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Evaluating the Validity and Reliability of the Feeding to Manage Child Behavior
Questionnaire (FMCBQ) among Turkish Parents

Cocuk Davramslarin1 Yonetmek icin Besleme Anketi'nin (CDYBA) Tiirk Ebeveynlerde
Gegerlik ve Giivenirliginin Degerlendirilmesi

"Murat YUCEL, *Umiis OZBEY YUCEL
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ABSTRACT

Objective: This study aimed to evaluate the validity and
reliability of the Turkish version of the Food to Manage
Child Behavior Questionnaire (FMCBQ-T).

Materials and Methods: A total of 256 parents partici-
pated in the study, and the data were collected through a
survey. Content validity was evaluated using the Content
Validity Ratio (CVR) and the Content Validity Index
(CV]). Construct validity was performed with Exploratory
Factor Analysis (EFA) and Confirmatory Factor Analysis
(CFA).

Results: The majority of parents were between the ages of
31-40 (56.3%) and female (83.9%). The CVR was 1 for
each item, and the CVI was 1 for the scale. The Turkish
version of the scale was determined to have three factors
and nine items, with factor loadings ranging from 0.63-
0.90. Cronbach’s alpha coefficient was 0.84 for the total
scale. CFA fit indices were found to be xz/df=1.63,
RMSEA=0.06, TLI=0.97, CFI=0.98, GFI=0.96, AG-
FI=0.92.

Conclusion: FMCBQ-T is a valid and reliable tool for
Turkish parents. Since it is known that the feeding style in
childhood affects later years of life, FMCBQ-T is neces-
sary to evaluate how parents use food to manage their
children.

Keywords: Child feeding, child behavior, food to soothe,
food as reward

(0Y7

Amag: Cocuk Davranislarmi Yoénetmek igin Besleme
Anketi'nin (CDYBA-T) Tiirk¢e gecerligini ve giivenirligi-
ni degerlendirmek amaglanmustir.

Materyal ve Metot: Calismaya toplam 256 ebeveyn katil-
mis ve veriler anket yoluyla toplanmugtir. Kapsam gegerli-
8i, kapsam gecerlik indeksi (KGI) ve icerik gecerlik oran
(KGO) ile degerlendirilmistir. Yap1 gegerliligi, aciklayici
faktor analizi (AFA) ve dogrulayici faktor analizi (DFA)
ile gerceklestirilmistir.

Bulgular: Ebeveynlerin ¢ogunlugu 31-40 yas araliginda
(%56,3) ve kadin (%83,9)'di. KGO'nun her bir madde i¢in
1, KGI ise tiim 6lgek icin 1 olarak bulunmustur. Olgegin
Tiirkge versiyonunun 3 faktér ve 9 maddeden olustugu
belirlenmigtir. Faktor yiikleri 0,63 ile 0,90 arasindadir.
Cronbach' a katsayisinin toplam 6l¢ek i¢in 0,84 oldugu
bulunmustur. DFA uyum indeksleri ¥%/sd =1,63,
RMSEA=0,06, TLI=0,97, CFI=0,98, GFI=0,96 ve
AGFI=0,92 olarak bulunmustur.

Sonu¢: CDYBA-T, Tiirk ebeveynler icin gegerli ve giive-
nilir bir aragtir. Cocukluktaki beslenme tarzinin yasamin
sonraki yillarini etkiledigi bilindiginden, CDYBA-T ebe-
veynlerin ¢ocuklarmi yonetmek igin yiyecekleri nasil
kullandiklarmi degerlendirmede oldukga gereklidir.
Anahtar Kelimeler: Cocuk beslenmesi, ¢ocuk davranisi,
6diil olarak yiyecek, yatistiric1 yiyecek
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INTRODUCTION

Nutritional behaviors that begin in the family, espe-
cially through imitation of the mother, significantly
shape the future nutritional behavior of children.' As
these behaviors are known to be passed down to
subsequent generations, teaching children proper
nutritional behaviors is crucial.?

During childhood, when mood changes are frequent,
food is often used as a tool to achieve the desired
behavior. Different foods may be offered to children
in order to correct the child's negative behavior or to
reward correct behavior.® Such interventions, which
parents may also use to save time, are very effective
in the emotional control of children.*

Food, snacks, or drinks can be offered to calm the
child who becomes angry when the parent is busy or
in public places.” In particular, food-mediated re-
ward practices, based on the parents’ perceptions or
expectations can facilitate the management of a
child’s behavior. However, it is not easy to deter-
mine in which situations these rewards, which do
not have a direct nutritional purpose, are pre-
ferred.>*

In relation to the information given above, a tool
titled “The Feeding to Manage Child Behavior
Questionnaire (FMCBQ)” was developed by Savage
et al. to determine situations in which child behavior

Mourat Yiicel and Umiis Ozbey Yiicel

is managed through feeding reward.® In this study, it
was aimed to adapt the FMCBQ in the Turkish lan-
guage and to determine its validity and reliability
among Turkish parents.

MATERIALS AND METHODS

Ethical Considerations: The study was conducted in
accordance with the Declaration of Helsinki, and all
procedures were approved by the Akdeniz Universi-
ty Faculty of Medicine Ethics Committee (Date:
20.07.2022, decision no: KAEK-482). Informed
consent was obtained from all subjects.

Research Design and Sampling: This study was
conducted in public kindergartens in Antalya, Tiirki-
ye, between April to August 2022. The sample con-
sisted of parents with children aged between 2-6
years who volunteered to participate in the study.
Parents whose children used medications that affect
appetite or had any chronic disease were excluded
(Figure 1). In adaptation studies, it is recommended
that the approximate sample size be at least 5-10
times the number of scale items (between 9*5=45
and 9*10=90).” However, if the number of items in
the scale is low, a minimum sample of 200 partici-
pants is considered more appropriate.* This study
was completed with a total of 256 parents, meeting
the sample requirements in the literature.

' N\
Turkish translation-backtranslation and cultural
adaptation of the FMCBQ

. J

A4
4 ™

Correction of the FMCBQ by the researchers

\ J

T )
( B . . .

A pilot study with 20 parents ~ Inclusion criteria

L -Being a Turkish language speaker

iy < S -Having a child between the ages of 2-6
' Y \'

Assessed for eligibility (n=302)

N\ A

Iy 2 4

Excluded
( i ) - Those who refuse to participate (n=28)
=2
Enrolled (a=256) Those whose children use medications that affect
h U’ / appetite or have any chronic disease (n=3)
-Invalid surveys (15)
g N \
Construct validity

O

& N
Reliability

Figure 1. Flowchart of the study.
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Data Collection: Study data were collected by con-
tacting parents through kindergarten teachers. Be-
fore the study began, parents were provided with
necessary information and a survey form. The first
part of the form included socio-demographic infor-
mation, while the second part consisted of FMCBQ
items.

Body weight and height were measured using a scale
and a non-stretchable tape, following standard pro-
cedures. Parents' BMI was calculated by dividing
body weight by the square of height in meters (kg/
m?) (WHO).'® Children's BMI-for-ages were calcu-
lated using the WHO Anthro-Plus program.'' All
BMI values were classified based on WHO crite-
I,ia.lo,ll

Original Version of the Feeding to Manage Child
Behavior Questionnaire (FMCBQ): Before the
study, the necessary permission was obtained via e-
mail from the developers of the questionnaire. The
FMCBQ originally comprises two factors and nine
items (5-point Likert scale). Each item is scored
from 0 to 4 points (0 = Never, 1 = Rarely, 2 = Some-
times, 3 = Often, 4 = Always). The average score of
each factor is calculated by dividing the total score
by the number of items, ranging from 0 to 4 points.
Unanswered items are excluded from scoring.®

The Food to Soothe (FTS) factor assesses the fre-
quency of using food to prevent negative reactions
or to keep children calm. It includes five items (1, 4,
5,8, 9). The Food as Reward (FAR) factor evaluates
the frequency of using food to reward children’s
behavior or food consumption and includes four
items (2, 3, 6, 7).°

Turkish Translation and Adaptation Procedure:
The translation-back-translation method was used
for the Turkish adaptation process. In the first stage,
the scale was translated from English to Turkish by
individuals fluent in both languages, including two
experts in English Language and Literature and five
experts in Nutrition and Dietetics. The resulting
draft was reviewed by five Nutrition and Dietetics
experts for semantic integrity, consistency, and
grammatical accuracy. After the evaluation, neces-
sary corrections were made, and a pilot test was con-
ducted with a sample of 20 parents. Based on the
pilot test results, it was determined that each item
was understandable, appropriate, and the total re-
sponse time was approximately five minutes.
Content Validity and Construct Validity: Content
validity calculations were made using the Lawshe
Technique.'? Content Validity Ratio (CVR) and
Content Validity Index (CVI) were calculated based
on the opinions of five experts. Before conducting
Exploratory Factor Analysis (EFA), the adequacy of
the sample size was evaluated using the Kaiser-
Meyer-Olkin (KMO) test. Bartlett's test of sphericity
was applied to assess the multivariate normal distri-
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bution assumption.

To determine the theoretical structure, the Varimax
rotation method was used to maximize the factor
loadings of the items as much as possible.'* The the-
oretical structure was tested using CFA. Fit indices,
including y*/sd, RMSEA, TLI, CFI, GFI, and AGFI,
were calculated using the maximum likelihood
method."

Reliability analysis was evaluated using the split-
half method, Cronbach's alpha coefficient, Ho-
telling's T test, and Tukey’s test. In the split-half
method, the scale was randomly divided into two
parts, and the relationship between them was evalu-
ated using the Spearman-Brown test.'°

Statistical Analysis: SPSS and AMOS software were
used for data analysis. During the validity assess-
ment, EFA was conducted to determine the theoreti-
cal structure, with the varimax rotation method ap-
plied to maximize item factor loadings. The verifica-
tion of the theoretical structure was tested with CFA.
In the CFA, the fit of the model was evaluated with
the y*/df, RMSEA, AGFI, GFI, CFI, and TLL" Dur-
ing the reliability assessment, the internal consisten-
cy of the scale was tested with Cronbach's alpha
coefficient and the split-half method. The scale’s
unbiasedness was assessed with Hotelling’s T? test,
and its additivity was examined using Tukey’s test.
The statistical significance level for the analyses was
set at p <0.05.

RESULTS

A total of 256 parents participated in the study. The
majority were aged 31-40 years (56.3%), female
(83.9%) and university graduates (48.8%). Approxi-
mately 97.6% of the participants were married, and
46.1% had one child. According to BMI classifica-
tion, 59.0% of parents and 50% of children were
classified as normal (Table 1).

The FMCBQ originally comprises nine items and
two factors. However, as a result of the factor analy-
sis, a three-factor structure with eigenvalues greater
than one was determined, and the scree plot con-
firmed the existence of the factors. The cumulative
variance value was calculated as 70.9% for the three
factors. The FTS factor included five items (1, 4, 5,
8, 9), consistent with the original scale. However,
the FAR factor is split into two separate factors,
each comprising two items. The new factors were
submitted for evaluation to five academicians for
naming. Based on their consensus, the second factor
was named “Food as a behavior reward
(FBR)” (items 2 and 3), and the third factor was
named “Food as an eating reward (FER)” (items 6
and 7). Factor loadings ranged from 0.63 to 0.90,
with no overlapping items. In its final form, the
scale was confirmed to have nine items and three
factors. Each factor exhibited summability.
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Cronbach’s alpha coefficient was found to be 0.84
for all items, 0.88 for the FTS factor, 0.68 for the
FBR factor, and 0.86 for the FER factor. CVR and
CVI were calculated using the Lawshe Technique.
The CVR was found to be 1.0 for each item, while

Table 1. Demographic information.

Mourat Yiicel and Umiis Ozbey Yiicel

the CVI was found to be 1.0 for the entire scale. The
KMO test for sampling adequacy yielded a value of
0.88. Bartlett’s test of sphericity was statistically
significant (p<0.05) (Table 2).

n ((Vo)
Age 18-30 78 (30.4)
31-40 144 (56.3)
41 + 34 (13.3)
Gender Woman 215 (83.9)
Man 41 (16.1)
Education Primary school 10 (3.9)
High school 41 (16.1)
University 125 (48.8)
Master+ 80 (31.2)
Marital status Married 250 (97.6)
Single 6(2.4)
Number of 1 118 (46.1)
children 2 112 (43.8)
3+ 26 (10.1)
BMI (kg/m2) Underweight 5(2.0)
Normal 151 (59.0)
Overweight 81 (31.5)
Obese 19 (7.5)

Table 2. Explanatory factor and internal consistency analysis results of the FMCBQ-T.

Items Food Food as Food as Total

to behavior eating scale
soothe reward reward

(1) I give snacks or drinks as a way to distract and keep my child 0.70 0.57

quiet when my child is acting out (ex: throwing a tantrum, whin-

ing, etc.)

(2) I give snacks or drinks as a way to distract and keep my child 0.76 0.67

quiet when my child is sad or upset

(3) I give snacks or drinks as a way to distract and keep my child 0.70 0.64

quiet when we are in public settings (ex, church/mosque, shopping,

doctor’s office, theatre, etc.)

(4) I give snacks or drinks to distract or keep my child quiet when I 0.70 0.71

am feeling frustrated, stressed, or tired

(5) I give snacks or drinks to distract or keep my child busy when I 0.81 0.66

am trying to get something done at home (example: on the phone,

cleaning the house, preparing dinner, getting dressed, etc.)

