of 
capillary density, avascular area, disorganization, tortuosity, 
extravasation, microhemorrhage, branched capillary, and 
angiogenesis. Each individual to be examined for NVC was left 
in the test room at a temperature of 20-22˚C for at least 15 
minutes before the procedure. The thickness of the standard 
capillary wall is 0.5 micrometer (µm), and its diameter is 4-9 
µm (9). The diameter of the arterial column is 5-15 µm, and the 
diameter of the venular column is 7-18 µm. Dilated capillaries 
were defined as the arterial column diameter of the capillary 
larger than 15 µm or the venular column diameter more 
significant than 20 µm in NVC measurements. Capillaries 
with an arterial or venous column larger than 50 µm were 
defined as giant capillaries. Capillary density; is defined as 
the number of capillaries with a length of 1 millimeter (mm) 
in the distal row at each nail base (10). The presence of 9 to 
13 capillaries per 1 mm in length was taken as a reference, 
and fewer than nine capillaries were accepted as a decrease 
in capillary density (11). The avascular area was considered 
two or more capillary reductions in different regions of the 
nail fold (10). Normal capillaries are straight like a hair or 
inverted u-shaped like a hairpin, and the deterioration of 
this architectural structure was considered disorganization. 
The term tortiotized was used for capillary folding. A hazy 
appearance on capillaroscopy due to extravasation of plasma 
from the damaged capillaries was accepted as extravasation. 
Bleeding outside the capillary due to capillary damage was 
considered a microhemorrhage. Capillaries with bush-like 
branches were deemed to be branched capillaries. Tortuosity 
in the capillary bed, branching, bush-type capillaries, 
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and anastomoses between capillaries were accepted as 
angiogenesis (11).

 AGE, RGE, and C.G. were measured with our NVC device, and 
the relationship between the groups was investigated.

2.4. Statistical Analysis

 AGE, RGE, and CG were measured with our NVC device, 
and all the patients investigated age, gender, and the 
relationship between them and NVC. The analysis tested 
compliance of numerical data with normal distribution with 
the ShaphiroWilk test. The Mann-Whitney U test was used 
to compare the non-normally distributed variables in the 
two groups. The relationship between categorical variables 
was tested with Chi-square. Descriptive statistics are given 
as mean ± standard deviation and median (25%-75%) for 
numerical variables and numbers (%) for categorical variables. 
Analytical measurements used SPSS 22.0 package program in 
the analysis, and p<0.05 was considered significant.

2.5. Ethics Approval

This study was carried out by T.C. It has been prepared with 
the approval of Gaziantep University Faculty of Medicine 
Ethics Committee with the number 300/2017.

3. RESULTS

The summary of the population included in our study is in 
table 1. The people included in the study consisted of 71.3% 
(n=67) patients with a diagnosis of GE, 28.7% (n=27) from CG, 
and a total of 94 people were included in the study. When GE 
and CG were compared in gender, 70.4% (n=19) of CG was 
female, and 70.1% (n=47) of GE was female. When GE and CG 
were compared in terms of gender and age, no statistically 
significant difference was found (female 70.1% vs. 70.4%, 
p=0.983, 27.64±10.06 years vs. 28.81±3.82 years, p=0.275).

Table 1. Flowchart of the study population.

Distribution of GE patients participating in the study 
according to the March-OberHuber classification; type 0: 
40.3% (27), type 1: 4.5% (3), type 2: 3% (2), type 3a: 3% (2), 
type 3b: 6% (4), type 3c: 43.3% (29) was found (Figure 1). The 

patients with Type 0, 1 and 2 were in the RGE class, and the 
patients in Type 3 were in the AGE class.

Figure 1. Distribution of patients according to March-OberHuber 
classification

Figure 2. Disease duration of the RGE group

The distribution of the group in remission according to the 
years of follow-up; was determined as 31% (10) under four 
years, 47% (15 between 4 and 8 years), 22% (7) at eight years 
and above (Figure 2).

When the NVC measurement results of GE and CG were 
compared, the capillary disorder was found in 31.3% (21) of 
GE, and no pathology was detected in CG (p=0.001) (Table 2).

Table 2. Capillary disorder comparison between GE and CG.

PATIENT/CONTROL GROUP

GE (n=67) CG (n=27) p

Capillary 
Disorder

Negative 46 68,70% 27 100,00%
0,001

Positive 21 31,30% 0 0,00%

When GE was evaluated within itself, it was divided into 
two groups as AGE and RGE. No significant difference was 
found between AGE and RGE in evaluating gender and 
age (respectively; 71.4% female vs. 68.8% female, p=0.81, 
28.80±11.05 years vs. 26.37±8, 85 years, p=0.355).
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In NVC measurements made between AGE and RGE, the 
capillary disorder was detected in 60% (n=21) of AGE, and no 
capillary disease was detected in NVC measurements made 
in RGE. This result was statistically significant (Table 3).

Table 3. Capillary disorder comparison between AGE and RGE.

GROUP

AGE (n=35) RGE (n=32) p

Capillary 
Disorder

Negative 14 40,00% 32 100,00%
0,001

Positive 21 60,00% 0 0,00%

Considering the subclasses of NVC measurements in AGE, 
capillary density loss and avascular area coexistence in 7 
patients, density loss, dilated capillary and avascular area 
coexistence in 4 patients, density loss and dilated capillary 
coexistence in 2 patients, density loss, avascular area, and 
microhemorrhage coexistence in 1 patient were found. 
Also, loss of density in 2 patients, tortuosity in 2 patients, 
microhemorrhage in 1 patient, dilated capillary area in 1 
patient, avascular location in 1 patient, and capillary disorder 
were detected in 21 patients in total. Giant capillaries, 
branching, disorganization, extravasation, and neogenesis 
were not seen in any patients.

4. DISCUSSION

During the development of GE disease, the duration of 
exposure to gluten and the onset and development of 
autoimmune disease is directly proportional (12). In the 
measurements we made in our study, all patients with 
capillary disorders were newly diagnosed and active in terms 
of the disease. This result shows that there is a significant 
relationship between capillary disorder and GE. While no 
capillary disorders were detected in our 32 patients in 
clinical, pathological, and complete laboratory remission, 
the detection of all patients with capillary disorders in the 
active patient group supports that gluten exposure is directly 
related to microvascular damage.

With the ingestion of gluten in GE, immunological events 
in which clinical findings occur due to the combination of 
gliadin peptides found in the small intestinal mucosa and 
HLA class II molecules begin. The tissue groups that show this 
reaction the most are HLA-DQ2 and HLA-DQ8 (13). It has been 
demonstrated that the 33-mer peptide in the structure of the 
gliadin molecule is the precursor molecule that initiates the 
inflammatory response in genetically predisposed individuals 
(14). This inflammatory response may also be causing 
damage at the capillary level. It is known that the level of 
serum a-TTG is related to the degree of villous atrophy (15). 
In the evaluation of these patients, it was determined that 
all 21 patients with capillary disorders were in the active 
AGE group, and antibody positivity was shown in all active 
patients. These results lead us to a significant relationship 
between the activity of the disease and the capillary disorder. 
The absence of capillary damage in any patient in remission 

supports this finding. As a result, it has been suggested that 
this method is a non-invasive and easy-to-apply helpful 
method that can be used in diagnosing GE, distinguishing 
active or remission disease, and monitoring the effectiveness 
of treatment.

In the NVC measurements we made in our study; We 
have classified capillary disorders into ten subclasses as 
capillary density loss, dilated capillary, giant capillary, 
microhemorrhage, tortuosity, avascular area, extravasation, 
branched capillary, disorganization, and neogenesis. In our 
measurements, capillary density loss in 76.2% (16) of patients 
with capillary disorders, an avascular area in 61.9% (13), 
dilated capillaries in 33.3% (7), and 9.5% (2 ) we detected 
microhemorrhage and tortuosities. In our measurements, 
capillary density loss in 76.2% (16) of patients with capillary 
disorders, the avascular area in 61.9% (13), dilated capillaries 
in 33.3% (7), and 9.5% (2 ) we detected microhemorrhage 
and tortuosities. In particular, loss of capillary density is seen 
in Raynaud’s phenomenon and scleroderma. In contrast, 
the avascular area is seen in Wegener’s disease, systemic 
lupus erythematosus, and scleroderma, and these two 
pathologies show direct tissue hypoxia (10,11). In our study, 
these two pathologies were detected together in 12 of our 
patients. When evaluated in total, we found that at least one 
of these two pathologies was present in 17 of 21 patients 
with capillary disorders (80.9% of patients with capillary 
disorders). This result suggested that the capillary disorder 
developing in the nail bed in GE disease was predominantly 
secondary to tissue hypoxia. These findings are similar to 
NVC findings seen in scleroderma. In a single-case publication 
presented by R.Thonhofer et al., it was found that an active 
scleroderma pattern was detected in the capillaroscopy 
measurement performed in a patient diagnosed with GE, and 
NVC measurements were found to improve with the removal 
of gluten from the diet (15). This single case presentation 
on this subject, which can be found in the literature review, 
supports the results of our study.

5. CONCLUSION

As a result of our study, it has been seen that NVC 
measurements are a proper method in diagnosing GE, 
predicting disease activation, and monitoring the response 
to treatment. Disruption of nail microarchitecture in active 
GE suggested that the disease may have systemic effects 
through immunological mechanisms. This finding may 
indicate that there are new pathways in the pathogenesis of 
the disease. These findings may contribute to elucidating the 
immunology of the disease.
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ABSTRACT

Objective: The study was carried out to examine the relationship between nurses’ professional values and caregiver roles.

Methods: This study is based on a descriptive correlational research design using a structural equation model. 366 nurses participated in the 
study. It was gathered using Nurse Promotion Form the Professional Values Scale of Nurses and the Attitude Scale for Their Caregiver Roles.

Results: The total mean score of the Nurses’ Professional Values Scale was determined as 94.73±17.87. Nurses’ Perceptions of Caregiving Roles 
Attitude Scale total score mean was determined as 62.41±9.22. According to the Structural Equation model, professional values of nurses 
explain 39% of the change in the value of the attitude towards caregiver roles (R2 =0.39).