(6) 1 offer my child his/her favorite foods as a reward for good 0.63 0.62

behavior

(8) I withhold sweets/desserts from my child in response to bad 0.90 0.82

behavior

(7) I offer my child a “treat” or “dessert” to get my child to eat his/ 0.88 0.85

her vegetables

(9) 1 offer my child a “treat” or “dessert” for eating everything on 0.90 0.85

his/her plate

Eigenvalue 4.18 1.19 1.00

Variance explanation (%) 46.44 13.26 11.20 70.90

Cronbach’s a coefficient 0.88 0.68 0.86 0.84

CVI (entire scale) 1.0

CVR (each item) 1.0 1.0 1.0

KMO 0.88

Bartlett’s test of sphericity <0.05
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The fit index (y*/df) was found to be 1.63, and the
RMSEA value was 0.06. Other CFA fit indices were
found to be TLI = 0.97, CFI = 0.98, GFI = 0.96,
AGFI = 0.92. Using the split-half method, the scale
was divided into two parts, and the correlation be-
tween them was 0.76. The scale was found to be
unbiased by Hotelling's T*test (p <0.05). The Tukey
test result for the scale was found to be significant
(p<0.05) (Table 3).

Factor loadings of the scale items vary between 0.44
and 0.93. All standardized path coefficients of this

Mourat Yiicel and Umiis Ozbey Yiicel

model were found to be more than 0.4. The items
with the lowest and highest factor loadings were
identified within the FBR factor (Figure 2).

DISCUSSION AND CONCLUSION

Parents, who play a primary role in their child's nu-
trition, may use food as a reward to save time or
encourage specific behaviors. Foods can also be
used as a calming tool to ease children's challenging
hospital experiences.”> FMCBQ, developed by Sav-
age et al. is a valuable tool for identifying how and

Table 3. The fit statistics of the FMCBQ-T according to confirmatory factor analysis.

Fit statistic Value (;riltse-
ria
y/df 1.63 <5
RMSEA 0.06 <0.08
TLI 0.97 >0.90
CFI 0.98 >0-90
GFI 0.96 >0.90
AGFI 0.92 >0.90
Split-half correlation coefficient 0.76
Hotelling's T test p <0.05
Tukey test p <0.05

RMSEA: root mean square error of approximation; TLI: Tucker-Lewis index; CFI: comparative fit
index; GFI: goodness of fit index; AGFI: adjusted goodness of fit index.

68

FS1 |a—(el

Figure 2. Confirmatory factor analysis diagram of the FMCBQ-T. FS: Food to soothe; FBR: Food as behavior reward;

FER: Food as eating reward.
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in which situations child behaviors are managed
through food. Therefore, adapting FMCBQ into
Turkish will meet an important need. This study was
conducted with parents to test the Turkish version of
FMCBQ and to evaluate its validity and reliability of
FMCBQ-T.

CVR and CVI values were found to be 1, and the
construct validity of FMCBQ-T was evaluated by
five experts in the field of Nutrition and Dietetics."
Accordingly, experts confirmed that the scale accu-
rately reflected its intended content. In this study,
the KMO value was 0.88, and Bartlett’s test of sphe-
ricity was found to be statistically significant
(p<0.05). Therefore, the multivariate normal distri-
bution assumption and factor analysis criteria were
met.'” The sample size was determined based on the
guidelines outlined in the methods section, ensuring
a sufficient number of parents were included.”®
FMCBQ-T was administered to a total of 256 par-
ents.

EFA was performed to create the theoretical struc-
ture of the tool.'"* The original FMCBQ includes
nine items and two factors, consisting of FTS and
FAR.®However, in this study, factor analysis result-
ed in the nine items loading onto three distinct fac-
tors. The item loadings for the FTS factor were con-
sistent with the original scale. In contrast, the four
items of the FAR factor split into two separate fac-
tors, each with two items, rather than loading onto a
single factor as in the original scale. The increase in
the number of factors was reviewed by five experts,
who determined that the FAR factor items assess
rewards for specific behaviors or eating. Conse-
quently, the three-factor structure was deemed more
appropriate for the model.

Examination of the FAR factor items reveals that
rewards are given for specific behaviors or eating.
Thus, it is expected that this factor might split during
the adaptation process. The outcome may also stem
from cultural differences. In Turkish culture, it is a
common practice from early childhood to use food
as a reward for certain behaviors or adequate food
intake, both among healthy children and children
with autism, in whom eating behavior problems are
frequently observed.'®?° Additionally, semantic dif-
ferences during the adaptation process and charac-
teristics of the sample may also contribute to factor
changes. In adaptation studies, equivalents in the
target language can evoke different associations.
Consequently, the FAR factor was divided into two
factors, FBR and FER.

All factor loadings exceeded 0.40, the reference val-
ue in the literature.'” According to EFA, the factors
explain 70.9% of the total structure, and this value
was above the minimum reference value of 50.0%."
Consequently, the three-factor structure of the
FMCBQ-T effectively explained the theoretical
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model.'”?!" Similar to this study, other studies as-
sessing parents' attitudes toward child feeding and
obesity risk used scales that separately evaluate be-
havioral and nutritional factors. ****

In adaptation studies, it is recommended to verify
the theoretical model derived from EFA using CFA.
Path coefficients in CFA should exceed 0.4."° In this
study, the path coefficients for the items ranged from
0.44 to 0.93, indicating highly satisfactory results.’
All CFA fit indices (y2/df= 1, RMSEA=0.06,
TLI=0.97, CFI=0.98, GFI=0.96 and AGFI=0.92)
met the required criteria.'” The adapted scale’s fit
indices outperformed those of the original version
(RMSEA =0.12, GFI =0.90, CFI =0.88).°

The internal consistency of the FMCBQ-T was as-
sessed wusing Cronbach’s alpha coefficients.
Cronbach’s alpha coefficient between 0.60 and 0.80
indicates that the scale is reliable.” In this study, the
Cronbach’s alpha coefficients for the FTS, FBR and
FER factors were 0.88, 0.68, and 0.86, respectively,
and the coefficient for the entire scale was 0.84. In
the original version, Cronbach's alpha coefficients
were 0.84 for the FTS factor and 0.70 for the FAR
factor.’ In another study evaluating parents' feeding
behaviors using the FMCBQ, Cronbach’s alpha co-
efficients were 0.87 for the FTS factor and 0.72 for
the FAR factor.*®

A significant positive relationship was found be-
tween the FTS factor and child BMI (p<0.05). Given
that increased BMI is associated with higher food
consumption, it is expected that children given more
food for soothing purposes may have a higher BMI.
Several studies have indicated that the frequent use
of food to soothe children in early childhood is asso-
ciated with obesogenic eating behaviors in later
childhood and exerts long-term effects on dietary
habits and weight status.”’>° Although parents use
foods to soothe children for various reasons, this
practice represents a major risk factor for childhood
obesity.

This study has some limitations. Most participants
were women, which was anticipated given that
women tend to be more involved in child feeding
than men. To minimize participation bias, the survey
was distributed to both mothers and fathers, howev-
er, mothers provided the majority of responses. This
may reflect mothers’ primary role in child feeding
within families or fathers’ relative disengagement
from these responsibilities. Future studies could ad-
dress this limitation by implementing strategies to
enhance father participation, such as targeted sam-
pling through father-focused groups or social media
platforms appealing to male parents. Additionally,
the study was conducted in a single city, so the re-
sults may not be representative of the broader popu-
lation. Future research should include more diverse
geographic areas, a more balanced gender distribu-
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tion, and larger sample sizes to improve generaliza-
bility.

In conclusion, this study demonstrated that the
FMCBQ-T is a valid and reliable tool for Turkish
parents. Due to cultural differences and feeding
practices, the original two-factor scale was loaded
onto three factors during the adaptation process. The
adapted version, which distinguishes between be-
havioral and eating components, is better suited for
the Turkish population. Given that childhood feed-
ing practices influence later life, FMCBQ-T is an
essential tool for assessing how parents use food to
manage their children’s behavior. Future studies
should involve larger and more diverse regions and
include greater father participation to evaluate fur-
ther the use of food in managing children’s behav-
ior.
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ABSTRACT

Objective: This study aims to determine food insecurity
(FD) in relation to sustainable and healthy eating behaviors
and obesity in Tirkiye.

Materials and Methods: The study was conducted be-
tween March and May 2023 in Samsun, Tiirkiye and in-
cluded 461 people (67.0% women; aged 19 years and
over). Data were collected via the online survey method.
Using self-reported body weight (kg) and height (m), obe-
sity was determined based on BMI >30 kg/m*. The Food
Insecurity Experience Scale (FIES) and Sustainable and
Healthy Eating Behaviors Scale (SHEBS) were adminis-
tered.

Results: The rate of FI was 42.5% and was higher in indi-
viduals aged 19-34 years (50.9%) than in individuals aged
35-49 years (36.4%) and 65+ years (34.0%) (p=0.03). FI
was associated with a lower risk of obesity in the unad-
justed model (p=0.005). After adjusting for gender, age,
marital status and education degree, FI was no longer
significantly associated with obesity (p=0.07) and was not
associated with SHEBS score (p=0.61).

Conclusions: This study suggests that FI is not related to
sustainable and healthy eating behaviors and obesity in
this population. More studies investigating FI at the indi-
vidual level in larger populations in Tiirkiye and the envi-
ronmental and health impacts of FI are needed.
Keywords: Diet, environmental health, food insecurity,
hunger, sustainable development

(0Y7

Amag: Bu calisma, Tiirkiye'de besin giivencesizliginin
(BG) siirdiiriilebilir ve saglikli beslenme davranislart ve
obezite ile iligkisini belirlemeyi amaglamaktadir.
Materyal ve Metot: Calisma Mart-Mayis 2023 tarihleri
arasinda Samsun'da (Tirkiye) gerceklestirilmis ve 461
bireyi (%67,0 kadin; 19 yas ve lizeri) kapsamigtir. Veriler
¢evrimici anket yontemiyle toplanmustir. Bireylerin kendi
bildirdikleri viicut agirhig (kg) ve boy uzunlugu (m) bilgi-
leri kullanilarak, obezite BKI >30 kg/;.n2 olarak belirlen-
mistir. Gida Giivencesizligi Deneyim Olgegi (GGDO) ve
Siirdiiriilebilir ve Saghkli Beslenme Davramslart Olgegi
(SSBDO) uygulanmustir.

Bulgular: BG oran1 %42,5'tir ve 19-34 yas arasi bireyler-
de (%50,9), 35-49 yas aras1 (%36,4) ve 65 yas ustil (%
34,0) bireylere gore daha yiiksektir (p=0,03). BG, diizeltil-
memis modelde daha diigiik obezite riski ile iligkilendiril-
mistir (p=0,005). Cinsiyet, yas, medeni durum ve egitim
derecesi i¢in diizeltme yapildiktan sonra, BG ile obezite
(p=0,07) ve SSBDO puani arasinda anlaml1 bir iliski bu-
lunmamustir (p=0,61).

Sonug: Bu ¢aligma, BG'nin bu popiilasyonda siirdiiriilebi-
lir ve saglikli beslenme davraniglar1 ve obezite ile iliskili
olmadigini gostermektedir. Tiirkiye'de daha genis popiilas-
yonlarda bireysel diizeyde BG'yi ve BG'nin g¢evresel ve
saglik etkilerini aragtiran daha fazla caligmaya ihtiyag
vardir.

Anahtar Kelimeler: Aglik, besin giivencesizligi, ¢evre
sagligi, diyet, siirdiiriilebilir kalkinma
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INTRODUCTION

Food insecurity (FI) is a growing public health prob-
lem, especially in low- and middle-income coun-
tries, where a rapid transition in dietary habits, char-
acterized by increased access to fast-food foods, is
taking place.” One of the reasons for the dietary
transition is the limited access to healthy foods that
provide the nutrients necessary for a healthy life.” FI
refers to inadequate access to food as well as low-
quality nutrition. Around 41 per cent of the world’s
population is estimated to have suffered from FI in
2021.° This has implications for increasing rates of
non-communicable diseases, particularly obesity and
obesity-related hypertension, diabetes and cardiovas-
cular diseases.* The global prevalence of obesity has
been increasing,” and according to the most recent
report, Tiirkiye, a middle-income Eastern Mediterra-
nean country, has the highest prevalence of over-
weight and obese individuals in the European re-
gion.’ The relationship between FI and obesity is
mediated by many factors, including diet. House-
holds experiencing FI were reported to have un-
healthier diets than food-secure households, with
higher consumption of fast food and sugary drinks
and lower consumption of vegetables and fruits.” As
FI increases, the consumption of nutrient-rich milk,
vegetables and fruits decreases while the consump-
tion of foods with high energy density and low nutri-
ent content increases.

Sustainable nutrition refers to the ability to meet the
nutritional needs of current populations without re-
ducing the ability of future generations to meet their
needs and without harming the environment and
natural assets. Sustainable diets are nutritionally
adequate, safe, healthy, culturally acceptable, acces-
sible, economically fair and affordable, while also
maximizing human and natural resources. They are
also protective and respectful of ecosystems and
biodiversity.” Accordingly, sustainable dietary op-
tions that take into account the economic, health and
sustainable aspects of food consumption are ex-
pected to alleviate FI and the health burden that it
causes.'” Unsustainable food systems often fail to
provide the amount or type of food needed to main-
tain population health, leading to FI and obesity as a
result of unhealthy diets."' Unsustainable and un-
healthy diets can lead to overweight, obesity and
obesity-related health problems, jeopardize food
resources for current and future generations and
cause irreversible environmental problems.'*"

This study aims to define FI, sustainable and healthy
eating behaviors and obesity among individuals over
19 years of age in Tiirkiye and to determine FI in
relation to sustainable healthy eating behaviors and
obesity.

Gokge Unal

MATERIALS AND METHODS

Ethics Committee Approval: Ethics committee ap-
proval was received from the Ondokuz Mayis Uni-
versity Ethics Committee (Date: 11/01/2023, deci-
sion no: 2022/584). The study was planned under
the Helsinki Principles.

Study Design and Participants: This is a descrip-
tive, cross-sectional study. The study sample was
determined using a convenience sampling method.
The study was conducted between March 2023 and
May 2023 at Ondokuz Mayis University in Samsun,
Tirkiye. Data were collected via the online survey
method. The study was based on volunteers, and the
subjects were included after having given their in-
formed consent. Following the announcement of the
survey via social media and messaging applications,
individuals who consented to participate were in-
cluded. Individuals under the age of 19 (children and
adolescents) and pregnant women were excluded
from the study. A sample size calculation was per-
formed by calculating the effect size based on the
data from the study, which found a significant dif-
ference between the diet quality scores of individu-
als with high and very low levels of FI.'* The sample
size was calculated using G*¥Power software: em-
ploying a one-tailed analysis with a 0.33 effect size
and applying a power of 0.95 and a significance lev-
el of 0.05. This resulted in a sample size of 394.
Measures: Participants’ characteristics (i.e., gender,
age, marital status, education degree, smoking sta-
tus, income/expenditure balance) were noted. The
participants were grouped into four categories: 19—
34 years, being young adults; 35-49 years, being
early middle-aged adults; 50-64 years, being late
middle-aged adults; 65+, being old age. These age
cut-off points have been chosen so they represent the
life phases of the adult life span based on a previous
study by Franssen et al. and the United Nations’
definition of old age.'>'® Self-reported body weight
(kg) and height (cm) values of the participants were
recorded, and body mass index (BMI) was calculat-
ed by dividing body weight (kg) by height squared
(m%). According to the World Health Organization
classification, underweight was defined as <18.50
kg/m2, normal weight as 18.50-24.99 kg/m2, over-
weight as 25.00-29.99 kg/m2 and obesity as >30.00
kg/m2."”

The Food Insecurity Experience Scale (FIES), which
was developed by the Food and Agriculture Organi-
zation of the United Nations'® to measure FI at the
individual level, was used to measure FI in this
study. The scale has been translated into many lan-
guages, including Turkish,"'” and used in Turkey
Nutrition and Health and Health Survey (TNHS)
2017.° The measurement is based on the circum-
stances and behaviors that respondents to an 8-item
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questionnaire reported, which resulted from their
inability to access food due to a lack of money or
other resources. Responses are coded as 1 for “yes”
or 0 for “no”.! Those who answered no to all 8 items
were defined as food-secure, while those who an-
swered yes to at least one item were identified as
food-insecure. While defining groups based on food
security, this study focused on the dichotomous vari-
able: being food-secure versus being food-insecure,
based on a previous study.”!

The Sustainable and Healthy Eating Behaviors Scale
(SHEBS) was applied to evaluate sustainable and
healthy eating behaviors. The scale was created
based on the LiveWell method, the FAO definition
of a sustainable diet, and the essentials of sustaina-
ble and healthful eating practices.”” The scale’s
Turkish version’s validity was assessed by Koksal et
al.2® The scale consists of 32 items in total, with re-
sponses on a seven-point Likert scale ranging from
never to always. The items are divided into the fol-
lowing seven components: considering quality labels
and choosing regional and organic foods, consuming
seasonal food and avoiding food waste, reckoning
with animal welfare, reduction of meat consumption,
choosing healthy foods and aiming for a balanced
diet, favoring local food, and choosing low-fat
foods. Higher scores on this scale indicate higher
numbers of sustainable and healthy eating behaviors.
Cronbach’s alpha coefficient was reported as 0.90
for the whole scale and 0.61-0.82 for the subscales.
Statistical Analyses: Data analysis was performed in
the IBM Statistical Package for the Social Sciences

Table 1. Demographic information.
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(SPSS), Version 24. The study variables were de-
scribed using percentages, frequencies, means, and
standard deviations. The independent samples t-test
and the one-way analysis of variance (One-Way
ANOVA) test, followed by the Bonferroni post hoc
test, were conducted to identify differences in
SHEBS scores based on participant characteristics.
Chi-square tests were applied to report differences in
rates of FI and obesity according to the characteris-
tics of the participants. Linear regression models
were evaluated to determine associations between FI
(independent variable) and sustainable and healthy
eating behaviors (total and component scores of
SHEBS) as dependent variables. Binary logistic re-
gression models were administered to investigate the
associations between FI (independent variable) and
obesity as the dependent variable. Models adjusted
for gender, age, marital status, and education degree.
The results were evaluated at the 95% confidence
interval and the significance level of p < 0.05.

RESULTS

A total of 461 individuals, mostly women (67.0%)
and the majority of whom were between the ages of
19-34 (37.5%), participated in the study. The partici-
pants were mainly married (54.7%), graduates of
high school and above (67.9%) and non-smokers
(73.5%). They mostly (80.5%) had an income that
was equal to or more than their expenditure. Most
individuals (39.0%) had a normal weight, while the
overweight rate was 33.6% (Table 1).

Characteristics Data
n (%)
Gender Women 309 (67.0)
Men 152 (33.0)
Age 19-34 years 173 (37.5)
35-49 years 99 (21.5)
50-64 years 95 (20.6)
65+ years 94 (20.4)
Marital status Single 209 (45.3)
Married 252 (54.7)
Education degree Middle school and below 148 (32.1)
High school and above 313 (67.9)
Smoking status Yes 122 (26.5)
No 339 (73.5)
Income/expenditure balance More 113 (24.5)
Equal 258 (56.0)
Less 90 (19.5)
BMI categories Underweight 24 (5.3)
Normal weight 180 (39.0)
Overweight 155 (33.6)
Obesity 102 (22.1)

BMI: Body Mass Index.

113



Arastirma Makalesi (Research Article)

Table 2 shows that 42.5% of the participants were
food-insecure and that the rate of participants with
obesity was 22.1%. The SHEBS score differed ac-
cording to gender (higher among women), age
(higher among older ages), marital status (higher
among married people) and education degree (higher
among middle-school graduates and below)
(p<0.001). The obesity rate differed according to age
(higher among older ages), marital status (higher
among married people) and education degree (higher
among middle-school graduates and below)
(p<0.001). Moreover, food-insecure participants had
lower rates of obesity than those who were food-
secure (15.8% vs. 26.8%; p=0.005). The FI rate dif-
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fered significantly by age. Accordingly, the rate of
FI was higher in individuals aged 19-34 years
(50.9%) than in individuals aged 35-49 years
(36.4%) and 65 years and over (34.0%) (p=0.03).
The two models (unadjusted and adjusted) for linear
regression indicated associations between FI
(independent variable) and SHEBS (total and com-
ponent scores). There were no significant associa-
tions between FI and SHEBS total scores in the un-
adjusted (B=-1.133, SE: 2.396, B= -0.026, p=0.58)
and the adjusted model (B=1.144, SE: 2.249,
B=0.022, p=0.61). Furthermore, there were no sig-
nificant associations between FI and SHEBS compo-
nent scores (Table 3).

Table 2. SHEBS scores, food insecurity and obesity rates by characteristics.

Characteristics SHEBS score’ Obese” Food-insecure”
Mean+SD p-value n (%) p-value n (%) p-value
Total 131.7+£25.4 102 (22.1) 196 (42.5)
Gender Women 134.8+23.4 0.001 68 (22.0) 0.93 134 (43.4) 0.60
Men 125.4+28.1 34 (22.4) 62 (40.8)
Age 19-34 years 122.7426.7° 0.001 7 (4.0)* 0.001 88 (50.9)" 0.03
35-49 years 132.0421.7° 21 (21.2)° 36 (36.4)°
50-64 years 138.3£23.6™ 37 (38.9)° 40 (42.1)
65+ years 141.3+23.0% 37 (39.4)° 32 (34.0)°
Marital Single 124.8426.7 0.001 23 (11.0) 0.001 106 (50.7) 0.001
status Married 137.5+£22.8 79 (31.3) 90 (35.7)
Education Middle school and be- 141.9421.8 0.001 62 (41.9) 0.001 53 (35.8) 0.05
degree low
High school and above 126.9+£25.6 40 (12.8) 143 (45.7)
Smoking Yes 127.9+27.9 0.05 20 (16.4) 0.08 52 (42.6) 0.98
status No 133.1+24.4 82 (24.2) 144 (42.5)
Food secu- Food-insecure 130.9 +£24.1 0.58 31(15.8) 0.005
rity Food-secure 132.3 £26.4 71 (26.8)

SHEBS: Sustainable and Healthy Eating Behaviors Scale; Score range for SHEBS is 32-224; SD: Standard Deviation; 'Independent sam-

ples t-test results are displayed except for the age variable. One-way analysis of variance followed
Different letters indicate differences between groups after post hoc tests (Bonferroni test results);

letters indicate differences between groups.

b;/c

Bonferroni post hoc test used for age.
hi-square test results; “*“¢: Different

Table 3. Linear regression results of associations between food insecurity (independent variable) and Sustaina-
ble and Healthy Eating Behaviors Scale (SHEBS) total and component scores as dependent variables.

Dependent variables

Independent variable: Food security (ref. food-secure)

Model 1 (Unadjusted) Model 2 (Adjusted)

B SE) B P B SE) B P
value value
SHEBS total score -1.333 -0.026  0.58 1.144(2.249)  0.022 0.61
(2.396)
SHEBS Quality labels (regional and organ- —0.438 -0.029  0.53 —0.035 -0.002  0.96
compo- ic) (0.700) (0.679)
nents Seasonal food and avoiding food —1.181 -0.083  0.07 —0.334 —0.024  0.58
waste (0.660) (0.606)
Animal welfare 0.267 (0.497)  0.025 0.59  0.628(0.492)  0.059 0.20
Meat reduction 0.197(0.353)  0.026 0.58  0.445(0.342)  0.059 0.19
Healthy and balanced diet 0.030(0.398)  0.003 094  0.192(0.398)  0.023 0.63
Local food -0.621 -0.071  0.13 -0.291 —-0.033  0.45
(0.407) (0.388)
Low fat 0.413 (0.303)  0.063 0.17  0.538(0.305)  0.083 0.08

SHEBS: Sustainable and Healthy Eating Behaviors Scale.; Model 1: Unadjusted model.; Model 2: Model adjusted for gender, age, marital
status, and education degree.
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As displayed in Table 4, FI was associated with a
lower risk of obesity in the unadjusted model
(OR=0.513, 95%CI:0.321-0.822, p=0.005). Howev-
er, after adjusting for gender, age, marital status and
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education degree, the regression analyses indicated
that FI was no longer associated with obesity
(OR=0.625, 95%CI:0.376-1.039, p=0.07).

Table 4. Binary logistic regression results of associations between food insecurity (independent variable) and

obesity as dependent variable.

Dependent variable

Independent variable: Food security (ref. food-secure)

Model 1 (Unadjusted)

Model 2 (Adjusted)

B OR (CI 95%) p-value B OR (CI 95%) p-value
Obesity (ref. non- —0.667 0.513 (0.321-0.822) 0.005 —-0.469 0.625 (0.376— 0.07
obese) 1.039)

Model 1: Unadjusted model; Model 2: Model adjusted for gender, age, marital status, and education degree. Note: The OR lower than 1
indicates the independent variable (being food-insecure) is associated with a lower risk of the dependent variable (being obese).

DISCUSSION AND CONCLUSION

FI causes unsustainable dietary behaviors, such as
insufficient consumption of fruits and vegetables
and increased consumption of ultra-processed foods,
leading to increasing rates of obesity and obesity-
related non-communicable diseases.”** Global food
affordability has been negatively affected by the
COVID-19 epidemic and rising international con-
flicts, which have worsened FL> All these factors
suggest that the rates of FI and its nutritional conse-
quences (e.g. unsustainable dietary behaviors and
obesity) should be analyzed in Tiirkiye. The present
study revealed a high rate of FI (42.5%). After ad-
justing for gender, age, marital status and education
degree, FI was not significantly associated with obe-
sity. Additionally, FI was not associated with sus-
tainable and healthy eating behaviors in the present
study.

By 2024, the FAO had reported a global prevalence
of FI 0of 28.9%."® In a recent study from Tiirkiye, the
household FI rate was found to be 24.4 per cent,*
which is considerably lower than that found in the
present study, in which FI at the individual level was
42.5%. In the previous study,” the education level
of individuals (approximately 80 per cent had a uni-
versity education) was much higher than that in the
current study (67.9% had high school and above
education). Considering the adverse association be-
tween a lower education level and FI,*> this may
explain the higher level of FI in the current study
than in the previous study. The rate of obesity in this
study (22.1%) was lower than that in the most recent
TNHS 2017 study (34.1%).%° This may be due to the
participation of a large proportion (37.7%) of young
people. The SHEBS scores of the individuals who
participated in the study (131.7 £ 25.4) were found
to be at a moderate level (score range: 32-224) and
were similar to those reported by previous studies
conducted in Tiirkiye.?*?’

The increase in consumption of unsustainable diets
with highly processed food due to convenience, cost
and taste is leading the world's population towards a
more processed, easier and less varied, low-quality
diet, resulting in a large proportion of the world's
population being undernourished in terms of nutri-
ents.” Sustainable nutrition emphasizes a healthy and
balanced diet rich in nutrients, while limiting sugar
and artificial ingredients.”> Studies have shown the
negative effect of FI on overall diet quality. A study
highlighted that food-insecure women eat less
healthy foods, such as vegetables, fruits, while eat-
ing higher unhealthy foods such as processed meat
and sweets. Therefore, this unsustainable, low-
quality diet has been linked to FI1.*® Another research
identified a significant association between FI and
poor diet quality in low-income adults.® The results
of the studies on the relationship between FI and
dietary environmental impact vary. Unlike the simi-
lar study conducted in Tiirkiye, which found a nega-
tive relationship between FI and sustainable eating
behaviors with low environmental impact,® this
study found no relationship between FI and these
behaviors. Similar to the present study, research
conducted among French adults did not find a rela-
tionship between FI and sustainable diets.” In this
study, individuals’ knowledge about sustainable
nutrition and access to a sustainable diet were not
investigated. Sustainable nutrition and sustainable
diets are relatively new concepts-and knowledge of
the subject and accessibility of sustainable foods are
necessary to implement these behaviors. These and
other factors that may affect adherence to sustaina-
ble dietary behaviors should be investigated in fu-
ture studies while assessing the relationship with FI.