Conclusion: Nurses’ professional values and attitudes towards caregiver roles are at a good level and professional values of nurses partially 
affect the attitude towards caregiver roles.
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The Relationship Between Nurses’ Professional Values and 
Their Attitudes Towards Care Giving Roles: A Structural 
Equation Model

1. INTRODUCTION

Values are goals and beliefs that affect a person’s decisions, 
behaviors, choices and the resulting lifestyle (1). Each 
individual has its own values and these values are gained as 
a result of education, experience, culture and interpersonal 
relations (2). Values representing basic beliefs about what is 
right, good or desired affect both personal and professional 
behavior (3). Professional values are defined as common 
beliefs about the value or quality of common concepts and 
behaviors over a particular discipline. Professional values 
as common beliefs bring together individuals with different 
cultural backgrounds and are considered the basis for 
creating a standard professional identity and ideology (4,5). 
Professional values that form the basis of nursing practices 
(6) are one of the most important factors that guide nurses’ 
thoughts, actions, practices and interactions with patients 
(2,7).

Nurses are guided by professional values in the decision-
making process regarding care actions to be implemented 
and in resolving ethical problems. Nurses who internalize 
professional values gain competence in resolving conflicts 
and determining priority actions and so they contribute to 

maintaining a quality, safe and ethical care (8). It is extremely 
important for nurses to be aware of professional values such 
as accuracy, honesty, altruism, autonomy, and equality in 
order to offer a qualified and humanistic patient care (9). 
Studies examining the professional values of nurses have 
shown that nurses adopt values such as human dignity, 
social justice, autonomy, honesty, responsibility, professional 
commitment and trust (4,10,11).

Nursing care is based on a series of universal humane and 
altruistic values that will bring meaning and satisfaction to 
people’s lives in their relationships with others (5). Conditions 
such as insufficient or undeveloped nurses ‘professional values 
affect nurses’ goals, strategies, actions and especially caregiver 
roles (1). The care giving role emerges as an ancient role that 
forms the core of the traditional practice of nurses. And other 
roles of modern nursing are thought to derive from the caregiver 
role, while nurses are most independent in practicing their 
caregiver roles, and this role is the role of nursing profession 
(12). In their study, Pang et al. (13) have determined that nurses’ 
problem solving and critical thinking skills, determining patient 
care needs and resolving patient and family concerns are affected 

https://orcid.org/0000-0003-3643-7098
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by values. In addition, similar studies have reported that nurses’ 
attitudes towards caregiver roles are positive (14,15).

American Nurses Association (ANA) have stated that 
professional values improve the quality of nursing care (16). 
The relevant literature reports that nurses ‘professional values 
affect nurses’ caregiver roles (1). However, no study explaining 
this relationship has been found. Therefore, in this study, it 
was aimed to examine the extent to which professional values 
affect nurses’ caregiver roles by using the structural equation 
model. Nurses’ awareness of their values and how these 
values affect their care behavior are the basis of humanistic 
nursing care. Therefore, it is important to demonstrate care 
roles developed by nurses based on their professional values.

1.1. Purpose of the Research

This study examines the relationship between 
the professional values of nurses working in a 
university hospital in Central Anatolia Region of 
Turkey and their attitudes towards caregiver roles.

1.2. Hypotheses

H1 hypothesis assumed that providing care positively affects 
the attitude towards nurses’ caregiver roles.

H2 hypothesis assumes that professionalism positively affects 
the attitude towards nurses’ caregiver roles.

H3 hypothesis assumes that activism positively affects the 
attitude towards nurses’ caregiver roles.

H4 hypothesis assumes that justice positively affects the 
attitude of nurses’ caregiver roles.

H5 hypothesis assumed that the professional values of loyalty 
positively affect the attitude towards nurses’ caregiver roles.

2. METHODS

2.1. Design

In this study, a model was predicted to examine the relationship 
between nurses’ professional values and attitudes towards 
caregiver roles. The predicted model based on the literature 
was tested with a descriptive research design using structural 
equation modeling. In the predicted model, it was assumed 
that the professional values of nurses will positively affect their 
attitudes towards caregiver roles (Figure 1).
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Figure 1. Predicted model. 
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Figure 1. Predicted model.

2.2. Sample and Data Collection

The descriptive correlational study was conducted in the 
second largest university hospital in Konya, between July and 
September 2018. The hospital, with a total bed capacity of 
934, also serves patients from nearby provinces. A total of 
501 nurses work in the hospital. Working hours are carried 
out in two shifts, 08: 00-16: 00, 16: 00-08: 00. Due on the 
service, a nurse provides care to an average of 15 patients. 
The hospital does not have an in-service training program on 
nursing care and nursing values.

The entire population was created without sample selection. 
All the nurses working in this hospital (N:501) form the 
universe, the sample of the study consisted of 366 (72%) 
nurses meeting the inclusion criteria. The inclusion criteria 
were determined as follows: working as a nurse in internal 
diseases, surgical and intensive care clinics, providing one-to-
one patient care, volunteering to participate in the research 
and not being on leave/have report between the dates of the 
research (Figure 2).

Figure 2. The characteristics of study population.

Nurse Promotion Form, Nurses Professional Values Scale, 
Nurses’ Attitude Scale Regarding Nursing Role were used 
to collect data. Before starting the study, pilot study was 
performed with 10 nurses who were not included in the 
sample. After the pre-application, it was determined 
that all the questions in the data collection forms were 
understandable. The nurses included in the pre-application 
were not sampled. Verbal consent was obtained from the 
nurses by explaining the purpose of the study, and then a 
questionnaire was given. The questionnaire forms were 
taken back from the nurses one day later in order to be filled 
in during the hours when the workload was low. Forms filled 
in about 15 minutes.

2.2.1. Nurse Promotion Form

In this form, which was created in line with the literature 
(4,17,18) by the researchers, there were 14 questions 
that questioned the socio-demographic and working 
characteristics of nurses.
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2.2.2. Nurses’ Professional Values Scale

Nurses Professional Values Scale was developed by Weis 
and Schank, to determine the level of perception of 
nurses and nursing students’ professional values (19). The 
Professional Values Scale of the Nurses whose Turkish 
version was made is a 5-point Likert type with 26 items 
(Not important= 1, Somewhat important= 2, Important= 
3, Very Important 4, Very Important 5). The scale includes 
five factors: caregiving, professionalism, activism, justice 
and loyalty. The lowest score that can be received from the 
scale is 26 and the highest score that can be received is 130. 
The high score indicates that professional values are high. 
The Turkish version of the scale was considered valid and 
reliable based on the study by Geçkil et al., (2) (Cronbach’s 
alpha=0.92). In this study, the Cronbach’s alpha value for 
the whole scale was 0.96; for the subscales, it ranged 
between 0.74 and 0.90.

2.2.3. Attitude Scale of Care Giving Role of Nurses

Nurses’ Attitude Scale Regarding Caregiving Roles (NARRCR) 
was developed by (Koçak et al., 2014) to determine the 
attitudes of nurses towards caregiver roles. And this scale 
is a 5-point Likert type scale consisting of 16 items whose 
validity and reliability have been made by the same 
researchers. NARRCR consists of three sub-dimensions, 
namely, Elimination of the patient’s self-care needs and 
attitude towards the nurse’s counseling role, Attitude 
towards the nurse’s role in protecting the individual and 
respect for their rights, and Attitude towards the nurse’s 
role in the treatment process. The items of the scale are 
evaluated by the participants in line with the answers I 
definitely disagree, I disagree, I partially agree, I agree, I 
totally agree. And these evaluations are scored between 
1-5 points. The lowest score received from the scale is 
16, and the highest score is 80. Accordingly, as the score 
obtained from the scale increases, the attitudes of nurses 
towards caregiver roles are interpreted positively. As the 
score received from the scale decreases, it is interpreted 
as negative. The Cronbach Alpha value found in the work of 
Koçak et al. 0.91 was found (12). The Cronbach’s alpha value 
for the whole scale was 0.96; for the subscales, it ranged 
between 0.72 and 0.83.

2.3. Ethical Dimension

Ethics committee approval was obtained from a 
university’s Drug and Non-Medical Device Research 
Ethics Committee (2018/1446), institutional permission 
was obtained from the hospital where the study was 
conducted. Participants were informed on the front 
cover of the questionnaire, and those who gave consent 
were included in the research. Necessary use permit was 
reached from author to use the Nurses ‘Occupational 
Values Scale and from author to use the Attitude Scale of 
the Nurses’ Care Giving Roles.

2.4. Evaluation of the Data

The reliability analysis of the scales used in the study were 

determined by the Cronbach’s Alpha coefficient and the 

relationship between the scales by Pearson correlation 

coefficient. Student t test, One-Way Variance Analysis and 

Kruskal Wallis analysis and structural equation model were 

used in the statistical evaluation of scale scores according to 

demographic characteristics.

3. RESULTS

3.1. Results Related to Participants’ Socio-Demographic and 

Working Characteristics

When the distribution of 366 nurses included in the study 

according to their socio-demographic and study characteristics 

is examined the following have been identified: 60.7% of 

these nurses are women, 60.7% of the nurses were trained 

at the Health Vocational High School/Associate Degree, and 

the average age was 28.66 ± 6.63, 34.2% of the nurses work 

in internal clinics, 53.8% of them work in the form of day and 

night shifts. In addition, the average of the nurses’ weekly 

working hours was found to be high (43.89 ± 4.67) and it was 

found that the nurses had just started the profession (7.80 ± 

5.52) (Table 1).

Table 1. Distribution of nurses by socio-demographic and working 

features (n=366)

Socio-demographic 
Features

Number %

Gender
Female
Male

222
144

 60.7
 39.3

Educational status
HVS / Associate Degree
License
Postgraduate

222
122
 22

 60.7
 33.3
 6.0

Average Age (x̄±SS) (28.66±6.63) (Min= 19 Max= 49)
Clinics
Internal Clinics
Surgical Clinics
Intensive care
Pediatrics

125
98

105
38

34.1
26.8
28.7
10.4

Working Method
Permanent Night
Permanent Day
Day and night

47
122
197

12.8
33.3
53.9

Weekly Working Hours Average. (x̄±SS)	  (43.89±4.67) 	  (Min= 
35 Max= 76)
Occupational Work. Year Average (x̄±SS) (7.80±5.52)       (Min= 1 Max= 
49)
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3.2. Results Regarding the Relationship between Nurses’ 
Professional Values and Caregiver Roles

The NARRCR score average of the nurses is 94.73 ± 17.87. The 
mean scores achieved from the sub-dimensions were 30.86 
± 5.89 in the Giving Care sub-dimension, 24.78 ± 5.18 in the 
Professionalism sub-dimension, 17.84 ± 4.00 in the Activism 
sub-dimension, 11.02 ± 2.35 in the Justice sub-dimension 
and 10.23 ± 2.59 in the Loyalty sub-dimension (Table 2).

Table 2. Nurses’ professional values scale scores and caregiving role 
attitude scale scores

Sub Dimensions and Scale 
Total

Min. Max. x̄ SS Crobach 
Alfa

NARRCR (Total Score) 28.00 130 94.73 17.87 0.96
Giving Care 8.00 40.00 30.86 5.89 0.90
Professionalism 7.00 35.00 24.78 5.18 0.90
Activism 5.00 25.00 17.84 4.00 0.88
Justice 3.00 15.00 11.02 2.35 0.77
Loyalty 3.00 15.00 10.23 2.59 0.74
NARRCR (Total Score) 30.00 80.00 62.41 9.22 0.90
OGGDRTa 11.00 35.00 26.91 4.51 0.83
BKHSORTb 7.00 20.00 16.39 2.48 0.73
TSRTc 7.00 25.00 19.10 3.21 0.72

a: Meeting the self-care needs of the patient and attitude towards the 
counseling role of the nurse
b: Attitude towards the nurse’s role to protect the individual and to respect 
their rights
c: Attitude towards the role of the nurse in the treatment process

It was determined that the mean item point average of the 
Nurses’ total score was 62.41 ± 9.22. When the sub-dimensions 
were analyzed, it was determined that the item score averages 
were meeting the self-care needs of the patient and attitude 
towards the counseling role of the nurse (OGGDRT) 26.91 ± 
4.51, attitude towards the role of the nurse in the treatment 
process (TSRT) 19.10 ± 3.21, attitude towards the nurse’s role 
to protect the individual and to respect their rights (BKHSORT) 
16.39 ± 2.48 respectively (Table 2).

Figure 3 shows the path analysis model drawn with SPSS-
AMOS. β values shown in the figure are standardized values. 
Hypothesis test results are as shown in Table 3.

Table 3. Hypothesis test results

Hypothesis Relationships
Standard 
β p

Acceptance 
/ Rejection

H1: Care Giving → Attitude Towards 
Nurses’ Care Giving Roles

-0,020 0,901 Rejection

H2: Professionalism → Attitude towards 
Nurses’ Care Giving Roles

-0,028 0,897 Rejection

H3: Activism → Attitude towards 
Nurses’ Care Giving Roles

0,053 0,764 Rejection

H4: Justice → Attitude Towards Nurses’ 
Care Giving Roles

0,004 0,980 Rejection

H5: Loyalty → Attitude Towards Nurses’ 
Care Giving Roles

0,617 0,002 Acceptance

X2/df= 2,481 CFI=0,87 NFI= 0,80 IFI= 0,87 RMSEA=0,06

19 
 

 
V: Value, CR: Caregiving Role, GC: Giving Care, NARRCR: Attitude Scale of Care Giving Role of Nurses, 

OGGDRT: Meeting the self-care needs of the patient and attitude towards the counseling role of the nurse, 

BKHSRT: Attitude towards the nurse's role to protect the individual and to respect their rights, TSR: Attitude 

towards the role of the nurse in the treatment process. 

 

Figure 3. Structural equation results regarding the research model. 
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V: Value, CR: Caregiving Role, GC: Giving Care, NARRCR: Attitude 
Scale of Care Giving Role of Nurses, OGGDRT: Meeting the self-care 
needs of the patient and attitude towards the counseling role of the 
nurse, BKHSRT: Attitude towards the nurse's role to protect the indi-
vidual and to respect their rights, TSR: Attitude towards the role of 
the nurse in the treatment process.

Fit indices were used to test the suitability of the established 
structural equation model. Fit indices X2=2.481; Comparative 
fit index (CFI) = 0.87, incremental fit index (IFI) =0.87 and 
the mean square root of the approximate errors (Root Mean 
Square Error of Approximation, RMSEA) =0.06. These results 
show that the established model is suitable.

H1 hypothesis assumed that providing care positively affects 
the attitude towards nurses’ roles. Standard β coefficient 
obtained as a result of path analysis this hypothesis was 
rejected at 0.05 significance level with a value of – 0.020.

H2 hypothesis assumes that professionalism positively affects 
the attitude towards nurses’ caregiver roles. Standard β 
coefficient obtained as a result of path analysis this hypothesis 
was rejected at 0.05 significance level with a value of – 0.028.

H3 hypothesis assumes that activism positively affects 
the attitude towards nurses’ caregiver roles. Standard 
β coefficient obtained as a result of path analysis this 
hypothesis was rejected at the 0.05 significance level with a 
value of 0.053.

H4 hypothesis assumes that justice positively affects the 
attitude of nurses’ caregiver roles, standard coefficient β 
obtained as a result of path analysis this hypothesis was 
rejected at the significance level of 0.004 with 0.05.

H5 hypothesis assumed that the professional values of loyalty 
positively affect the attitude towards nurses’ caregiver roles. 
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Standard β coefficient obtained as a result of path analysis 
this hypothesis was accepted at the level of 0.05 and a 
significance level of 0.05.

Care giving, professionalism, activism, justice, loyalty variables 
explain 39% of the change in the value of attitudes towards 
nurses’ caregiver roles (R2 = 0.39) (Figure 3) (Table 3).

4. DISCUSSION

This study was determined nurses’ perception of professional 
value and attitudes towards caregiver roles a good. It was 
found that the professional values of the nurses explain 
39% of the change in the value of attitudes towards nurses’ 
caregiver roles. Hypothesis that professional values of loyalty 
positively affect the attitude towards nurses’ caregiver roles 
was accepted in the path analysis.

The reason for the existence of nursing is the nursing 
philosophy, which guides the behaviors and practices towards 
care. However, the most important building block of this 
philosophy is nursing values (5). Professional values gained by 
nurses through their education and practice throughout their 
lives are essential for professional nursing practices (1,7).

In our study, the mean NARRCR total score of the nurses was 
94.73 ± 17.87. Considering that the highest score that can be 
obtained from NARRCR is 130, it can be stated that nurses’ 
perception of professional value is at a good level. Similar 
to our study finding, there are studies showing that nurses’ 
perception of professional value is good (2,4,17,20-22).

NARRCR total score of the nurses was found as 62.41 ± 9.22. 
When the highest score that can be obtained from NARRCR is 
considered to be 80, According to these results, it can be said 
that nurses’ attitudes towards caregiver roles are at a good 
level (24), it was found that there were similar findings with 
our research result. It was found that nurses have a good 
level of caregiver roles. Similar results were obtained in other 
studies on this subject (25-27).

According to the models developed in this study, we found 
that care giving, professionalism; activism and justice 
values do not directly affect the attitude towards the 
caregiver role. Although care is not specific to nursing, it is 
unique for nursing and is the main responsibility of nurses 
all around the world (28). It is a factor which contributes 
significantly to the relationship between the nurse and the 
patient and to the treatment and cure of the patient (29). 
Professionalism is defined as expertise, knowledge, skills 
and behaviour in a given field (30). Nurses who embrace the 
role of professional caregivers take more responsibility in 
care and thus quality of care is improved (31,32). Activism, 
another value, is an action which is more than awareness, 
participation and advocacy and refers to a conscious, strong 
effort to achieve change. Activism is a component of the 
nursing’s social contract and contract with people. Nurses 
prefer activism as an intervention to address inequalities 
in healthcare and so nursing transforms from a passive but 
supportive role to a role that takes action to create change 

(33). Justice includes equal treatment and fair distribution 
of resources in healthcare services (34). Justice which plays 
a role in developing a professional identity is necessary to 
protect people’s health and survival just like healthcare. For 
nurses justice includes participating in social actions, taking 
action for vulnerable people and addressing weaknesses 
of the healthcare system (35). Values described according 
to the information found in the literature are estimated to 
have a positive effect on the attitude towards the caregiver 
role (24). American Association of Nurses have reported 
that the professional values of nurses improve the quality of 
nursing care and are directly related to their caregiver roles 
(16). Geyer et al. (36) have reported that care behavior and 
work performance are positively influenced by professional 
values. Another study have reported that nurses with 
positive professional values take more responsibility and 
provide better patient care compared to their colleagues (5). 
However although nurses received high scores in these set 
of values, these were not found to have any effect on the 
caregiver role. In addition, the fact that the explanation rate 
of all values is 39% also supports this result. The reason for 
this finding could be that although nurses have professional 
values at cognitive and emotional level, they have trouble in 
reflecting these in behaviour and attitude. Because attitude 
is an emotional, cognitive state which is developed based on 
education and experience and has the power to orientate 
and affect one’s behaviour. Attitude is for the long term and 
includes the process of cognitive, emotional and behavioural 
development (37). We believe that the nurses included in 
this study did not have sufficient care attitude due to their 
low education level and work experience.

In the hypothesis direct effect of loyalty on the attitude 
towards the caregiver role is supported. Loyalty refers to 
being loyal and keeping promises. Loyalty principle includes 
the commitment in the patient-nurse relationship and 
keeping promises based on this principle ensures to maintain 
an environment of trust (38). This finding can be associated 
with strong loyalty value which is among the personal values 
of nurses.

4.1. Strengths and Limitations

This study was conducted on 501 nurses and achieved the 
desired power to find significant relationships. In addition, this 
study is the first to examine the relationship between nurses’ 
attitudes towards care giving roles and their professional 
values. This study has some limitations. First, the results 
cannot be generalized since the study was carried out only 
in a single hospital. Secondly, results may have been affected 
by Turkish healthcare system and cultural characteristics of 
the nurses. Another limitation is that the study is based on 
self-reporting. The tendency to respond as expected in such 
survey studies may affect the results of the study.
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4.2. Implications for Practice and Research

Professional values ensure improvement of care outcomes 
and preservation of professional identity. It is important for 
the professional values to be addressed and improved as the 
driving force behind the care behaviors of the nurses. Further 
studies that evaluate how professional values of nurses are 
reflected in behaviour and on-the-job training about values 
for nurses who are newly recruited and for nurses with high 
school/associate degree are recommended.

5. CONCLUSION

As a result of these data obtained, it was found that nurses’ 
professional values and attitudes towards caregiver roles are 
at a good level. It was seen that the professional values of 
the nurses partially affect the attitude towards the caregiver 
roles. Care giving, professionalism, activism, justice, loyalty 
variables were found to explain 39% of the change in the 
value of attitudes towards care giving roles of nurses.
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ABSTRACT

Objective: The aim of this study was to conduct a systematic review to find interventions in primary health care that would increase osteoporosis 
prevention behaviors.