In this study, no association was found between FI
and obesity. FI is predicted to cause weight gain by
increasing the consumption of unhealthy foods and
leading to obesity and related health consequenc-
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es.”** However, previous studies have not shown a
constant relationship between FI and obesity. A past
study on women did not find an association between
FI and BMI and other anthropometric measurements
(waist circumference, fat mass) indicative of obesi-
ty.®® Another study reported that the relationship
between FI and obesity is particularly evident in
women living in high-income countries.” Here, FI
levels of the food-insecure individuals may also be
contributing factors. To explain, while obesity is an
expected outcome for individuals who are mildly
food-insecure and have access to unhealthy, high-
calorie, high-fat foods, it may not be an expected
outcome in the short term for individuals who are
severely food-insecure (at the hunger level). In the
current study, it is difficult to make an inference as
FI levels were not determined. In a study conducted
among university students in Tiirkiye, no relation-
ship was found between food security level and
body weight.*® The relationship between FI and obe-
sity has been shown in children and young people
but has not yet been determined in young adults and
the elderly, but it has been pointed out that more
research is needed.’ Lastly, food-insecure individu-
als have a high risk of poor mental health, such as
stress, anxiety and depression, which may possibly
mediate the association of FI to obesity through in-
creased consumption of high-calorie, high-fat, un-
healthy foods.>*

There are limitations to be mentioned regarding this
study. First, the cross-sectional design of the study
could not demonstrate causation. Second, the indi-
viduals participating in the study were not homoge-
neously distributed according to age groups. Finally,
it relied on self-reporting, so participants’ responses
might have been subject to social-desirability bias.
In conclusion, this study reported a high level of FI
in the Turkish population. However, sustainable and
healthy eating behaviors and obesity did not vary
according to FI. It is anticipated that the negative
effects of FI will be clearer in the coming years.
Obesity is a condition that requires a process, and
the effects of FI will become evident, particularly
among the currently young population. Longitudinal
studies showing the effects of FI on obesity and
health, especially in children and young people, are
needed. Sustainable diets have been proposed as low
-budget and affordable diets to tackle FI. Therefore,
efforts to make sustainable diets economically ad-
vantageous and to increase accessibility to these
diets may be useful for reducing FI and its negative
consequences in Tiirkiye and other countries.
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ABSTRACT

Objective: This study aims to evaluate thyroid function
tests in patients diagnosed with COVID-19, who had nor-
mal thyroid function in the past.

Materials and Methods: This research was conducted
using the data of patients who visited COVID-19 outpati-
ent clinics for the first time and had normal thyroid func-
tion in their medical history. All patients were divided into
two groups based on their age and gender. Group I consis-
ted of patients whose PCR test was positive for the first
time, while Group II (control group) consisted of patients
whose test was negative. The study examined the TSH
(thyroid-stimulating ~ hormone), T3 (free  tri-
iodothyronine), fT4 (free thyroxine), albumin, and total
protein (TP) test parameters of all patients in both groups
and compared the results between them. Statistical signifi-
cance was assessed using SPSS 20.0, and a p-value of less
than 0.05 was considered significant.

Results: The study included 1360 patients, with 356 in
Group I and 1004 in Group II. In Group I, TSH levels
were low, but fT3 and fT4 levels were significantly high.
Additionally, albumin and TP values were significantly
lower in Group I. A moderate positive correlation was
found between albumin and fT3 levels, as well as between
albumin and TP levels, in Group I. The age and gender
characteristics of the patients were similar in both groups.
Conclusions: There is a significant increase in thyroid
function tests when COVID-19 infection is first diagno-
sed. However, detailed pathophysiological studies are
needed to reveal the underlying reasons for this increase.
Keywords: Albumin, COVID-19, thyroid-stimulating
hormone, thyroxine, total protein, triiodothyronine
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Amag: Bu caligmada, gegmiste tiroid fonksiyonu normal
olan COVID-19 tanis1 almis hastalarda tiroid fonksiyon
testlerinin degerlendirilmesi amaglanmustir.

Materyal ve Metot: Bu arastirma, COVID-19 poliklinik-
lerine ilk kez bagvuran ve tibbi ge¢cmisinde normal tiroid
fonksiyonu olan hastalarin verileri kullanilarak yiiriitiil-
miistiir. Tim hastalar yas ve cinsiyetlerine gore iki gruba
ayrilmustir. Grup I, PCR testi ilk kez pozitif ¢ikan hastalar-
dan olusurken, Grup II (kontrol grubu) testi negatif ¢ikan
hastalardan olugsmustur. Calismada, her iki gruptaki tiim
hastalarin TSH (tiroid uyarici hormon), sT3 (serbest tri-
iyodotironin), sT4 (serbest tiroksin), albumin ve toplam
protein (TP) test parametreleri incelenmis ve sonuglar
aralarinda karsilastirilmustir. Istatistiksel anlamlilik SPSS
20.0 kullanilarak degerlendirilmis ve 0,05'ten kiiciik p
degeri anlaml kabul edilmistir.

Bulgular: Caligmaya 1360 hasta dahil edilmis olup, Grup
I'de 356 ve Grup II'de 1004 hasta yer almistir. Grup I'de
TSH diizeyleri disiiktii, ancak sT3 ve sT4 diizeyleri an-
lamli derecede yiiksekti. Ek olarak, albiimin ve TP deger-
leri Grup I'de anlamli derecede diistiktii. Grup I'de alblimin
ve sT3 diizeyleri arasinda ve albiimin ve TP diizeyleri
arasinda orta diizeyde pozitif korelasyon bulundu. Hastala-
rin yag ve cinsiyet 6zellikleri her iki grupta da benzerdi.
Sonu¢: COVID-19 enfeksiyonu ilk teshis edildiginde
tiroid fonksiyon testlerinde anlamli bir artis vardir. Ancak,
bu artisin altinda yatan nedenleri ortaya ¢ikarmak igin
ayrintili patofizyolojik ¢alismalara ihtiyag vardir.

Anahtar Kelimeler: Albiimin, COVID-19, tiroid stimiile
edici hormon, tiroksin, total protein, trityodotironin
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INTRODUCTION

The COVID-19 infection, caused by the highly con-
tagious SARS-CoV-2 virus, first emerged in Wuhan,
China, in 2019, leading to a global pandemic in
2020." It has been reported that the increase in mor-
tality among COVID-19 patients is associated with
various disorders triggered by the infection.” In fact,
some researchers have described COVID-19 as "the
most significant public health threat worldwide this
century".® Studies indicate that long-term COVID-
19 can affect multiple organs and cause over 200
symptoms. It is estimated that at least 65 million
people worldwide suffer from this condition.*
However, the lack of a complete consensus on its
treatment and the numerous mysteries surrounding
its pathogenesis raise critical questions about
COVID-19. Many scientific studies have been con-
ducted on COVID-19; further detailed research is
needed to investigate the relationship between
COVID-19 infection and thyroid function. The
SARS-CoV-2 virus penetrates the cells using the
angiotensin-converting enzyme 2 (ACE 2) receptor,
including cells in the thyroid gland. Consequently,
there is a link between SARS-CoV-2 infection and
various thyroid disorders, as reported.’

Thyroid hormones are among the most important
hormones involved in regulating metabolism and
significantly affect all cells in the body. The thyroid
gland produces, stores, and releases T3 and T4 hor-
mones into the bloodstream as needed. Hypothyroi-
dism occurs due to insufficient thyroid hormone
secretion, whereas hyperthyroidism is marked by
high T3 and T4 levels along with low serum TSH
levels.’ Increased thyroid hormone synthesis can
occur due to excessive secretion of pre-synthesized
thyroid hormones or extreme thyroid hormone con-
centration in tissues caused by endogenous or exo-
genous extrathyroidal sources.” Commonly used
tests for thyroid function include TSH, {fT3, and {T4.
Additionally, albumin and total protein (TP) levels,
which play a role in thyroid hormone transport, sho-
uld not be overlooked.

This study aimed to investigate differences in thy-
roid tests during the acute phase of COVID-19 in
patients admitted to outpatient clinics. The study
examined the relationship between COVID-19 and
thyroid hormones during the acute period, taking
into account albumin, total protein (TP), age, and
gender. The findings are expected to provide new
insights for clinicians.

MATERIALS AND METHODS

Ethics Committee Approval: This study was con-
ducted upon approval from the Sakarya University
Faculty of Medicine Ethics Committee (Date:
04.03.2022, decision no: 112789). All authors de-
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clare to follow and obey the Helsinki Declaration
criteria.

Study Design: In addition, this study was carried out
with the permission and approval of the Ministry of
Health of the Republic of Tiirkiye and in accordance
with the scientific research criteria of the ministry.
The research was conducted between March 11,
2020, and February 28, 2022, using the automation
system of a training and research hospital. Partici-
pants included individuals who applied to COVID-
19 outpatient clinics for the first time and had nor-
mal thyroid function in their medical history. Pa-
tients under the age of 18, patients with a history of
thyroid disease, those under treatment that could
affect thyroid hormone levels, and patients on ster-
oid therapy were excluded. The patients were divid-
ed into two distinct groups: the patient group (Group
I) consisted of those with a positive PCR test, and
the control group (Group II) consisted of those with
a negative PCR test. The study examined TSH
(thyroid-stimulating hormone), fT3 (free tri-
iodothyronine), fT4 (free thyroxine), albumin, and
TP test parameters for all individuals in both groups.
Age and gender were also recorded, and all data
were compared between the groups.

Molecular Testing for SARS-CoV-2: Both nasop-
harynx and oropharynx swab samples were collected
from patients using a Dacron swab. Immediately
after collection, the samples were retained in a viral
transport medium, stored at 2-8°C, and delivered to
the molecular microbiology laboratory for analysis.
The samples were transported in compliance with
cold chain protocols and infection control measures.
Upon arrival at the microbiology laboratory, the
samples were processed in a level 3 bio-safe negati-
ve pressure room. Total nucleic acid isolation was
performed using the Bio-Speedy® Viral Nucleic
Acid Isolation Kit (Bioeksen, Tiirkiye). The Bio-
Speedy® COVID-19 RT-qPCR Detection Kit
(Bioeksen, Tiirkiye) was used for RT-PCR analysis.
PCR amplification data and the test results were
evaluated consistently with the manufacturer's rec-
ommendations.

Biochemical Analysis: Hormone tests were perfor-
med using the Architect i2000 SR (Abbott, USA)
device. Albumin and TP tests were conducted on
Beckman Coulter AU 5800 (Koto-Ku, Tokyo, Ja-
pan) fully automated analyzers. The normal range
for Thyroid Stimulating Hormone (TSH) is 0.35-5.5
mlU/L, with a precision of <2.4% CV and a sensiti-
vity of <0.0025 pIU/mL. Free T3 (fT3) falls within a
normal range of 2.3-4.2 ng/L, has a precision of
<5.3% CV, and a sensitivity of <1.0 pg/mL. Free T4
(fT4) has a reference range of 0.89-1.76 ng/L, a pre-
cision of <4.6% CV, and a sensitivity of <0.4 ng/dL.
Total Protein (TP) is typically within 66-83 g/L,
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with a precision of <0.5% CV and a sensitivity of
0.77 g/L. Albumin levels normally range from 35-52
g/L, with a precision of <0.58% CV and a sensitivity
0of 0.07 g/L.

Statistical Analysis: SPSS 20.0 was used for all
analyses. A power analysis was carried out using
G*Power 3.1 software to determine whether the
sample size was adequate to detect statistically signi-
ficant differences between the two independent gro-
ups (Group I/study group, Group II/control group) in
thyroid function parameters. As a result of the litera-
ture review, studies that were suitable for our study
were taken into consideration, and the information
required for sample calculation was obtained from
these studies. Since the smallest effect size between
the two groups was obtained as d = 0.26, the study
hypothesised that there would be a small effect size
between the two groups with d = 0.26, and it was
determined that a total of at least 624 people should
be studied, with at least 312 people in each group at
a power of 90% and a 5% error level. However, sin-
ce this study has a cross-sectional design, the mini-
mum value calculated was taken into account in or-
der to increase the generalizability of the study and
the maximum number that could be reached in the
relevant data range was aimed for. Thus, 1360 peop-
le were included in the study. The distribution of
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continuous variables was assessed using visual and
statistical methods. Normally distributed variables
are presented as mean + standard deviation, while
non-normally distributed variables are shown as
median and interquartile range (Ist and 3rd quarti-
les). Categorical variables are expressed as percenta-
ges and numbers. The chi-square test was used to
compare categorical variables between the case and
control groups. The Student's t-test was used for
normally distributed variables, and the Mann-
Whitney U test was used for non-normally distribu-
ted variables. Spearman correlation analysis was
performed for continuous variables, and box plots
were used for visual representation. A p-value of
<0.05 was considered statistically significant.

RESULTS

In Group I, TSH levels were low, while fT3 and T4
levels were high (Figure 1).

The mean values of the thyroid function tests were
presented in Table 1, and the comparative results
among these hormones were statistically significant
(p<0.001 for TSH, p=0.007 for fT3, and p<0.001 for
fT4). Additionally, albumin and TP values were
significantly lower in Group I (p<0.001 for both). In
Group I, a low negative correlation was detected
between fT3, TP levels, and age.

—

Control

Group

Figure 1. Box plot graph of fT4 levels in the case and control groups.

Table 1. Comparison of TSH, T3, fT4, TP, and albumin levels for Group I and Group II.