Methods: Systematic searches of CINAHL, Eric, Medline complete, PsycInfo, Ovid, Web of Science, Cochrane Library (N=1270). A total of 17 
published articles met our inclusion criteria. English-language articles published between January 2000-May 2019, in primary care settings, 
participants with healthy or risk of osteoporosis, investigated osteoporosis preventing behaviors. The data extracted included population 
characteristics, diagnosis, mean age and setting, intervention and control groups, and outcomes of significance to the review question and 
specific objectives. In this review, a meta-analysis could not be performed due to the heterogeneity of the data.

Results: The majority of studies have been found to use multiple strategies to prevent osteoporosis. Eight studies focused only on the female 
gender and seven studies focused only on older adults. Compared to the control groups, it was found that the participants’ osteoporosis 
knowledge increased significantly (p<0.01) with four interventions including prevention and self-management courses, counseling session, 
group discussion, various exercises, educational booklets, and motivational messages. Studies that assessed outcomes found that osteoporosis 
knowledge, calcium and vitamin D intake, bone mineral density, exercise, factors underlying behavior, quality of life, risk management, 
respectively.

Conclusion: Using educational interventions can improve osteoporosis knowledge, calcium-vitamin D intake, and bone mineral density among 
healthy or at-risk populations about osteoporosis in primary care. Behavior change provide also health promotion. Handling an individual’s 
health beliefs, attitudes, and self-efficacy can facilitate behavior change.
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1. INTRODUCTION

Osteoporosis (OP) is a systemic bone disease marked by 
decreased bone mass, degradation of bone tissue, disturbance 
of bone microarchitecture, and increased bone fragility (1). 
Osteoporosis is characterized only by a T score of less than 2.5 
standard deviations below the mean Bone Mineral Density 
(BMD) of the young adult reference population (2).

It is estimated that OP affects millions of people around 
worldwide and fractures related to OP more than 8.9 million 
osteoporotic fractures occur yearly (3). OP and related health 
concerns are also important in Turkey. Although Turkey has a 
relatively lower incidence of osteoporosis compared to some 
European countries, the prevalence of osteoporosis increases 
with aging (4). According to Tüzün et al., the number of hip 
fractures will more than double in the next 25 years without 
modifying the age and gender risk variables (4). Furthermore, 
the prevalence of OP was shown to be higher in women than 
in men in various situations (4–6).

OP and the resultant fragility fractures have an impact in 
terms of mortality and morbidity on individuals, health 
care systems, and communities (7). According to National 
Osteoporosis Foundation, OP is responsible for billions of 
bone fractures and billions of economic burdens each year 
(8). In addition, the economic burden of OP-related fracture 
is significant, costing approximately $17.9 per annum in the 
USA (9). OP is a preventable and treatable disease, but we 
need to improve the awareness about the disease in general 
and the risk factors that lead to the problem (10–12).

Researches indicate that there are many modifiable and non-
modifiable risk factors for OP and osteoporotic fractures. 
Major modifiable risk factors include poor nutrition, vitamin D 
deficiency, eating disorders, excessive alcohol consumption (>2 
units daily), smoking, estrogen deficiency, insufficient exercise, 
fall risk, low body mass index (BMI<20 Kg/m²), cigarette smoking, 
frequent falls. Major non-modifiable risk factors include history 
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of falls, older age, women, white ethnicity, prior fracture, 
hormonal factors (13,14). The main goal of OP treatment is to 
prevent fractures. Pharmacological interventions for OP include 
calcium and vitamin D supplementation, hormone replacement 
therapy and bisphosphonates (9). In addition, robust screening 
programs are required (7).

OP and osteoporotic fractures can result permanent physical 
disability, decreased self-sufficiency, hospitalization, and an 
increased risk of death (15). Therefore, finding OP preventive 
behaviors require the need to decrease the risk of this disease. 
OP intervention is important to promoting bone health and 
improving OP preventive health behaviors (10). Consuming a 
healthy amount of calcium and engaging in weight-bearing 
exercise are two typical recommendations for lowering one’s 
risk of developing OP (16). Education of people risk of OP and 
on various non-pharmacologic approaches to prevention and 
treatment that include nutrition, exercise, fall prevention 
and awareness of bone health, and would be vital for women 
of menopausal age and older (11).

Several interventions to minimize the risk of OP and hip 
fractures associated with OP have been described. The 
educational and counseling interventions aimed to promote 
OP knowledge and awareness, as well as with OP illness 
prevention. Calcium consumption, awareness, and self-
efficacy are all improved through OP education initiatives.

OP education programs improve calcium intake, knowledge 
and self-efficacy (10,16,17). A multifaceted community-based 
intervention improved management of OP in high risk patients. 
This intervention includes bone mineral density testing, patient 
education and patient-tailored recommendations for OP 
treatment (18). Fall prevention exercise programs can reduce 
fall incidence and can decrease osteoporotic fracture (19). 
Providing hip protectors increases acceptance and adherence 
with hip protector use and giving education increases hip 
protector use in people living in the community (20). Using hip 
protectors lead to a reduction in hip fracture (21).

The aim of this study was to conduct a systematic review in 
order to find interventions in primary health care that would 
increase OP prevention behaviors.

2. METHODS

2.1. Search Strategy

A preliminary search was conducted in the following 
databases: CINAHL, Eric, Medline complete, PsycINFO, Ovid, 
Web of Science, Cochrane Library. The search was limited to 
original 18 years and older age, English articles that appeared 
in publications from January 2000 to May 2019. Search terms 
were as follows: [Osteoporosis OR “osteoporosis preventing 
behaviors” OR “bone mineral density” OR “dual energy x-ray 
absorptiometry”] AND [intervention OR program OR “health 
education”] AND [“primary care” OR “general practice” OR 
“family medicine” OR “primary care clinic” OR “community 
settings”].

All citations were imported into an Endnote version X9 and 
duplicates removed. Titles and abstracts were screened 
by search terms. Two researchers evaluated the results 
independently of each other, considering the inclusion and 
exclusion criteria.

2.2. Study Selection and Data Extraction

This review includes individuals aged 18 years and older who 
are healthy or at risk of OP.

The educational programs were defined as interventions, 
planned to improve knowledge, self-efficacy, health beliefs, 
self-monitoring, awareness of adults with OP screening, 
compliance of taking calcium and D vitamin, adherence with 
use of hip protectors, risk management, exercise, nutrition, 
prevention of the disease. Primary outcome reported OP 
preventing behaviors.

Studies were included if they (a) performed with adults and 
older adults at risk of OP (b) were recruited from primary 
care settings (a general practice, family practice, or primary 
care clinic, community settings) (c) were either randomized 
controlled trials (RCTs), quasi-experimental, or pretest-
posttest studies, (d) investigated OP preventing behaviors 
(e) in English language (f) conducted with January 2000-
May 2019. Studies were excluded if they existed a confirmed 
diagnosis of OP or osteopenia or taking medication related to 
OP. The result of the search and selection process are shown 
in Figure 1.

Figure 1. Flow the diagram for study selection according to PRISMA22

One researcher extracted data from each article by the Joanna 
Briggs Institute (JBI) SUMARI data extraction instrument. The 
data extracted included about population characteristic, 
diagnosis, mean age and setting, intervention and control 
groups, and outcomes about review question (see Table 1).
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Table 1. Characteristics of included studies

References Population Groups Follow-up Outcome Result
Randomized Controlled Trial
Babatunde
et al.

Diagnosis: at risk 
of OP
Mean age: 70.2
Male/Female: 11/99
Setting: churches 
and community-
senior centers

Intervention group: Osteoporosis education 
program n=59
6 weekly education program sessions.
Short presentations/lectures, hands on activities 
and demonstrations involving the participants.
Intervention guided by Revised Health Belief 
Model.
Control group: Waiting list n=51

None 1.Calcium 
intake
2.Knowledge
3.Health 
belief
4.Self-efficacy

1.+p<0.001
2.+p<0.001
3.-p>0.05
4.+p<0.001

Birks et al. Diagnosis: women 
with risk hip fracture
Mean age: 78
Male/Female: 
0/4168
Setting: primary 
care

Intervention group: Hip protectors sending 
mail three pairs of hip protectors along with 
instructions on how to use them and receiving 
a leaflet about other methods of reducing their 
fracture risk. n=1387
Control group: Sending mail leaflet n=2781

12 months
18 months
24 months

1.Hip 
fractures
2.Falling
3.Fear of 
falling

1: – p=0.40
2:+ p<0.001 (12 months)
2:+ p<0.01 (24 months)
3:+ p=0.003 (12 months)
3: – p=0.07 (18 months)
3:+p=0.04 (24 months)

Blaloc et al. Diagnosis: women 
with menopause
Mean age: 
47.0±4.40
Male/Female: 0/547
Setting: twelve 
counties

Intervention group I: Tailored educational 
intervention includes two packet of written 
materials and one brief telephone counseling 
session. n=114
Intervention guided by Precaution Adoption 
Process Model.
Intervention group II: Community-based 
intervention includes establishing an Osteoporosis 
Resource Center, conducting a workshop on 
osteoporosis prevention, and offering free bone 
density screening. n=159
Control group (I): n=105
Individual level, Nontailored education, received 
two packets of informational materials. No 
information specific to the individual participant.
Control group (II): n=169
Community level, nontailored education.

3 months
6 months
12 months

1.Calcium 
intake
2.Exercise 
level
Stage of 
change was 
assessed as a 
moderating 
variable.
(unengaged, 
engaged
action)

Tailored intervention
1: – p>0.05 unengaged
1: – p>0.05 engaged (baseline)
1: – p<0.10 (3 months)
1: + p<0.01 (6 months)
1: – p>0.05 (12 months)
1: – p>0.05 action (baseline)
1:+ p<0.05 (3 months)
1: + p<0.05 (6 months)
1: + p<0.05 (12 months)
Community intervention
1: – p>0.05 unengaged(baseline)
1:+p<0.05 (3 months)
1: – p<0.10 (6 months)
1: – p>0.05 (12 months)
1: + p<0.01 engaged (baseline)
1: – p>0.05 (3-6-12 months)
1: – p>0.05 action (baseline-3-6 
months)
1: – p<0.10 (12 months)
Tailored intervention
2: – p>0.05 unengaged
2: – p>0.05 engaged
2: – p<0.10 action (baseline)
2: – p>0.05 (3-6-12 months)
Community intervention
2: – p<0.10 unengaged(baseline)
2: – p>0.05 (3-6 months)
2: – p<0.10 (12 month)
2:+p<0.05 engaged(baseline)
2: – p>0.05 (3-6-12 months)
2: – p>0.05 action (baseline-3-6-12 
months)
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Table 1. (Continued)

Cameron 
et al.

Diagnosis: People 
at high risk of hip 
fracture
Age:75 years or 
more
Sex: Unclear
Setting: Community 
and hospital trial

Intervention group I: The no cost group-who were 
fitted with free hip protectors (Community) n=58
Intervention group II: Community combined 
group-received free hip protectors and 
educational sessions about their use n=60
Intervention group III: The no cost group-who 
were fitted with free hip protectors (hospital) 
n=106
Intervention group IV: Hospital combined group-
received free hip protectors and educational 
sessions about their use. n=99
Control group I: Provided a brochure about hip 
protectors
(Community) n=53
Control group II: Provided a brochure about hip 
protectors (Hospital) n=103

3 months
6 months

1.Adherence 
with use of hip 
protectors(mean 
percentage)
2.Number of 
Falls: (mean per 
participant)
3.Number of 
fractures: hospital
4. Number 
of fractures 
:community
5.Number of 
hospitalizations: 
hospital
6. Number of 
hospitalizations: 
community

1: + p<0.001 (3-6 months)
(comparison within hospital)
1: + p=0.000 (3-6 months)
(comparison within 
community)
1:+p<0.001 (3-6 months)
(comparison between hospital 
and community)
2:+p=0.010 (6 months)
(comparison within hospital)
2:-p=0.356
(comparison within 
community)
2:-p=0.26
(comparison between hospital 
and community)
3: 1 (hospital control)
3: 5 (hospital no cost)
3:1 (hospital combined)
4: 0 (community control)
4: 2 (community no cost)
4: 0 (community combined)
5: 0 (hospital control)
5: 3 (hospital no cost)
5: 2(hospital combined)
6: 0 (community control)
6: 1 (community no cost)
6: 0 (community combined)

Ciaschini 
et al.

Diagnosis: 
Patients at risk for 
osteoporosis and 
fractures
Mean age: 71.9±7.2
Male/Female: 
12/188
Setting: Community 
dwelling

Intervention group: A multifaceted community-
based care program. This group received 
personalized counseling about osteoporosis, 
provided written OS management plan and 
received educational materials on calcium and 
vitamin D, risk factors for OS and their BMD 
results. n=101
Control group: Usual care n=100

12 months 1.OS risk 
management
2.OS 
management
3.Quality of life

1:-p>0.05
2:-p=0.48
3: I: – p=0.58 C= – p=0.26

Cleghorn 
et al.

Diagnosis: women 
who are within 
five years of the 
menopause
Mean age:
Group 1: 52.2
Group 2: 51.8
Male/Female: 0/115
Setting: Community

Intervention group I: Received a supplement of 3L 
of calcium-fortified milk weekly in the first year
In the second year, reverted to their usual diets. 
n=115
Intervention group II: Followed their usual diets in 
the first year. In the second year, received the milk 
supplement.

2 years 1.BMD at spine
2.BMD at forearm
3.Fasting urine 
levels

1:+p=0.006
2.-p>0.05
3. +p=0.03

Duckham 
et al.

Diagnosis: older 
adult
Mean age: 72±5
Male/
Female:128/191
Setting: primary 
care

Intervention group I: Otago exercise program 
(OEP) consist of three 30-min home exercise 
session and at least two 30-min session of 
walking each week. Each participant received an 
instruction booklet, followed up two home visits 
and eight telephone calls. n=88
Intervention group II: Falls exercise management
(FAME) consist of one 60-min exercise class, two 
30-min home exercise sessions and two 30-min 
sessions of walking each week.
n=105.
Control group: Usual care n=126

6 months 1.BMD at femoral 
neck
2.BMD at other 
skeletal sites

1:-p=0.44 (OEP)
1:-p=0.53 (FAME)
2:-p>0.05
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Table 1. (Continued)

Francis et al. Diagnosis: people 
with risk factors
Mean age: 63
Sex: 92% female
Setting: Community

Intervention group: The Osteoporosis Prevention 
and Self-Management Course (OPSMC) consist of 
four weekly sessions which run for 2h and are led 
by two facilitators. n=103
Control group : Wait list n=95

6 weeks 1.Knowledge
2.Self-
efficacy: 
exercise
3.Self-
efficacy:Ca
4.Self-
monitoring
5.Health-
directed 
behavior

1:+p<0.001
2:-p=0.583
3:-p=0.711
4:-p=0.057
5:+p=0.020

Kalkim and 
Daghan

Diagnosis: risk of 
osteoporosis
Age range:30-45 
years
Male/Female: 0/73
Setting: Family 
health center

Intervention group: An osteoporosis prevention 
program consists of a 4-week education program 
and a 24-week counseling program. Intervention 
guided by Health Belief Model. n=37
Control group: Usual care n=36

3 months
6 months

1.Knowledge
2.Health 
belief
3.Self efficacy
4.Calcium 
intake
5.Exercise

1: +p<0.001
2: +p<0.001
3: +p<0.001
4: +p<0.001
5: +p<0.001

Kloseck et 
al.

Diagnosis: older 
adults and risk of 
osteoporosis
Mean age: 80.5±6.9
Sex: 88.6% female
Setting: retirement 
community

Intervention group: Peer-led osteoporosis 
education and mentorship program. n=53
Control group: Usual care n=52

6 months 1.Behavior-
BMD
2.Behavior-
Vitamin D
3.Knowledge

1: +p<0.001
2: +p=0.02
3: – p=0.21

Kukuljan 
et al.

Diagnosis: healthy 
older man
Age range:50-79
Male/Female: 180/0
Setting: community 
dwelling

Intervention group I: Exercise + milk group n=45
Intervention group II: Exercise group n=46
Intervention group III: Milk group n=45
Control group : Usual care n=44
Exercise program: warm-up and cool down, 
cycling and stretching, resistance training exercise, 
weight-bearing exercise
Milk group: Calcium-vitamin D fortified milk

12 months
18 months

1.BMD
2.Take 
calcium and 
Vitamin D
3.Serum PTH

1:+p<0.01 (Lumbar spine)
2: +p<0.001
(greater in fortified group 
compared with nonfortified group)
3:-p>0.05 (12 months)
(exercise-fortified milk group)
3: +p<0.05 (18 months)
(a significant decrease exercise 
group compared to non-exercise 
group)

Levy et al. Diagnosis: 65 years 
and older women
Mean age:74.0
Male/Female:0/204
Setting: family 
physician

Intervention group I: Chart reminder n=102
Intervention group II: Patient education + chart 
reminder n=62
Control group : Usual care n=31

14 months 1.the rate of 
BMD

1:+p<0.029

Piaseu et al. Diagnosis: students
Mean age: 18,5
Male/Female:0/100
Setting: Nursing 
school

Intervention group I: Osteoporosis educational 
program (3 hours)
This program consists of instructional materials 
and slide presentation n=50
Control group : wait list n=50

2 weeks 1.Knowledge
2.Attitude
3.Self-efficacy

1: + p<0.01
2: + p<0.01
3: + p<0.01

Hien et al. Diagnosis: 
postmenopausal 
women
Age range: 55-65 
years
Male/Female: 0/108
Setting: rural 
communes

Intervention group: Nutrition education
(provided with visual education materials such as 
posters, leaflets, booklet and video tape) n= 57
Control group : Usual diet (provided education at 
the end of data collection period) n= 51

18 months 1.Calcium 
intake
2.Bone mass
3.Serum PTH

1: + p<0.01
2: + p<0.01
3: + p<0.01

Woo et al. Diagnosis: elderly 
people
Age range: 65-74
Male/Female:90/90
Setting: Community

Intervention group I: Tai Chi group n=60
Intervention group II: Resistance exercise group 
n=60
Control group: No exercise n=60

12 months 1.BMD
2.Muscle 
strength
3.Balance 
and flexibility
4.Falls

1: +p<0.05 (women-hip)
1:-p>0.05 (men-hip)
1:+p<0.05 (comparison between 
intervention and control group)
2:-p>0.05
3:-p>0.05
4:-p>0.05
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2.3. Data Syntesis

Due to the variability of the individual’s socio-demographics, 
intervention duration, and outcome assessments, meta-analysis 
was not possible. Using the JBI’s established critical appraisal 
instruments, two researchers independently assessed papers for 
methodological quality for Randomized Controlled Trials (RCTs) 
and Quasi-Experimental studies (22) (Table 2 and Table 3). Scores 
on the critical appraisal instruments were determined maximum 
13 points for RCTs and 9 points for quasi-experimental studies.

3. RESULTS

In all, 1270 articles were retrieved and appraised from our 
systematic review. A total of 17 published articles met our 
inclusion criteria (Figure 1) (23). Sixteen interventions were 
RCTs and one was quasi-experimental design (Table 1).

3.1. Methodological Quality

Assessment of methodological quality was carried out by 
two independent reviewers for the 16 RCTs and one Quasi-
Experimental studies. Only two studies adopted allocation 
concealment (20,24). Six studies were high, with scores 
ranging from nine (18,21,25) to ten (20,24,26) in RCTs, one 
study score was eight (11) in quasi-experimental study. The 
methods of randomization were reported in ten studies. These 
studies were used block randomization (24,26), computer-
randomization system (21,25,27), concealed number 
envelopes with the randomization sequence from a random 
numbers table (20,21), drawing lots (28), a random number 
generator (12,29). The three trials (10,17,18) did not report 
how they achieved randomization. The three trails (19,30,31) 
randomization process were unclear (Table 2 and Table 3).