Parameters Group I (n=356) Group II n(n=1004) p
Male 206 (57.9) 529 (52.7) .
SeX  Female 150 (42.1) 475 (473) 0.092
Age, Average + SD 64.12+17.07 59.28 +11.67 0.061°
TSH, Median (19Q-3"Q) 0.82 (0.35-1.50) 1.65 (1.09-2.59) 0.001°
fT3, Median (1%Q-3"Q) 3.27 (2.42-4.29) 3.12 (2.86-3.40) 0.007°
fT4, Median (1%Q-3"Q) 12.68 (11.32-14.13) 1.18 (1.07-1.29) 0.001°
Albumin, Median (1¥'Q-3"Q) 32.70 (28.15-37.15) 42.50 (40.20-44.70)  0.001°
Total Protein, Median (1%Q-3"Q) 63.00 (57.90-68.00) 71.80 (69.20-76.70)  0.001°

% Pearson Ki kare test; *: Student t test; ©: Mann-Whitney U test; SD: Standard Deviation; Q: Quartile.
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Conversely, a moderate positive correlation was
found between albumin levels and both fT3 and TP
levels (Table 2). There was also a weak negative
correlation between albumin and age, as well as
between fT3 and age. A low positive correlation was
observed between albumin and both fT3 and TP
levels.
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In Group II, a high positive correlation was found
between albumin levels and both fT3 (r=0.308,
p<0.001) and TP levels (r=0.473, p<0.001), as
shown in Table 3.

Table 2. Correlations of age, TSH, T3, T4, Albumin, and TP in Group L.

Parameters Tests Age TSH fT3 fT4 Albumin TP
Age ¥ 1 0.023 -0.358"° -0.075 -0.491° -0.281°
p 0.668 0.001 0.156 0.001 0.001
TSH ¥ 0.023 1 0.060 -0.153" 0.052 0.036
p 0.668 0.256 0.004 0.325 0.506
T3 ¥ -358" 0.060 1 0.392" 0.539° -0.347°
p 0.001 0.256 0.001 0.001 0.001
T4 ¥ -0.075 -0.153" 0.392% 1 0.049 0.121
p 0.156 0.004 0.001 0.363 0.023
Albumin ¥ -491" 0.052 0.539% 0.049 1 -0.701°?
p 0.001 0.325 0.001 0.363 0.001
Total Protein r -281" 0.036 0.347° 0.121 0.701°2 1
p 0.001 0.506 0.001 0.023 0.001
: p<0.001.
Table 3. Correlation of age, TSH, fT3, T4, Albumin, and TP in Group II.
Parameters Tests Age TSH fT3 T4 Albumin TP
Age ¥ 1 0.004 -0.382° -0.014 -0.367° -0.1937
8 p 0.908 0.001 0.661 0.001 0.001
TSH ¥ 0.004 1 -0.040 -0.120° -0.055 0.035
p 0.908 0.210 0.001 0.079 0.272
T3 ¥ -0.382° -0.040 1 0.144% 0.308*° 0.058
p 0.001 0.210 0.001 0.001 0.067
T4 ¥ -0.014 -0.120° 0.144° 1 0.119° 0.105°
p 0.661 0.001 0.001 0.001 0.001
Albumin ¥ -0.367° -0.055 0.308* 0.119% 1 0.473%
p 0.001 0.079 0.001 0.001 0.001
Total Protein r -0.193%° 0.035 0.058 0.105% 0.473° 1
p 0.001 0.272 0.067 0.001 0.001

 p<0.001.

DISCUSSION AND CONCLUSION

It is well-known that COVID-19 primarily affects
the lungs.® However, ongoing research is exploring
how the virus impacts other medical conditions, inc-
luding thyroid function. Thyroid hormones possess a
highly vital role in regulating essential bodily functi-
ons such as growth, development, metabolism, and
energy supply.” Therefore, routine checks for TSH,
fT3, and fT4 levels are essential when assessing
thyroid gland function. Additionally, albumin and
total protein measurements should be considered
when studying thyroid hormones. This research sug-
gests that these measurements are necessary to eva-
luate thyroid function accurately.

COVID-19 can cause transient or permanent chan-
ges in thyroid function, and non-thyroidal illness

syndrome has been frequently reported. After the
acute infection period, some patients have suffered
subacute thyroiditis and thyroid hormone imbalan-
ces, which in turn cause long-term complications.
Immune system responses and ongoing inflamma-
tion are blamed for such complications.*

A study of 146 COVID-19 patients in the intensive
care unit with normal thyroid levels found that thy-
roid hormone levels decreased slightly in those who
recovered, but the decrease was more significant in
those who died.'"® The study suggested that a severe
decrease in thyroid hormones could serve as a prog-
nostic parameter for COVID-19 patients. However,
other studies indicate that hypothyroidism is obser-
ved in COVID-19 patients in later stages. In cont-
rast, our findings suggest that hormone levels tend to
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increase during the acute phase of COVID-19, pos-
sibly due to systemic and metabolic processes. We
believe this represents a temporary period of thyro-
toxicosis. If the patient does not respond to treat-
ment and progresses to a severe stage, thyroid tissue
damage may occur, leading to a noteworthy decline
in hormone levels. In another study involving 48
SARS patients, significant decreases in serum T3,
T4, and TSH levels were observed. Specifically,
serum T3 and T4 levels decreased by 94% and 46%,
respectively. During recovery, T3 and T4 levels we-
re 90% and 38%, respectively. The decrease in T3
levels was particularly correlated with disease seve-
rity.11,12

A retrospective analysis of 274 COVID-19 patients
in intermediate and critical conditions found that
113 patients died, while 161 recovered. T3 serum
levels were significantly lower in those who died
compared to those who recovered (0.7 mIU/mL vs.
2.8 pmol/L, respectively). However, the difference
in T4 levels between the two groups (15.8 pmol/L
for those who died and 18.3 pmol/L for those who
recovered) was not significant."”> Another retrospec-
tive study of hospitalized SARS-CoV-2-infected
patients with previously unknown thyroid diseases
found that 56% (28/50) of patients had significantly
lower TSH levels.' Additionally, serum T3, T4, and
TSH levels in SARS patients were considerably
lower compared to controls during both the progres-
sion and recovery periods of the disease.'” However,
in COVID-19 patients, T4 and T3 levels increase
while TSH levels decrease.'® Our study found that
COVID-19 patients had low TSH levels, while fT3
and fT4 levels were elevated.

Studies have shown that low serum albumin levels
are associated with poor prognosis in COVID-19
patients and are among the specific biomarkers of
severe infection.'” Low serum albumin levels were
also observed in COVID-19 patients in another
study.'® Serum albumin levels are among the test
parameters examined in COVID-19 studies. Our
study, along with others, revealed that albumin le-
vels are low in COVID-19 patients. For example, a
study on the C-reactive protein to albumin ratio in
severe COVID-19 patients suggested that this ratio
could be an essential biomarker for risk stratification
and clinical follow-up."” These findings support the
idea that albumin levels are low in COVID-19 pati-
ents.

In conclusion, there is a significant increase in thy-
roid function tests in patients who are admitted to
outpatient clinics with suspected COVID-19 and test
positive on PCR. This increase may be due to a sud-
den metabolic response, but more detailed studies
are needed to uncover the underlying pathophysiolo-
gical mechanisms. The findings of this study were
derived from data collected exclusively from pati-
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ents at a single hospital. More significant and comp-
rehensive conclusions could be achieved through a
meta-analysis that synthesizes data from this and
similar studies.
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ABSTRACT

Objective: This study aims to establish the incidence of
non-thyroidal illness syndrome (NTIS) in newborns and
investigate its potential impact on neonatal outcomes.
Additionally, by identifying the risk factors associated
with the development of NTIS, this study aims to deepen
the understanding of the condition.

Materials and Methods: A total of 337 patients in the
neonatal intensive care unit were studied retrospectively.
Data on demographic and clinical characteristics, includ-
ing gestational age, birth weight, head circumference,
height, Apgar score, SNAPPE score, presence of congeni-
tal anomalies, mode of delivery, respiratory support, and
duration of hospitalization, were collected. All patients
underwent measurement of TSH and free T4 levels.
Results: The study found that 4.5% of patients were diag-
nosed with NTIS. Patients with NTIS had higher rates of
preterm delivery. NTIS patients exhibited lower gestation-
al age, birth weight, head circumference, height, and Ap-
gar scores than non-NTIS patients. NTIS patients had
significantly more extended hospital stays, but no differ-
ences in mechanical ventilation duration or SNAPPE
scores were obtained.

Conclusions: This study indicates that thyroid dysfunc-
tion can occur in critically ill newborns, highlighting the
necessity of evaluating thyroid function in this demo-
graphic.

Keywords: Euthyroid sick syndrome, neonatal intensive
care unit, non-thyroidal illness syndrome, thyroid function
tests, thyroid screening
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Amag: Bu caligmanin amaci yenidoganlarda tiroid dist
hastalik sendromunun (TDHS) yaygmligini belirlemek ve
yenidogan sonuglari iizerindeki potansiyel etkilerini
arastirmaktir. Ayrica, TDHS gelisimi ile iligkili risk fak-
torlerini belirleyerek, sendromun daha iyi anlagilmasina
katkida bulunmak amag¢lanmaktadir.

Materyal ve Metot: Yenidogan yogun bakim iinitesinde
yatan 337 hastanin verileri retrospektif olarak toplandi.
Gebelik yasi, dogum agirhigi, Apgar skoru, SNAPPE
skoru, dogum sekli, konjenital anomaliler, solunum
destegi ve hastanede yatis siiresi gibi demografik ve klinik
veriler toplanmistir. Tiim hastalarda tiroid uyaric1 hormon
(TSH) ve serbest tiroksin (sT4) diizeyleri 6l¢iilmiistiir.
Bulgular: Calismaya alinan hastalarin %4,5’inde TDHS
saptanmigtir. TDHS tanist alan hastalar, daha diisiik gebe-
lik haftasi, dogum agirligi, bas cevresi, boy, ve Apgar
skorlarina sahipti. TDHS hastalarinin hastane yatis siireleri
anlamli sekilde daha uzun bulunmus, ancak mekanik ven-
tilasyon siiresi ve SNAPPE skorlarinda fark gozlen-
memigtir.

Sonu¢: Bu caligma, kritik hastalik geciren yenidoganlarda
tiroid fonksiyon bozukluklarmin goriilebilecegini ve bu
grubun tiroid fonksiyonlarinin degerlendirilmesinin 6nem-
li oldugunu gostermektedir.

Anahtar Kelimeler: Tiroid dis1 hastalik sendromu, tiroid
fonksiyon testleri, tiroid taramasi, tiroid hasta sendromu,
yenidogan yogun bakim iinitesi
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INTRODUCTION

Thyroid hormones play a vital role in brain develop-
ment throughout the postpartum period. After birth,
serum levels of thyroxine (T4) and triiodothyronine
(T3) rise significantly, supporting the somatic
growth and maturation of the newborn. Low thyroid
hormone levels during early life can negatively af-
fect growth and development, potentially resulting
in irreversible cognitive impairment due to brain
injury.'?

Endocrine disorders caused by underlying diseases,
stress, or medications are frequently observed in
critically ill patients.® Particularly in premature in-
fants, the immaturity of the thyroid axis, maternal
and fetal medications, and prematurity-related mor-
bidities all increase the likelihood of abnormalities
in thyroid function tests (TFT).*

Altered thyroid hormone phenomenon, known as
non-thyroidal illness syndrome (NTIS), refers to a
distinct pattern of hormonal changes in the pituitary
—thyroid axis in patients without primary thyroid
disease.>® There is ongoing debate about whether
this hormonal alteration represents an adaptive pro-
tective response or a maladaptive process that may
warrant therapeutic intervention.”®

Several studies have reported associations between
TFT abnormalities and the development of severe
illness and poor clinical outcomes.’ Therefore, early
screening for thyroid dysfunction and appropriate
clinical evaluation are essential in neonates admitted
to neonatal intensive care units (NICU).

The goal of this study is to establish the prevalence
of NTIS in newborns and to investigate its potential
impact on neonatal outcomes. In addition, by identi-
fying risk factors that are linked to the onset of
NTIS, this study seeks to improve the understanding
of the disorder.

MATERIALS AND METHODS

Ethics Committee Approval: The study was per-
formed in compliance with the Declaration of Hel-
sinki. The study methodology was approved by the
Ethics Committee of Bakirkoy Sadi Konuk Training
and Research Hospital (Date: 29.05.2017, decision
no: 2017-04-22), and all anonymized data linked to
the study are accessible upon reasonable request.
The study enrolled 337 patients aged 0 to 1 month at
Bakirkoy Sadi Konuk Training and Research Hospi-
tal NICU. Clinical and demographic data were retro-
spectively acquired from the hospital's computerized
information management system and patient records.
Gestational weeks, birth weights, diagnoses, Apgar
score'’, Score for Neonatal Acute Physiology with
Perinatal Extension (SNAPPE),'! genders, mode of
delivery, presence of congenital anomalies, the re-
quirement of respiratory support, inotropic agents or
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phototherapy, duration of hospitalization, the re-
quirement for inotropes or transfusions prior to eval-
uation and outcomes was recorded. The SNAPPE
score is a scale calculated within the first 24 hours
using physiological and perinatal data to predict the
risk of mortality in neonates.'' The incidence of
postpartum surgical procedures and the mother's
chronic illness were also noted. Thyroid-stimulating
hormone (TSH) and free thyroxine (fT4) values
were obtained for all hospitalized patients. Patients
were classified into three groups according to the
timing of thyroid function tests: 0-7 days, 8-15 days,
and 16-30 days. The diagnosis of NTIS was made
when patients with abnormal thyroid function test
values showed improvement in control values. Con-
trol values were obtained after 15 days for all pa-
tients. The control TFT values for 21 deceased pa-
tients could not be collected due to their poor clini-
cal status, resulting in their exclusion from the re-
search.