Table 1. (Continued)

Yuksel et al. Diagnosis: ≥ 65 or 
50-64 years with 
one major risk factor
Mean age: 62
Male/Female: 2/3 
female
Setting: community 
pharmacy

Intervention group : Multifaceted intervention 
(screening and patient education) printed 
materials, education and quantitative ultrasound 
n=129
Control group: Usual care n=133

16 weeks 1.BMD
2.Medication
3.Calcium 
intake
4.Vitamin D
5.Knowledge
6.Quality of 
life

1:+p=0.011
2:-p=0.30
3:+p=0.011
4:-p=0.66
5:-p>0.05
6:-p>0.05

Quasi Experimental Study
Law and 
Shapiro

Diagnosis: frail 
elderly
Mean age: 
63.9±12.1
Male/Female: 0/116
Setting: community 
pharmacy

Intervention group: Screening and awareness 
program.
Educational brochure, providing Ca supplements 
(Citracal), follow-up phone call. n=116
Control group: none

A week 1.Awareness
2.Self-rated 
risk

1:+p<0.001
2:-p>0.348

OP: Osteoporosis
BMD: Bone mineral density

Table 2. Critical appraisal results for randomized controlled trials

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Score
Babatunde et al. Y U Y U U U Y N Y U Y Y Y 7/13
Birks et al. Y U Y U U U Y Y Y Y Y Y Y 9/13
Blalock et al. Y U Y U U U Y Y N Y Y Y Y 8/13
Cameron et al. Y Y N U U Y Y Y Y Y Y Y Y 10/13
Ciascihinni et al. Y N Y N N N Y Y Y Y Y Y Y 9/13
Cleghorn et al. U U N U U U Y Y N Y Y Y Y 6/13
Ducham et al. U N N N Y Y Y Y N Y Y Y Y 8/13
Francis et al. Y U Y U U U Y Y N Y Y Y Y 8/13
Hien et al. U N Y N N N Y Y N Y Y Y Y 7/13
Kalkim&Daghan Y N Y N N N Y Y N Y Y Y Y 8/13
Kloseck et al. Y U Y N U U Y Y N Y Y Y Y 8/13
Kukuljan et al. Y U Y U U U Y Y Y Y Y Y Y 9/13
Levy et al. Y U Y U U U Y Y N Y Y Y Y 8/13
Piaseu et al. Y U N N N N Y NA N Y Y Y Y 6/13
Woo et al. Y Y N Y Y U Y Y N Y Y Y Y 10/13
Yuksel et al. Y N Y U U Y Y Y Y Y Y Y Y 10/13

Y=Yes, N=No, U=Unclear, NA=Not applicable
JBI critical appraisal checklist for randomized controlled trials: Q1: Was true randomization used for assignment of participants to treatment groups? Q2:Was allocation to treatment 
groups concealed? Q3: Were treatment groups similar at baseline? Q4: Were participants blind to treatment assignment? Q5: Were those delivering treatment blind to treatment 
assignment? Q6:Were outcome assessors blind to treatment assignment? Q7: Were treatment groups treated identically other than the intervention of interest? Q8: Was follow-up 
complete, and if not, were strategies to address incomplete follow up utilized? Q9: Were participants analyzed in the groups to which they were randomized? Q10:Were outcome 
measured in the same way for treatment groups? Q11: Were outcomes measured in a reliable way? Q12: Was appropriate statistical analysis used? Q13: Was the trial design 
appropriate, and any deviations from the standard RCT design (individual randomization, parallel groups) accounted for in the conduct and analysis of the trial?
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3.2. Intervention Participants

The mean age of the participants ranged from 18.5 (12) to 87 
years (32). Of the 17 intervention studies, seven included both 
gender adult (10,18,19,24,26,27,32) eight included female-only 
samples participants (11,12,17,21,28–31) one included unclear 
and one included male-only samples adult participants (25). The 
sample sized ranged from 73 (28) to 4168 (21). Of the included 
studies, seven studies involved people with risk of OP or/and 
with risk of fracture related to OP (10,18,20,21,27,28,32), three 
studies involved people with menopausal women (17,30,31), 
seven studies involved people with older adult (11,19,24–
26,29,32) one study involved people with students (12), one 
study involved people with healthy older man (25).

3.3. Intervention Settings

The included studies were conducted in Australia (20,25,27,30), 
Canada (18,26,32), China (24), Thailand (12), Turkey (28), UK 
(19,21), USA (10,11,17,29), Vietnam (31). Of the included 
studies, two included community-dwelling (18,25) one included 
nursing school (12), two included community pharmacies 
(11,26), eight included community (10,17,20,24,27,30–32), 
four included primary care (19,21,28,29).

3.4. Application of Theories or Models

Of the included studies, model was used in four studies and 
theory was not used in any study. These were two studies using 
Health Belief Model (10,28), one study using Precaution Adoption 
Process Model (17), one study using peer-support model (32).

3.5. Characteristics of Interventions

In all studies were implemented educational approaches 
improve preventing behaviors for OP. These approaches 
included short slide presentations/lectures, hands-on 
activities (e.g. pamphlet, brochure), demonstrations involving 
the participants (e.g. exercise), group discussion, provided 
printed materials and management plan (10,12,18,25,28,30).

3.6. Evidence of Intervention Effect on Outcome

3.6.1. Change Knowledge

Six studies examined OP knowledge after education 
interventions (10,12,26–28,32). There was a statistically 

significant difference in OP knowledge between in intervention 
group and the control group in four studies (10,12,27,28). 
These educational programs included slide presentation 
(10,12,28), group discussion, demonstration about exercise 
(12), hands on activities (10,28), CD about exercise, magnet 
board, educational booklet and motivational message (28). 
Length of the intervention ranged from 6 weeks or less (13, 
26, 29) to 24 weeks (28). Other two studies did not find any 
difference in OP knowledge in groups (p>0.05) (25, 32). One 
of these studies included peer-led community education and 
mentorship program in six months follow up period (32).

3.6.2. Ca and Vitamin D Intake

After the interventions, seven studies focused at calcium 
and/or vitamin D intake (10,17,25,28,31,32). Six study found 
a statistically significant difference in calcium consumption 
between the intervention group and the control group in six 
studies (10,25,26,28,31). Calcium intake in the intervention 
group improved significantly (p<0.001) in two studies (10,28). 
In this trials, the intervention group received instruction 
regarding the benefits of calcium intake (10,28), the effect 
on bone, the calcium content of foods given (28), and the 
barriers to lowering risk factors related to calcium and 
vitamin D intake (10). The intervention group demonstrated 
statistically significant progress in calcium intake (p<0.01) after 
the 18-month nutrition education intervention compared 
to the control group (31). Visual education materials were 
distributed to the participants (e.g. posters, leaflet, booklet 
and video tape) (31). In addition, the same study reported 
that serum Parathyroid hormone (PTH) levels decreased by 
12% in intervention group (p<0.01) (31). Kukuljan et al. (2011) 
reported a significant improvement calcium and vitamin D 
intake in the fortified group compared with non-fortified 
group at 12-18 months follow-up (p<0.001) (25). Yuksel et 
al. (2010) study reported that compare with control group, 
calcium intake in intervention group significantly improved 
(p=0.011), however there was no statistical significantly 
change vitamin D intake (p=0.66) (26).

3.6.3. Bone Mineral Density (BMD) or Bone Mass

After education interventions, eight studies examined bone 
mineral density or bone mass (18,19,24–26,29–32). Seven 
studies found a statistically significant difference between the 
intervention group and control group (e.g. printed materials, 

Table 3. Critical appraisal results for quasi-experimental study

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Score
Law& Shapiro Y Y Y N Y Y Y Y Y 8/9

Y=Yes, N=No, U=Unclear, NA=Not applicable
JBI critical appraisal checklist for quasi-experimental studies (non-randomized experimental studies): Q1: Is it clear in the study what is the “cause” and what 
is the “effect” (i.e., there is no confusion about which variable comes first?) Q2: Were the participants included in any comparisons similar? Q3: Were the 
participants included in any comparisons receiving similar treatment/care, other than the exposure or intervention of interest? Q4: Was there a control group? 
Q5: Were there multiple measurements of the outcome both pre and post the intervention/exposure? Q6: Was follow up complete and if not, were differences 
between groups in terms of their follow up adequately described and analyzed? Q7: Were the outcomes of participants included in any comparisons measured 
in the same way? Q8: Were the outcomes of participants included in any comparisons measured in the same way? Q9: Was appropriate statistical analysis 
used?
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education and ultrasounography or routine care) in BMD 
behavior, BMD test, bone mass, and BMD rate (24–26,29–
32). The speed of sound (SOS (m/s) was measured using QUS 
instrument, and it was shown to be lowered by 0.5 percent 
in controls after 18 months (p<0.01) (31). Also, Cleghorn et 
al (2001) study measured bone mineral density by an XR-
36 Quickson dual-energy x-ray densitometer at the lumbar 
spine and forearm at the first appointment and one and two 
years later. Using supplementing diet with calcium-fortified 
milk early in postmenopausal period delays bone loss at the 
spine (p=0.0006) (30). Another study measured femoral neck 
or other skeletal sites BMD results however no such effects 
were found for BMD (p>0.05) (19). Kloseck et al. (2017) 
reported a significant difference with regard to change in OP 
behavior (defined as obtaining BMD assessment, returning to 
their family physician and obtaining BMD results) compared 
with intervention group and control group (p<0.001) (32). 
The study to include weight bearing activities or resistance 
training by Kukuljan et al. (2011) was reported a significant 
net gains in femoral neck BMD compared the groups 
following the intervention period. In addition, increased 
BMD was reported in all intervention groups (exercise + 
milk or exercise or milk group) (p<0.01) (25). In Levy et al. 
study with only women older adults were of four groups 
that chart reminder (CR) alone, chart reminder plus mailed 
patient education (CR+ PtEd) and one to usual care. After 
the interventions, the rate of BMD testing were 45.2% in CR+ 
PtEd, 31.4% in CR and 9.7% in the usual care. The effect of 
CR+ PtEd group increased the rates of BMD (p<0.029) (29). 
The study to include Tai Chi or resistance exercise by Woo 
et al. (2007) was reported a significant change percentage 
change of BMD at the hip and spine comparison between the 
exercise and control groups (p<0.05) (24). Yuksel et al. (2010) 
reported that increase BMD testing in the multifaceted 
intervention group for 16 weeks (p=0.011) (26).

3.6.4. Exercise

Exercise was measured in three studies (17,24,28). Only 
one study reported a significant progress in exercise group 
compared to usual care group. This study provided CD about 
exercise for participants aged 30-45 (28). Other studies found 
no statistically significant effect on exercise (17), muscle 
strength, balance and flexibility (p>0.05) (24). Interventions 
in both studies consisted of behavioral exercise card (17), tai 
chi and resistance exercise (24).

3.6.5. Factors Underlying Behavior

In the study of Piaseu et al consisting of student participants 
health belief, attitudes and confidence in exercise and 
calcium intake had significant increase in the intervention 
group compared control group (p<0.01) (12). Babatunde et 
al. (2011) reported that a significant difference with regard 
to OP self-efficacy between the two groups for calcium 
intake (p<0.001) (10). In addition to the same study found 
no statistically significant effect on health belief with regard 
to OP prevention (p>0.05) (10). Kalkim and Dağhan (2017) 

reported that combined health belief and self-efficacy about 
OP was a significant increase (p<0.001) (28). One study 
reported that the OP screening and awareness program (e.g. 
educational brochure, providing Ca supplements, follow up 
phone calls) attendance improved OP awareness (p<0.001) 
however no such effects were found self-rated risk about 
OP (p>0.348) (11). Calcium self-efficacy were measured 
by Francis et al. (2009), using intervention about nutrition 
focus on calcium and vitamin D at 6 weeks, this study found 
no statistically significant effect on calcium self-efficacy 
(27). During follow-up, the same study found significant 
improvements in health-directed behavior, positive and 
active life engagement, skill and technique acquisition, and 
social integration and support (27).

3.6.6. Quality of Life

Only two studies assessed quality of life (18,26). One 
study intervention consists of personalized counseling, a 
management plan and educational materials on calcium, 
vitamin D intake, and OP risk factors. The immediate 
intervention protocol group (p=0.58) and delayed intervention 
protocol group/control group (p=0.26) had similar quality 
of life (18). Another study found no statistically significant 
(p>0.05) effect on quality of life (26).

3.6.7. Risk Management

Ciaschini et al. (2010) study conducted in community 
dwelling and 94% of the participants in this study were 
women. Participants in the intervention group increased 
pharmacological treatment, calcium and vitamin D intake. 
However, this study found no statistically significant 
difference in OP management (p=0.48) and risk management 
(p>0.05) (18). Cameron et al. (2011) study performed with 75 
years or more individuals that having high risk of hip fracture 
in community and hospital settings. The study included 
into three groups. Control group received a brochure on 
hip protectors, intervention group-1 was given free hip 
protectors, intervention group-2 received free hip protectors 
and education about their use. The study reported that using 
of hip protectors was higher in the community setting at the 
time of the 3-month follow-up visit (p<0.001) (20). One study 
found no statistically significant difference on falls between 
either intervention or controls after 12 months (p>0.05) (24). 
Birks et al. (2004) study conducted in primary care and all 
of the participants in this study were women. Participants in 
the intervention group received three pairs of hip protectors 
along with instructions on how to use them and also a leaflet 
about fracture risk decrease methods. During follow-up 
period hip fracture status was similar between intervention 
and control groups (p=0.40) (21).

4. DISCUSSION

Osteoporosis and its related fractures are gradually becoming 
a global epidemic because of increase aging population. The 
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present review provides a first attempt to systematically 
review to preventive interventions for OP in primary care. 
While several risk factors cannot be modified, nutrition, 
calcium and vitamin D intake, exercises play a key role in 
bone health promotion and prevention of OP (33). Therefore, 
bone health education programs are an essential measure to 
prevent OP. Most of the interventions included our review 
were multifaceted, targeted participants at healthy people or 
at-risk/high risk patients and provided by physicians, nurses 
or community pharmacist.

Osteoporosis prevention programs that have been published 
varied greatly, but only four studies used model in this 
review. The usage of a model is known as useful in guiding 
interventions, understanding behavior change (10) and 
factors related to this behavior (10,28). Similarly, theories 
guide the techniques used to understand the conditions that 
affect behavior change and to achieve the expected goals 
of the interventions which will provide this change (34). It 
may be beneficial to increase the model or theory based 
interventions that improved attitude and self-efficacy in 
changing behaviors such as screening and nutrition.

The mean age of the participants, sample sizes, interventions 
variety and duration of follow up changed. Most studies 
focused only female participants (11,17,21,28–31) and older 
adults (11,19,24–26,29,32). The prevelance of osteoporosis 
is known to be higher in women than in men (4,5). However, 
this does not mean that OP is an insignificant disease in men. 
Rinonapoli et al. review (2021) explains why researchers 
and physicians should care about OP in men. It has indicates 
that secondary osteoporosis is more common in men, as OP 
is perceived as a female disease (35), and men thus benefit 
less from preventive approaches (36). In addition, being 
women and having older age are among the important risk 
factors in OP and its related fractures (13,14). It seems that 
this trend also continues in most of the studies included in 
this systematic review. Studies on younger participants have 
determined having insufficient knowledge and awareness 
about osteoporosis risk factors (12,28). In future studies, it 
should be considered that an increase in interventional studies 
focusing on the male gender and younger population will be 
beneficial in the prevention of osteoporosis.

The current review showed positive effects OP knowledge for 
the intervention group in four studies (10,12,27,28), although 
there were no significant differences between intervention 
and control groups in two studies (26,32). On the other hand, 
Kloseck et al. (2017) study reported statistically significant 
change behavior BMD and vitamin D intake (32). If a peer 
educator or mentoring programs is planned, criteria such as 
peer educators or mentors’ education level, age, willingness to 
volunteer should be taken into consideration. Sava et al. (2020) 
study found that female community leaders had knowledge 
of OP and its risk factors, increase levels of health motivation 
and decrease levels of perceived barriers toward behavioral 
change (37). Knowing OP and its associated risk factors plays 
an important role in revealing behavioral change. In addition, 
factors underlying behavior affect OP knowledge. Bordes et 

al. (2020) study reported that participants had inadequate 
knowledge about OP, its risk factors and prevention. In 
addition des Bordes et al. (2020) study found that many 
misconceptions and concerns about medication side effects 
or fear of dependence (35). Nurses and physicians can play a 
leading role OP prevention and awareness.

Pinar et al (2017) had conducted a cross-sectional study 
(n=1792) to determine the prevalence of OP and associated 
risk factors in Turkish women aged 18-49 years. Pinar’s study 
reported that most participants were at low risk of developing 
OP, %6.9 were at medium to high risk of developing the 
disease. From BMD levels measure by DXA 33.3% were 
osteopenia, %4.0 were osteoporotic (38). Current review 
found that seven studies reported that there was a statistically 
significant difference in the BMD behavior, BMD test, bone 
mass and the rate of BMD between the intervention group 
and the control group (e.g. printed materials, education 
and ultrasound or usual care) (24–26,29–32). Similarly, 
in the literature showed that interventions consisting in 
education and follow-up significantly improved BMD testing 
(39,40). These results indicated that necessary public health 
strategies might be beneficial not only for the risk group but 
also healthy individuals in protecting and improving bone 
health.

Weaver et al (2016) review reported the evidence of a positive 
effect of physical activity on bone mass and density as strong 
(41). Shoja et al (2020) review confirmed the significant 
positive effects of dynamic resistance exercise on BMD in post-
menopausal women (42). In this systematic review found that 
exercise was measured only three studies (17,24,28). One 
study reported a significant improvement in exercise in the 
intervention group compared to control group (28). These 
studies used exercise CD for participants (28), behavioral 
exercise card (17), tai chi and resistance exercise (24).

5. CONCLUSION

Our systematic review contributes to the current knowledge 
of educational and multifaceted interventions for OP 
preventing behaviors. Using educational interventions 
can improve osteoporosis knowledge, calcium-vitamin D 
intake and bone mineral density among healthy or at risk 
populations about osteoporosis in primary care. Behavior 
change provide also health promotion. Handling individual’s 
health beliefs, attitudes, and self-efficacy can facilitate 
behavior change. The results inform primary care physicians, 
nurses and community pharmacist assist in deciding on 
early interventions to prevent OP and its related fractures. 
Future studies may be focus on younger, male gender and 
healthy adults to improve bone health. Furthermore, it 
may be beneficial to increase the model or theory based 
interventions that improved attitude and self-efficacy in 
changing behaviors such as screening and nutrition. Exercise, 
quality of life and risk management are included in a few 
several interventions in this review. Therefore, researchers 
should take into consideration also with these issues.
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This systematic review has some limitations. Meta-analysis 
could not be performed due to heterogeneity of the participants’ 
socio-demographics factors, duration of intervention and 
outcome measurements. Despite this limitations, we believe 
this review provides brief and informative interventions that 
can be adapted in practical life.
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ABSTRACT

The aim of this study was to follow early motor and sensory development of the infant with Thiamine Metabolism Dysfunction Syndrom (TMDS). 
Newborn with 38 weeks gestational age, 2600 kilograms weight admitted to neonatal intensive care unit (NICU) due to respiratory distress, 
absence of suction reflex, and floppy appearance. Case had respiratory support during 5 weeks. Infant was referred to SANKO University 
Physiotherapy unit on postterm 12th week due to hypotonia after discharge. Prechtl’s Generel Movements (GMs) and Hammersmith Infant 
Neurological Evaluation (HINE) was performed at 3rd and 4th months. Sensory processing parameters were evaluated with the Newborn 
Sensory Profile-2 (NSP-2). Case had no Fidgety movements (FMs). The HINE score was 37-45 in the 3th and 4th month respectively. Total score 
in NSP-2 was 33 in the 3th month (general = 12, auditory = 7, visual = 8, tactile = 2, movement = 2, oral sensory processing = 1). While the case’s 
Newborn Sensory Profile-2 (NSP-2) total score was in newborn norms, visual, tactile, movement but intraoral sensory parameters and auditory 
parameters were in low limits. The low motor performance was associated with low NSP-2 score and showed interaction with motor-sensory 
development. It is concluded that early physiotherapy program can be effective.
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Case Report: Motor and Sensory Development of a Case 
Followed with Suspicion of Neonatal Thiamine Metabolism 
Dysfunction Syndrome

1. INTRODUCTION

Thiamine; is a complex B vitamin that helps to support 
growth, is necessary for the healthy function of the nervous 
system, heart and other tissues. Neurological findings such 
as motor function, cognitive, speech and communication in 
patients with thiamine metabolism dysfunction syndrome 
(TMDS), also there may be developmental disorders, 
cardiological, orthopedic retardation with a high mortality 
risk [1, 2].

Thiamine metabolism dysfunction (TMDS) is an autosomal 
recessive neurometabolic condition [3, 4]. TMDS is a rare 
disorder. This disorder has several acronyms since it was first 
described by Ozand et al, in 1998 [4]. These names include 
solute carrier family 19 (thiamine transporter), member 
3 (SCL19A3) gene defect, biotin-responsive basal ganglia 
disease (BBGD), biotin-thiamine–responsive basal ganglia 
disease (BTBGD), and thiamine metabolism dysfunction 
syndrome 2 [5]. The worldwide incidence and prevalence 
of SLC19A3 gene defect disorders are unknown. It is most 
commonly reported in Saudi Arabians, who contributed 70 
(52%) of the 134 known cases. However, this gene defect is 
pan ethnic [4, 5].