The last menstrual period (LMP) reported by the
mother or the modified Ballard score was used to
ascertain the gestational age of all preterm neo-
nates.'> Infants below 37 weeks of gestation were
classified as premature, while those at 42 weeks or
above were considered post-term. The evaluation of
growth was conducted by employing Lubchenko's
growth curves, and infants with height, weight, and
head circumference values below the 10th percentile
for their respective gestational ages were categorized
as small for gestational age (SGA). In contrast, new-
borns with measurements exceeding the 90th per-
centile were categorized as large for gestational age
(LGA) relative to their gestational age.

The analysis of hormone levels for free triiodothyro-
nine (fT3), fT4, and TSH was conducted using the
electrochemiluminescence immunoassay (ECLIA)
method from patient serum, with a Roche Elecsys
E170 device employed for this purpose. The refer-
ence range of thyroid tests was 0.43-16.1 mIU/L and
0.83-3.09 ng/dL for TSH and T4, respectively.
Statistical Analysis: The data collected in this re-
search were analyzed utilizing the SPSS 20.0 soft-
ware program for Windows. Continuous variables
adhering to a normal distribution were represented
as meantstandard deviation, whilst non-normally
distributed data were conveyed as median (minimum
-maximum) values. The distribution's normality was
assessed by using histograms and the Kolmogorov-
Smirnov test. Categorical variables were represented
as counts (percentages). The importance of the dis-
parities between the two group means in independ-
ent samples was evaluated utilizing the Mann-
Whitney U test for non-normally distributed data
and the Student's t-test for regularly distributed data.
In instances of repeated measurements, the Wilcox-
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on test was utilized for non-normally distributed
data in pair-wise group comparisons, and the Fried-
man test was utilized for multiple groups exceeding
two. Results were deemed statistically significant if
their p-values were below 0.05.

RESULTS

The study recruited a total of 337 patients. Of these,
60.2% (n=203) were male. Cesarean section was
conducted in 59.3% (n=200) of these cases. Among
the patients, 86.3% were classified as appropriate for
gestational age (AGA), 6,2% as SGA, and 7,7% as
LGA. Furthermore, 43% (n=145) of the patients
were preterm, while 56.9 % (n=192) were term in-
fants. The median birth weight was 2880 grams (690
-4670 g), and the median length of hospitalization
was 9 days (1-273). The average SNAPPE score was
found to be 15 (1-59), and the median length of me-
chanical ventilation was determined to be 5 (1-76)
days (Table 1).

Out of the fifteen patients (4.5%) diagnosed with
NTIS, all of them were AGA. When the relationship
between NTIS and prematurity was examined, the
prevalence of NTIS was found to be 1.6% in term
infants and 8.3% in preterm infants. NTIS was sig-

Table 1. Clinical features of patients.
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nificantly more common in preterm infants com-
pared to term infants (p = 0.007). This finding sug-
gests that prematurity may be associated with an
increased risk of developing NTIS (Table 2).

The study's findings indicated that patients diag-
nosed with NTIS exhibited lower gestational week,
head circumference, birth weight, and height
(p<0.001, p<0.001, p<0.001, p<0.001 consecutive-
ly). In NTIS patients, A lower Apgar score was ob-
served at 1 and 5 minutes (p=0.005, p=0.007). Fur-
thermore, patients with NTIS had considerably long-
er hospital stays and needed oxygen support, as
demonstrated in Table 2 (p=0.001, p=0.001). The
two groups did not demonstrate any substantial dis-
parities in terms of lactate levels, SNAPPE scores,
or the duration of mechanical ventilation. NTIS was
more prevalent in patients diagnosed with sepsis (p
= 0.033). Gender, mode of delivery, presence of
chronic maternal disease, and frequency of postpar-
tum surgical procedures were similar between
groups. Patients with and without NTIS exhibited
similar features regarding the presence of congenital
anomalies, transfusion prior to the evaluation, use of
inotropic agents, and requirement of phototherapy
(Table 3).

Gender, male, n (%) 203 (60.2)
Birth weight (gr), median (min-max) 2880 (690-4670)
Birth height (¢cm), median (min-max) 48 (26-56)
Birth head circumference (cm), median (min-max) 34 (20-39)
Gestation Week, median (min-max) 37 (21-42)
Cesarean section n, (%) 200 (59.3)
Prematurity (<36 gestational week), n (%) 145 (43.0)
AGA 290 (86.0)
Birth weight for gestational age, n (%) SGA 26 (7.71)
LGA 21(6.23)
Apgar at 1 minute, median (min-max) 8 (0-9)
Apgar at 5 minutes, median (min-max) 9 (1-10)
SNAPPE score, median (min-max) 15 (1-59)
Duration of mechanical ventilation (day), median (min-max) 5(1-76)
Length of hospitalization at NICU (day), median (min-max) 9 (1-273)

AGA: Appropriate for gestational age; SGA: Small for Gestational Age; LGA: Large for Gestational Age;
SNAPPE score: Score for neonatal acute physiology with perinatal extension; NICU: Neonatal intensive care

unit

Table 2. Association between gestational age and the presence of non-thyroidal illness syndrome.

No NTIS NTIS p
Gestational week, n =36 133 O1L.7) 12.(8.3) 0.007
(%) >36 189 (98.4) 3(1.6)

NTIS: Non-thyroidal illness syndrome.
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Table 3. Clinical features of patients with and without non-thyroidal illness syndrome.

Clinical features No NTIS NTIS P
Gestation week, median (min-max) 37 (23-42) 28 (25-38) 0.001
Birth weight (gr), median (min-max) 2900 (690-4670) 1080 (750-3520) 0.001
Birth height (¢cm), median (min-max) 48 (25-56) 36 (32.5-50) 0.001
Birth head circumference (cm), median (min-max) 34 (20-39) 27 (24-35) 0.001
Gender, Female 131 (%97.8) 3 (%2.2)
n (%) 0.110
Male 191 (%94.1) 12 (%5.9)
Mode of delivery, NVD 132 (%96.4) 5 (%3.6)
n (%) 0.555
C/S 190 (%95.0) 10 (%5.0)
Apgar at 1 minute, median (min-max) 8 (0-9) 5(1-9) 0.005
Apgar at 5 minute, median (min-max) 9 (3-10) 8 (2-10) 0.007
SNAPPE score, median (min-max) 14.5 (1-59) 18 (12-32) 0.561
Duration of mechanical ventilation (day), median (min-max) 5(1-76) 11 (1-48) 0.235
Requirement of supplemental oxygen (L/Min), median (min-max) 3 (1-19) 16 (2-24) 0.001
Length of hospitalization at NICU (day), median (min-max) 10 (2-273) 62 (2-136) 0.001
Lactic acid on admission (mmol/L), median (min-max) 1(0.9-6.1) 1(0.9-1.7) 0.255
Requirement of inotropic agents, n (%) 16 (88.9) 2 (11.1) 0.123
Presence of congenital anomaly, n (%) 19 (100) 0 0.411
Requirement of transfusion prior to evaluation, n (%) 16 (88.9) 2 (11.1) 0.188
Requirement of phototherapy, n (%) 77 (92.8) 6(7.2) 0.167
Requirement of postpartum surgical procedure, n (%) 13 (86.7) 2 (13.3) 0.139
Presence of sepsis 14 (82.4) 3(17.6) 0.033

NTIS: Non-thyroidal illness syndrome; NVD: Normal vaginal delivery; C/S: Cesarean section; SNAPPE score: Score for neonatal acute
physiology with perinatal extension; NICU: Neonatal intensive care unit

During the first week of life, both fT4 and TSH lev-  cally significant differences were observed between
els were significantly lower in preterm infants com-  the two groups in fT4 and TSH levels during the 8—
pared to term infants (p = 0.024 and p = 0.016, re- 15 and 16-30 day intervals (p >0.05 for all compari-
spectively). This suggests that thyroid hormone sup-  sons), indicating that the divergence in thyroid func-
pression is more prominent in preterm neonates dur-  tion is most marked during the first week after birth
ing the early neonatal period. However, no statisti-  (Table 4).

Table 4. Comparison of thyroid function test values between preterm and term infants by sampling day.

Parameters Prematurity Term
(<36 gestational weeks  (>36gestational weeks) P

0-7 days, median 1+ (ng/dL) 1.295 (0.64-2.08) 1.38 (0.46-2.74) 0.024
(min-max) TSH (uIU/mL) 3.425 (0.65-45.28) 4.545 (0.22-38.34) 0.016
8-15 days, median 1+ (n&/dL) 1295 (0.3-2.07) 137 (0.77-9.0) 0.071
(min-max) TSH (uIU/mL) 3.190 (0.64-19.69) 3.35(0.55-68.11) 0.954
1630 days, medi- T4 (ng/dL) 1.154 (0.62-2.07) 119 (0.77-1.66) 0.768
(min-max) TSH (uIU/mL) 3.46 (0.91-22.97) 3.51 (0.73-22.5) 0.948

fT4: free thyroxine; TSH: Thyroid-stimulating hormone.
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Thyroid function test results of all patients included
in the study are presented in Table 5 according to the
timing of sample collection (days 0-7, 815, and 16
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—-30). For each time interval, median values and cor-
responding minimum—maximum ranges of fT4 and
TSH levels are reported (Table 5).

Table 5. Thyroid function test values by sampling time in all patients.

Parameters Median (min-max)
0-7 days, median (min-max) fT4 (ng/dL) 1.34 (0.46-2.74)
TSH (uIU/mL) 3.87 (0.22-45.28)
8-15 days, median (min-max) fT4 (ng/dL) 1.33 (0.3-9)
TSH (uIU/mL) 3.32 (0.55-68.11)
16-30 days, median (min-max) fT4 (ng/dL) 1.19 (0.62-2.07)
TSH (uIU/mL) 3.46 (0.73-22.97)

fT4: free thyroxine; TSH: Thyroid-stimulating hormon

DISCUSSION AND CONCLUSION

TFTs are significant biomarkers linked to disease
severity and therapy efficacy in both adult and pedi-
atric populations. Studies indicate that thyroid hor-
mone levels serve as a predictive marker for certain
serious disorders. Specifically, alterations in TSH,
fT4, and fT3 concentrations may be important for
forecasting disease advancement and therapeutic
response.' A study by Goldsmith et al. found that
lower T3 and T4 levels in sick term newborns were
linked to prolonged mechanical ventilation, elevated
lactate levels, and higher SNAPPE scores. The
study also demonstrated that the group with com-
bined low T3, T4, and TSH levels had the highest
fatality rate, highlighting that impaired thyroid func-
tion may significantly influence prognosis and out-
comes in sick neonates.” Hammati et al.'s study re-
vealed a significant decrease in fT3 levels during
critical illness, although no notable changes were
observed in fT4 and TSH levels. This study found
no significant link among the length of mechanical
ventilation, the existence of congenital heart disease
(CHD), and the levels of fT3 and fT4.'"> Another
study found that fT4 levels were not associated with
mortality but were correlated with a prolonged hos-
pital stay. Additionally, male gender, vaginal deliv-
ery, hypoxic-ischemic encephalopathy, and the need
for mechanical ventilation exceeding 24 hours were
recognized as risk factors.'® Collectively, these stud-
ies underscore the importance of evaluating thyroid
function in sick-term newborns, as abnormalities in
thyroid hormone levels correlate with negative clini-
cal outcomes, prolonged hospital stays, increased
need for interventions, and elevated mortality rates.
The present study reinforces these observations by
showing that NTIS was associated with significantly
lower Apgar scores, birth weight, and gestational
age, along with increased oxygen demand and long-
er hospitalization.

Hypothyroxinemia is prevalent among preterm new-
borns.''® The significance of thyroid hormones in

brain development is well-documented. Nonetheless,
the consequences of hypothyroxinemia in preterm
infants are not fully understood. There is ongoing
discourse surrounding the necessity of levothyroxine
treatment for premature infants with hypothyrox-
inemia.'”?® A study specifically investigating hypo-
thyroxinemia in premature infants concluded that
14.5% of preterm births exhibited hypothyrox-
inemia. Additionally, 92% of these cases were ob-
served in preterm infants born prior to 32 weeks of
gestation and weighing under 1500 grams. Conse-
quently, the recommendation was made for the im-
plementation of early screening for hypothyrox-
inemia in this specific group of preterm infants.”!
According to the Yoon et al. study, transient hypo-
thyroxinemia in newborns with extremely low birth
weight is linked to higher composite morbidities and
mortality. Furthermore, the initially measured T4
level was identified as a more effective predictor of
outcomes in these patients.”> In accordance with
extant literature, the present study disclosed that
80% of patients with the condition were preterm
infants. Furthermore, patients diagnosed with NTIS
exhibited a lower gestational age and reduced birth
weight, which were statistically significant.

Perinatal asphyxia has been shown to impair cellular
function across multiple organs, leading to reduced
oxidative phosphorylation and ATP production.
Hence, it is essential to acknowledge the critical
influence of prenatal hypoxia on thyroid function.*
Thyroid dysfunction has been observed in asphyxic
neonates in previous studies. A study investigating
the effects of birth asphyxia on thyroid hormones
demonstrated a notable decline in TSH levels post-
asphyxia, with the magnitude of the reduction corre-
sponding with the severity of asphyxia.’* A separate
investigation revealed a decline in TFT levels in
asphyxiated newborns at 18 and 24 hours after
birth.”® Our investigation revealed that the Apgar
score of NTIS patients was significantly lower com-
pared to those without NTIS. In our opinion, thyroid
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hormone levels should be closely monitored in as-
phyxia patients.

The incidence of NTIS is increased in sepsis. The
study by El-Nawawy et al. underscores the high
prevalence of NTIS among pediatric patients with
shock and illustrates the relationship between thy-
roid hormone dysfunction and disease severity.*®
Likewise, research conducted by Xu et al. indicates
a significant frequency of NTIS in pediatric patients
with sepsis. This study observed a negative correla-
tion between interleukin-6 (IL-6) levels and T3 and
T4 levels, highlighting the impact of inflammatory
cytokines on thyroid hormone regulation.”” Con-
sistent with the previous literature, our investigation
also identified a greater prevalence of sepsis in pa-
tients with NTIS. Taken together, these findings
suggest that NTIS is not only a biochemical phe-
nomenon but also a potential indicator of systemic
disease severity in neonates. This reinforces the
need to assess thyroid function not solely as routine
screening, but as an integrated part of neonatal criti-
cal care evaluation.

The study's limitations can be attributed to two fac-
tors: firstly, the small number of patients included,
and secondly, the retrospective natures of the re-
search design. The inability to assess fT3 levels in
certain NTIS patients, along with the exclusion of
those who died before a thyroid evaluation could be
performed, represents additional limitations of the
study. These variables may have led to the un-
derrepresentation of NTIS cases and limited the ex-
amination of the correlation between NTIS and mor-
tality.

In conclusion, our study highlights the importance
of timely and comprehensive thyroid function evalu-
ation in neonates, particularly those who are preterm
or critically ill. Identifying and understanding the
early hormonal patterns associated with NTIS may
contribute to improved risk stratification and clinical
outcomes. Further prospective studies are warranted
to clarify whether thyroid hormone abnormalities in
this population are simply markers of illness severi-
ty or modifiable therapeutic targets.
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ABSTRACT

Objective: Retinopathy of Prematurity (ROP) presents a
significant challenge for neonatal intensive care units
(NICUs). Therefore, the study aims to investigate the
impact of neonatal pain on the systemic and procedural
side effects of ROP examinations and mydriatic drops,
with the aim of enhancing screening safety.

Materials And Methods: This study, designed as a pro-
spective descriptive investigation, included 70 preterm
infants admitted to the NICU between August and No-
vember 2012. Patients were monitored during the exami-
nation and for 48 hours afterwards, focusing on vital signs
and any side effects. The Neonatal Infant Pain Scale was
applied to all patients. Statistical analysis was conducted
using SPSS version 15.

Results: Adverse effects were absent in 41.4% of the
infants. Flushing was observed in 22.9%, gastric residuals
were noted in 10%, vomiting occurred in 8.6%, and a
combination of flushing, apnea, and gastric residuals was
seen in 2.9% of the infants. The pain group exhibited tem-
porary increases in heart rate and body temperature, most
notably within the first hour after the examination. There
were no significant relationships between pain and blood
pressure, oxygen saturation levels, or respiratory rates
(p>0.05).

Conclusions: A comprehensive understanding of the ad-
verse effects associated with mydriatic drops and the ex-
amination procedure is essential. During ROP screenings,
infants should be closely monitored in standardized clini-
cal settings, appropriate pain management strategies
should be implemented, and caregivers must receive thor-
ough education upon discharge.

Keywords: Mydriatic drops, neonatal intensive care units,
neonatal pain, preterm infants, retinopathy of prematurity

(0Y7

Amag: Prematiire retinopatisi (ROP), yenidogan yogun
bakim {initeleri (YYBU) i¢in 6nemli bir klinik sorundur.
Bu calismada, ROP taramalari sirasinda uygulanan midri-
yatik damlalarin ve yenidoganda olusan agrinin, sistemik
ve islemle iligkili bulgular iizerindeki etkileri deger-
lendirilmig; bdylece tarama giivenliginin artirilmasi
hedeflenmistir.

Materyal ve Metot: Prospektif tanimlayici nitelikteki bu
galismaya, Agustos—Kasim 2012 tarihleri arasinda
YYBU’ye yatirilan 70 prematiire bebek dahil edildi. Tim
hastalar, ROP muayenesi sirasinda ve sonrasindaki 48 saat
boyunca, yagamsal bulgular ve gelisebilecek yan etkiler
agisindan takip edildi. Agri degerlendirmesi igin tim be-
beklere Yenidogan Bebek Agr1 Olgegi (NIPS) uygulandi.
Istatistiksel — analizler ~SPSS  15.0 programi ile
gerceklestirildi.

Bulgular: Bebeklerin %41,4’linde herhangi bir yan etki
gozlenmedi. %22,9’unda ciltte kizariklik, %10’unda mide
icerigi artisi, %8,6’sinda kusma ve %2,9’unda ciltte
kizariklik, apne ve mide igerigi artisinin birlikte gorildiigi
belirlendi. Agr1 hisseden grupta, ozellikle muayeneden
sonraki ilk saatte kalp hizi ve viicut sicakliginda gegici
artig izlendi. Agn ile kan basinci, oksijen satlirasyonu ve
solunum hizi arasinda anlamli bir iligki saptanmadi
(p>0,05).

Sonug¢: ROP taramalart sirasinda uygulanan midriyatik
damlalar ve muayene islemiyle iliskili olumsuz etkilerin
iyi anlasilmasi bilyiik 6nem tasimaktadir. Bu siiregte be-
beklerin standart klinik kosullarda yakindan izlenmesi,
etkili agr1 yonetimi saglanmasi ve taburculuk oncesinde
bakim veren kisilere yeterli egitim verilmesi gereklidir.
Anahtar Kelimeler: Midriyatik damlalar, prematiire be-
bekler, prematiire retinopatisi, yenidogan agrisi, yenidogan
yogun bakim tiniteleri

Sorumlu Yazar / Corresponding Author:
Gulay Bilgin

Yayin Bilgisi / Article Info:
Gonderi Tarihi/ Received: 07/02/2025

Department of Pediatrics, Division of Pediatric Pulmonology, Kabul Tarihi/ Accepted: 12/04/2025
Eskisehir City Hospital, 71 Evler, Cevreyolu, 26080, Odunpazari/ Online Yayin Tarihi/ Published: 30/06/2025

Eskisehir, Tiirkiye
Tel.: +905432280879
E-mail: gulaybas1010@yahoo.com

Atif / Cited: Bilgin G and et al. Impact of Mydriatic Drops and Pain on Systemic Responses During Retinopathy of Prematurity Screen-
ing. Online Tiirk Saghk Bilimleri Dergisi 2025;10(2):131-138. doi: 10.26453/0tjhs.1635603



mailto:gulaybas1010@yahoo.com

Arastirma Makalesi (Research Article)

INTRODUCTION

Retinopathy of Prematurity (ROP) poses a major
concern in neonatal intensive care units (NICU) due
to its potential to cause severe visual impairment or
even permanent blindness if not detected and man-
aged in time.! Despite the serious implications of
this condition, appropriate screening and timely
treatment can effectively prevent its progression.
The initial screening for ROP typically begins be-
tween four to six weeks after birth, offering a critical
window for early intervention.

To facilitate the examination, pupil dilation is
achieved using topical phenylephrine 2.5% and trop-
icamide 1%. While these drops are essential for en-
suring a thorough evaluation, they pose potential
risks. Documented side effects include tachycardia,
bradycardia, apnea, hypertension, oxygen desatura-
tion, cyanosis, vomiting, and increased gastric resid-
ual volumes.>* However, despite several studies in
the literature, it is still uncertain whether these ef-
fects stem from the systemic action of the mydriatic
drops or the stress and discomfort associated with
the examination itself.**

Neonates, especially preterm infants, have an imma-
ture nervous system, which affects their pain percep-
tion and response to external stimuli.”® Studies sug-
gest that ROP examination is a potentially painful
procedure, and despite the use of local anesthetics,
neonates exhibit physiological responses indicating
pain and discomfort.*’ In particular, pain-related
stress may contribute to systemic changes (e.g., in-
stability in heart rate, blood pressure, and oxygen
saturation levels), all of which have also been docu-
mented as potential side effects of mydriatic
drops.”®1°

This investigation aims to explore the systemic and
procedural side effects associated with ROP exami-
nations and the mydriatic drops used, with an em-
phasis on how neonatal pain influences these out-
comes.

MATERIALS AND METHODS

This study was approved by the Ethics Committee of
Umraniye Training and Research Hospital. (Date:
16.08.2012, decision no:2012-4). It was carried out
in accordance with the Helsinki Declaration. Written
informed consent was collected from the parents of
babies.

Study Design and Setting: This prospective descrip-
tive study was conducted between August 2012 and
December 2012 at Umraniye Training and Research
Hospital, involving 70 preterm infants who were
monitored during follow-up in the clinic.

Inclusion and Exclusion Criteria: The study in-
volved preterm infants born before 31 weeks or
weighing under 1500 g at birth. Additionally, infants
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between 1500-2000 g with a gestational age above
31 weeks were included if they required respiratory
or circulatory support.” Gestational age was deter-
mined using the modified Ballard score. Exclusion
criteria included major congenital heart anomalies,
sepsis, and dependence on mechanical ventilation.
Ophthalmologic Examination Procedure: ROP
screening began at 4 to 6 weeks postnatally. Pupil
dilation was induced by administering one drop of
phenylephrine 2.5% and tropicamide 1% three times
at 5-minute intervals. Pressure was applied to the
lacrimal ducts during administration. Topical anes-
thesia was provided with proparacaine hydrochloride
0.5%. Examinations were performed using a binocu-
lar indirect ophthalmoscope with 20- and 28-diopter
lenses. Following the use of a neonatal lid speculum,
the anterior segment and fundus were examined.
Findings were documented based on the Internation-
al Classification of Retinopathy of Prematurity
(ICROP) criteria."' A single retinal specialist per-
formed all evaluations. Follow-ups occurred every 2
—4 weeks for infants without ROP and 1-2 weeks
for stage 1-2 ROP.

Monitoring of Vital Signs and Side Effects: Vital
signs, including temperature, blood pressure (BP),
respiratory rate, oxygen saturation (sPO,), and heart
rate (HR), assessed at baseline, 1-, 24-, and 48-hours
post-examination. In addition to vital signs, side
effects (flushing, restlessness, gastric residuals,
vomiting, apnea, and abdominal distension) were
documented. Pain was assessed immediately after
the examination with the Neonatal Infant Pain Scale
(NIPS).”'"!2 These scales evaluate behavioral and
physiological indicators of pain (facial expression,
crying, breathing pattern, limb movement, and auto-
nomic responses). The NIPS score ranges from 0 to
7, with scores above 3 indicating the presence of
pain.

Statistical Analysis: Data analysis was performed
using SPSS (Statistical Package for Social Sciences
for Windows) 15.0. The Kolmogorov-Smirnov test
assessed normality. Descriptive statistics were pre-
sented as means, standard deviations, and frequen-
cies. Student’s t-test compared two independent
groups, while paired-sample t-tests evaluated chang-
es over time. Chi-square tests assessed categorical
variables. A p-value <0.05 was considered signifi-
cant.

RESULTS

Table 1 presents the demographic and baseline clini-
cal characteristics of the study population. A total of
70 preterm infants were included, with 41 (58.6%)
being male and 29 (41.4%) females. The mean ges-
tational age was 31.44+2.64 weeks (range:24-34
weeks), and the mean age was 39.77+12.39 days
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(range:27-75 days). The mean birth weight was
1851.76+£512.88 g (range: 660-2720 g), and the
mean current weight at the time of examination was
2357.10+£708.87 g (range: 940—4500 g). The number
of ROP examinations ranged from one or more, with
38 infants (54.3%) undergoing a single examination
and 32 infants (45.7%) undergoing multiple exami-
nations. The mean NIPS score one hour after the
examination was 3.47+1.15 (range:2-6), with a me-
dian score of 4 (Table 1).

Table 2 illustrates the distribution of pain and ad-
verse effects in the study population. Pain was pre-
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sent in 52.9% (n=37) of infants, while 47.1% (n=33)
had no pain. Adverse effects included flushing
(23.5%), gastric residuals (10.3%), restlessness
(8.8%), vomiting (3.0%), and apnea (1.4%). Addi-
tionally, 42.5% of infants had no adverse effects.
Some infants exhibited multiple adverse effects,
with 2.9% experiencing a combination of flushing,
apnea, and gastric residuals, 2.9% having both flush-
ing and residuals, 2.9% showing flushing and apnea,
2.9% presenting gastric residuals and vomiting, and
2.9% having flushing with restlessness (Table 2).

Table 1. Demographic data and baseline clinical characteristics of the patients.

B Min-Max Mean=SD (%)
Age (day) 27-75 39.77+12.39
Gestational age (week) 24-34 31.44+2.64
The number of examinations 1-5 1.70+0.95
Birth weight (g) 660-2720 1851.76+512.88
Current weight (g) 940-4500 2357.10+708.87
NIPS score (number) 2-6 3.47+1.15
n (%)
Gender Male 41 (58.6)
Female 29 (41.4)
The number of examinations 1 time 38 (54.3)
>2 times 32 (45.7)
NIPS: Neonatal Infant Pain Scale
Table 2. NIPS and adverse effects distribution.
Category n (%)
NIPS Pain (+) 37 (52.9)
Pain (-) 33 (47.1)
Adverse Effects No adverse effects 29 (41.4)
Flushing 16 (22.9)
Gastric Residuals 7 (10.0)
Restlessness 1(1.4)
Vomiting 6 (8.6)
Apnea 1(1.4)
Flushing + Apnea + Residuals 2(2.9)
Flushing + Residuals 2(2.9)
Flushing + Apnea 2(2.9)
Residuals + Vomiting 2(2.9)
Flushing + Restlessness 2(2.9)

NIPS: Neonatal Infant Pain Scale

Baseline body temperature showed no significant
differences between infants undergoing single
(36.79+0.43°C) or multiple examinations
(36.90+0.59°C, p=0.369). In both groups, body tem-
perature increased significantly at the 1% hour post-

examination compared to baseline (single-
examination:37.21+0.70°C,  p=0.001;  multiple-
examinations:37.25+0.72°C, p=0.009); however,

levels reverted to baseline by the 24™ hour (single
examination:36.71+0.42; multiple examina-
tion:36.81+0.53, p=0.398 and p=0.514). At the 48"

hour, a meaningful decline was examined relative to
the baseline in both groups (single examina-
tion:36.59+0.12; multiple examination:36.56+0.14,
p=0.007 and p=0.004). Infants with pain exhibited
markedly elevated body temperatures at the 1%
(37.50+0.71°C versus 36.93+0.56°C, p=0.001) and
24™ hour (39.93£0.58°C versus 36.56+0.15°C,
p=0.001) than those without pain. No difference was
found at the 48™ hour (36.58+0.12 versus
36.57+0.14, p=0.861) (Table 3).
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Table 3. Body Temperature variations based on number of examinations and presence of pain.