Patients have episodes of acute encephalopathy with 
symmetrical lesions in the cortex, basal ganglia, thalamus, 
or periaqueductal gray matter, biotin or thiamine deficiency 
[6, 7]. It may lead to coma and death, with progressive 
neurodegeneration such as confusion, seizures, and 
dysphagia [4]. Early signs of thiamine deficiency include 
fussiness and irritability in infants. Weakness, nystagmus, 
ophthalmoplegia, ataxia, and cognitive impairment 
accompany progression of the disease. Infants may be 
noted to have a lack of tone. Neurologic symptoms are 
often reversed quickly with treatment, but lasting effects 
may be seen in severe cases or with delayed treatment. 
As thiamine deficiency progresses, extreme loss of muscle 
mass can be observed. Early reports of the phenomenon 
particularly indicate severe wasting of the gastrocnemii. 
Adults demonstrate considerable weakness related to 
muscle loss and peripheral neuropathy [7]. But there is 
no assessments about motor and sensory development 
in infants with TMDS in the literature. Long term stay in 
NICU can cause sensorial deficits in TMDS infants, too. So 
there can be asssosciation between motor and sensory 
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develeopment of these infants. Therefore, the aim of this 
study was determine the deviations in motor and sensory 
development of a newborn who is followed up with the 
TMDS. In addition, to determine the improvements in 
motor development with early physiotherapy program.

2. CASE PRESENTATION

The infant was followed up due to lack of movement and 
intrauterine growth retardation in prenatal period, was 
admitted to the SANKO University Neonatal Intensive Care 

Unit (NICU) (Table 1). Case had respiratory distress, lack of 
sucking, floppy appearance. Demographic information was 
taken from hospital records (Table 1). Cephalic hematoma 
was observed at Magnetic Resonance Imaging (MRI) in the 
right frontoparietal area. SMN1-2, SLC19A3 gene analysis and 
neonatal metabolic screening were performed. Hypotonia 
and delay in motor development were observed in the 
postterm 12th week after discharge, then referred to the 
Physiotherapy and Rehabilitation Unit of SANKO University, 
followed up with home physiotherapy program by monthly 
visits. Observations of the case before the Physical Therapy 
program was shown in Table 1.

Table 1. Demographic Characteristics, motor and sensory assessments of the case

Demographic Characteristics of the Case 12th week (3 months) observations of the case 
(BPT)

16 th week (4 months) observations of the 
case (APT)

Birth weight (kg) 2.600  – Excessive hypotonic posture

 – Exaggerated external rotation in the hips and 
frog posture

 – Bilateral lower extremities kicking were low

 – Hands were not in the midline and could not 
touch knees.

 – Antigravity movements were too limited

 – Midline orientation

 – Normal tone at lower and upper extremities

 – Hands were in midline and can touch to the
 knees

 – More antigravity movements observed.

 – Weight shifting were observed in pelvis and 
hips.

 – Achieved hand to hand/ hand to mouth

 – Hands can reach to the objects in midline.

Birth length (cm) 52

Gestational Age (w) 38

Hopitalization duration(d) 90

Apgar score (1 - minute) 5

Live birth of mother 3

Mother age 32 Newborn Sensory Profile (NSP-2) Row Scores

MV Support (w) 10 General processing 32

Intra-Incubator oxygenation (w) 5 Auditory processing
Visual processing

7
8

Discharge of NICU (d) 90 Tacdil processing 2
Movement processing 2
Oral sensorial processing 1

Neonatal Sensory Profile (NSP-2) age compliance 
code quadrants
Sensorial Seeker 4

Sensorial Avoidant 7

Sensorial Sensitivity 7

Sensory Recorder 5

Motor assessments of the case FMs
(3 months)

F- FMs
(4 months)

F-

HINE
(3 months)

37 HINE
(4 months)

45

Neonatal Sensory Profile of the Case NSP-2 age-matched quadrant at 3 months

Neurological Threshold Process
Behavior Response Process

Acting in harmony with the threshold Acting on the threshold

High Low

Poor recording ability +

Seeking stimuli +

Sensitivity to stimulus +

Avoiding the stimulus +

Kg: kilograms, cm: centimeter, w: week, d: day, BPT: before physical therapy, APT: after physical therapy, NICU: Neonatal Intensive Care Unit, FMs: Fidgety 
movements, HINE: Hammersmith Infant Neurological Examination, F-: No Fidgety movements
NSP-2: Neonatal Sensory Profile
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Prechtl’s General Movements (GMs) assessment shows 
quality of spontaneous motor movements without any 
stimulus [8]. GMs analysis has high reliability and validity 
(98% sensitivity) in predicting developmental disorders such 
as CP. GMs shows Fidgety character during 9-20 weeks [8]. 
Fidgety movements (FMs) was assessed by the 5 minute 
video records, 2 times until the end of the 4th month. Fidgety 
movements (FMs) of the case were evaluated. There was no 
Fidgety (F-) in the 14 and 16 weeks (Table 1). The posture of 
the case at 14th and 16th week during GMs assessments was 
shown in Figure 1.

 

Figure 1. The posture of the case at 14th and 16th week during GMs assessments Figure 1. The posture of the case at 14th and 16th week during GMs 
assessments

Hammersmith Infant Neurological Evaluation (HINE) is one 
of the neuromotor evaluation methods of infants between 
2 and 24 months old. It can be used in different high and 
low risk populations for preterm and term infants. Total score 
range from 0 to 78. 67-70> score indicates normal range, <57 
shows that there is a 96 % risk for CP between 3-6 months. 
The HINE test has a 90 % predictive value for CP risk in infants 
aged 2-24 months [9]. HINE was performed at 3th and 4th 
months. HINE score of the case was 37 and 45, respectively 
(Table 1).

The physiotherapy program included training of parents 
about therapeutic holding and carrying principles, facilitation 
of voluntary head, trunk-hip extension against gravity in prone 
position, ensuring elongation on the weight-bearing with 
unilateral reaching in prone position with ‘hands on’ pelvic 
stabilization, weight bearing of the forearms with keeeping 
scapular adduction, active head movements with the 
support of physiological flexion in supine, supportied sitting 
or sidelying position, midline orientation in sidelying with 
various supports, reaching out of hands to feet with active or 
passive movements in various supine positions, facilitation of 
head and trunk movements with using wrighting reactions, 
passive ‘hands on’ rotation facilitations from supine to prone 
or opposite, facilitation of the use of hands during high lyied, 
supported or independent sitting position and development 
of voluntary hand-eye coordination, head control, grasping, 
and trunk control. Family trained according to the goals like 
head control, holding feet, middline orientation, rotations 
of two side, reaching objects, devoloping righting reactions, 
weight bearings and weight shiftings set within the framework 
of the motor movements that the infants could achieve. Also 

feeding or functional playing postures were explained for the 
writhing and balance reactions.

Sensory processing parameters were evaluated with the 
Newborn Sensory Profile-2 (NSP-2) questionnaire filled by the 
mother at 3 months. It bases on individual family responses, 
adapted from the Infant Toddler Sensory Profile (ITDP) [10, 
11, 12]. The NSP-2 has 24-question with consisting of sensory 
profile, general sensory, auditory, visual, tactile, motion 
processing, oral sensory processing sub-scores. The total 
raw score of NSP is calculated with the sum of sub scores 
(Table 1). In addition, age compliance codes quadrants of the 
baby such as seeking, avoiding, sensitivity and recording are 
defined. NSP-2 raw total score of the case was 32 (overall:12, 
auditory:7, visual:8, tactile:2, movement: 2, oral sensory 
processing: 1) at 3 months (Table 1). NSP-2 total score 
of our case had lower range than her peers. Accordingly, 
when looking at the compatibility of the infant’s general 
sensory processing, infant seemed 4 % sensorial seeker, 
7% sensorial avoidant and 7% sensorial sensitivity, and 5 
% sensory recorder. Also it was observed that the case had 
poor recording ability, lower threshold for seeking stimuli, 
sensitivity to stimulus and avoiding the stimulus acoording to 
their healty peers quadrant scores.

3. DISCUSSION

It has been shown that, sensory processing and motor 
problems can be detected at an early stage of life, and 
improvement with the motor development can be with 
early physiotherapy program with this case report. Also the 
interaction of motor-sensory development was revealed. 
Sensory processing has been conceptualized by Dunn as 
the emergence of appropriate responses and behaviors 
in neurological processes where messages from visual, 
auditory, tactile, oral, olfactory, vestibular, proprioceptive 
and kinesthetic inputs are regulated [13]. The interactions 
between the individual’s neurological thresholds, emotional 
and behavioral responses or self-regulation strategies 
are permanent. Dunn developed four different response 
categories based on the interaction between the individual’s 
neurological threshold and behavioral responses [13]. These 
are called sensory seeking, avoidance, low registration, and 
increased sensory sensitivity [13]. These processes develop 
in accordance with natural stimuli from infancy. However, 
sometimes there may be deviations in development from 
early infancy. One of them is NICU, which is required to 
support vital functions. Reduced spontaneous movements 
for any reason and exposure to excessive sensory stimuli 
may cause negative consequences in the normal sensory and 
motor development of the infant. Newborn preterm infants 
receive less tactile and vestibular stimulation in the NICU than 
prenatal period. However, there are negative stimulations 
such as bright lights, high noise levels, excessive use and 
frequent painful interventions. This condition can have 
permanent effects on the developing brain and affect the 
natural development of sensory systems [14, 15]. Machadoa 
et all. and Celik et all. found a significant difference between 
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term infants and preterm infants in terms of sensory profile 
scores [14, 15]. Although our case was term, some deficiencies 
in sensory parameters revealed. It is thought that, this may 
be due to the relationship between motor development and 
sensory development, or to the difference in hospitalization 
time compared to other term infants.

Studies examining the relationship between sensory 
processing parameters and motor development in infants 
are limited in the literature from the neonatal period [15]. 
Preterm infants are thought to be exposed to these stimuli for 
a longer period of time. However, the fact that the term infant, 
who was exposed to many stimuli in the long-term NICU in 
this study, was less sensitive in terms of sensory processing 
total scores showed that sensory processing problems could 
also occur in term infants in the early period of life. Although 
cognitive and behavioral problems are detected in hypotonic 
infants, studies examining sensory processing and motor 
problems in early infancy are limited [15]. Excessive inactivity 
and low motor performance suggested that low NSP-2 total 
scores might be related in our case. However, the fact that 
the sensory profile test was not repeated with the increase 
in motor development scores constituted a limitation of 
our study in terms of determining its relationship with the 
increase in motor parameters. It is recommended to conduct 
long-term studies with large samples that examine the 
relationship of motor-sensory development in early infancy 
in further studies.

4. CONCLUSION

It is concluded that sensory processing and motor problems 
can determine at an early period of life, also motor 
development can be improved by early physiotherapy and 
rehabilitation program.
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