Time Point Single Examination Multiple Examinations P
(Mean£SD) (Mean+SD)

ROP Pre-Examination 36.79+0.43 36.90+0.59 0.369

ROP Post 1* Hour 37.2140.70 37.25+0.72 0.827

ROP Post 24™ Hour 36.71+£0.42 36.81+0.53 0.372

ROP Post 48™ Hour 36.59+0.12 36.56+0.14 0.351

Comparison “*p (Single Examination) “*p (Multiple Examinations)

Pre vs Post 1* Hour 0.001** 0.009**

Pre vs Post 24" Hour 0.398 0.514

Pre vs Post 48" Hour 0.007* 0.004**

Time Point Pain Present (Mean £SD) Pain Absent (Mean £SD) p

ROP Post 1* Hour 37.50+0.71 36.93+0.56 0.001**

ROP Post 24™ Hour 39.93+0.58 36.56+0.15 0.001**

ROP Post 48™ Hour 36.58+0.12 36.57+0.14 0.861

ROP: Retinopathy of Prematurity; *: Student t-test; **: Paired sample t-test; **: p<0.01

The analysis of SAP showed no significant baseline
variation between the groups based on examination
numbers. Similarly, SAP at the first hour post-
examination did not  differ  significantly
(86.42+18.06 mmHg vs 85.59+11.72 mmHg,
p=0.825). However, at the 24™ hour, a significant
increase in SAP was noted in the multiple-
examinations group (81.06+8.05 mmHg vs.
76.05+£10.52 mmHg, p=0.031). There were no con-
stant differences at the 48™ hour (76.31+9.59 mmHg
vs. 78.25+£7.72 mmHg, p=0.362). Within-group
comparisons revealed that there was no meaningful
alteration at the 1* hour in the single-examination
group (p=0.470), but significant decreases were
evaluated at the 24" and 48™ hours (p=0.002). In the
multiple-examinations group, SAP showed a notable
rise at the first hour (p=0.018), while no notable
changes were determined at the 24™ (p=0.696) or
48" hours (p=0.267). Table 4 demonstrates the vari-
ations in SAP and HR following ROP examination
based on the number of examinations and the pres-
ence of the pain. SAP fluctuations appeared depend-
ent on examination frequency and time after the pro-
cedure. No significant differences were examined in
the mean SAP between infants with pain and the non
-pain group at the 1% hour (87.94+18.69
vs.83.91+10.42), 24" hour (77.94+10.89 vs.
78.78+8.41), and 48™ hour of post-examination
(76.43£9.25 vs.78.06+£8.28) (p=0.263, p=0.721,
p=0.443, respectively). HR showed a noticeable
increase in the multiple examination group com-
pared to the single examination group at baseline
(148.50+17.03 bpm vs. 138.92+16.20 bpm,
p=0.019) and at the 24" hour post-examination
(146.15+11.16 bpm vs. 134.97+£9.71 bpm, p=0.001).
Similarly, at the 48™ hour post-examination, HR
remained significantly elevated in the multiple-
examination group (137.12+13.66 bpm vs
130.18+11.65 bpm, p=0.025). However, no signifi-
cant difference was examined at the 1st-hour post-

examination (152.02+15.63 bpm vs 159.37+17.01
bpm, p=0.064). Within-group comparisons revealed
a meaningful increase in HR at the 1% hour post-
examination over baseline in both groups (p=0.001;
p=0.002, respectively). HR significantly decreased
at the 48™ hour relative to baseline in both groups
(p=0.002 for both). There were no important chang-
es at the 24™ hour post-examination in either group
(p=0.121; p=0.420, respectively). These findings
indicated that ROP examinations induced transient
changes in HR, with more pronounced effects in
infants who underwent multiple examinations. Table
4 also summarizes the HR variations with and with-
out pain at different time points of post-examination.
HR was substantially higher in infants with pain
instead of those without pain at 1% hour post-
examination (p=0.001), and no noticeable variations
in HR were determined between the groups at 24"-
or 48™hours post-examination (p=0.196; p=0.989,
respectively). Within-group comparisons revealed a
significant decrease in HR from 1% hour to 24"
hours post-examination and from 24™ hours to 48"
hours post-examination (p=0.001 for both). Thus,
pain during the ROP examination was associated
with transient elevations in HR, primarily evident
within the 1* hour post-examination (Table 4).

Table 5 presents the SpO: and respiratory rate
changes based on the number of examinations con-
ducted. SpO- levels showed no significant differ-
ences between infants who underwent single or mul-
tiple examinations at any time (p=0.444, p=0.127,
p=0.072, p=0.099, respectively). In the single-
examination group, SpO: significantly increased at
both the 24™ hour (p=0.002) and the 48" hour
(p=0.005) compared to baseline. In contrast, no sig-
nificant changes were observed in the multiple-
examinations group at these time points (p=0.248,
p=0.941, p=0.088, respectively). The respiratory rate
significantly increased at the 1* hour post-
examination (p=0.001) and approached baseline
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levels by the 48™ hour in the single-examination
group (p=0.210). In the multiple-examinations
group, there was a substantial increase in respiratory
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rate at the 1* hour (p=0.043), but no notable changes
at the other time points (p=0.630, p=0.539, respec-
tively) (Table 5).

Table 4. Systolic arterial pressure & heart rate variations based on number of examination and presence of

pain.

Systolic Arterial Pressure Single Examination Multiple Examinations p

(Mean+SD) (Mean=SD)

ROP Pre-Examination 84.13+19.57 80.31+£11.88 0.320
ROP Post 1" Hour 86.42+18.06 85.59+11.72 0.825
ROP Post 24" Hour 76.05£10.52 81.06+8.05 0.031°
ROP Post 48™ Hour 76.31+9.59 78.25+7.72 0.362
Comparison “*p (Single Examination)  *"p (Multiple Examinations)

Pre vs Post 1* Hour 0.470 .01

Pre vs Post 24" Hour 0.002™ 0.696

Pre vs Post 48" Hour 0.002" 0.267

Systolic Arterial Pressure Pain Present (Mean +SD) Pain Absent (Mean £SD) "

ROP Post 1* Hour 87.94+18.69 83.91+10.42 0.263
ROP Post 24™ Hour 77.94+10.89 78.78+8.41 0.721
ROP Post 48" Hour 76.43+9.25 78.06+8.28 0.443
Heart Rate Single Examination Multiple Examinations p

(Mean+SD) (MeanSD)

ROP Pre-Examination 138.92+16.20 148.50+17.03 0.019°
ROP Post 1* Hour 152.02+15.63 159.37+17.01 0.064
ROP Post 24" Hour 134.97+9.71 146.15+11.16 0.001"
ROP Post 48" Hour 130.18+11.65 137.12+13.66 0.025"
Comparison “p (Single Examination)  "'p (Multiple Examinations)

Pre vs Post 1* Hour )

Pre vs Post 24" Hour 0.121 0.420

Pre vs Post 48" Hour 0.002" 0.002™

Heart Rate Pain Present (Mean+SD) Pain Absent (Mean £SD) p
ROP Post 1% Hour 162.13+14.29 147.82+15.82 0.001"
ROP Post 24™ Hour 141.81+11.74 138.15+11.64 0.196
ROP Post 48" Hour 133.38+11.76 133.33+14.43 0.989
Comparison “p “p

Post 1* Hour vs Post 24" Hour 0.001" 0.001"

Post 24" Hour vs Post 48" 0.001" 0.001™

Hour
ROP: Retinopathy of Prematurity; : Student t-test; *: Paired sample t-test; **: p<0.01

Table 5. Oxygen saturation and respiratory rate changes based on number of examinations.

Oxygen Saturation (SpO:, %) Single Examination Multiple Examinations p

(Mean£SD) (Mean=SD)

ROP Pre-Examination 98.45+1.88 97.94 +£3.53 0.444
ROP Post 1 Hour 98.47 +1.81 9740 +3.51 0.127
ROP Post 24™ Hour 99.39 +1.32 97.97+4.17 0.072
ROP Post 48" Hour 99.98 +0.75 98.43 +2.81 0.099
Comparison “*p (Single Examination) “*p (Multiple Examinations)

Pre vs Post 1* Hour 0.941 0.248

Pre vs Post 24" Hour 0.002" 0.941

Pre vs Post 48" Hour 0.005™ 0.088

Respiratory Rate (bpm) Single Examination Multiple Examinations p

(Mean£SD) (Mean£SD)

ROP Pre-Examination 38.31 £6.37 41.75+6.29 0.027
ROP Post 1* Hour 4431 +7.43 43.62 +£6.65 0.686
ROP Post 24" Hour 40.34 £ 6.15 42.09 £5.65 0.222
ROP Post 48" Hour 39.13+6.12 42.09 £5091 0.045
Comparison “*p (Single Examination)  "p (Multiple Examinations)

Pre vs Post 1* Hour 001" 043"

Pre vs Post 24" Hour 0.005™ 0.630

Pre vs Post 48" Hour 0.210 0.539

ROP: Retinopathy of Prematurity; *: Student t-test; *: Paired sample t-test; **: p<0.01
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DISCUSSION AND CONCLUSION

Consistent evaluation and monitoring of preterm
infants are crucial for mitigating the advancement of
ROP. The adverse effects during ROP examinations
may result from both mydriatic drops and procedural
stress. Studies suggest that mydriatic drops may con-
tribute to cardiovascular, respiratory, and gastroin-
testinal side effects due to systemic absorption.*®"
However, distinguishing these pharmacological ef-
fects from procedural pain and stress remains a chal-
lenge.

In the study, ROP examinations led to temporary
changes in body temperature, HR, respiratory rate,
SAP, and sPO,. Although generally mild, these
changes resolved within 24 to 48 hours. Notably,
52.9% of infants experienced pain, which was asso-
ciated with transient HR and temperature increases,
particularly within the first hour. This finding aligns
with previous research indicating pain-related acti-
vation of the sympathetic nervous system.'® Similar-
ly, Tasdemir et al. have shown that multisensory
stimulation effectively reduces procedural pain and
improves physiological stability in preterm infants
undergoing ROP examinations. This approach has
been associated with lower pain scores, reduced
heart rate, and improved oxygen saturation levels.'*
However, the absence of meaningful differences in
sPO, and respiratory rate between infants with and
without pain suggested that these parameters were
less influenced by pain during ROP examinations.
The role of procedural stress, such as the use of
speculums and scleral pressure, was highlighted in
previous research as contributors to pain.'®,'> This
emphasizes the need for effective pain management
and optimization of the fundoscopic examination
strategies.

Previous studies revealed no meaningful changes in
body temperature during ROP examinations.'® How-
ever, a recent study identified flushing and fever as
the most common side effects, occurring in 68% and
46% of cases, respectively.'” In our study, flushing
was predominantly observed with a ratio of 23.5%.
On the other hand, a transient increase in body tem-
perature was detected within the first hour post-
examination. Among infants experiencing pain, tem-
perature elevations persisted at 24 hours, suggesting
a role of stress-induced thermoregulation changes.
The literature presents conflicting results regarding
BP changes during ROP examinations.” While some
studies have reported a decrease in BP, others have
observed an increase, potentially due to variations in
mydriatic drop regimens. However, other recent
studies detected no significant change in blood pres-
sure.**'"® In our study, SAP increased significantly at
24 hours in infants undergoing multiple examina-
tions. Kremer et al. found no significant difference
in BP when comparing low-dose and very low-dose
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regimens."” However, a review published in 2020
highlighted the superior safety profile of microdrop
administration.” These findings suggest that tech-
niques like nasolacrimal pressure application may
reduce systemic absorption.

Jiang et al. reported a transient increase in HR dur-
ing ROP examinations, which peaked during the
procedure and approached to near-baseline levels
after 60 minutes.'® Similarly, in the study, an im-
portant increase in HR was examined within the first
hour post-examination, particularly in infants experi-
encing pain. By the 48™ hour, HRs had normalized.
These results reinforce the importance of observing
infants for at least 24 to 48 hours post-examination.
On the other hand, a recent study revealed that while
mydriatic drops may influence HR and regional cer-
ebral oxygenation, they do not appear to significant-
ly impact cerebral blood flow velocities or the meta-
bolic rate of oxygen consumption, indicating their
general safety.'®

Unlike HR and respiratory rates, sPO; levels showed
minimal fluctuation in the study across groups, con-
trasting with studies reporting significant oxygen
desaturation during ROP screening, presumably due
to variances in study design, like the application of
supplemental oxygen or variations in procedure du-
ration.*'” Similarly, Alpay et al. also found a tem-
porary decrease in sPO2 after mydriatic drop admin-
istration, but not statistically significant. Since the
desaturation coincided with the examination, they
blamed procedural stress.*

Apnea was observed in five infants, all of whom
recovered with tactile stimulation without further
intervention. While apnea following ROP screening
is commonly reported within 24 to 48 hours, no sig-
nificant changes were seen at 12 hours in some stud-
ies.® Publications suggest that apnea may result from
procedural pain, stress, stimulation of the oculocar-
diac reflex, or the anticholinergic effects of mydriat-
ic drops.***!° These findings emphasize the need for
immediate post-examination monitoring rather than
during the procedure itself.

The results of this study underscore the importance
of performing ROP examinations under controlled
clinical conditions with appropriate monitoring and
pain management strategies. Infants should be close-
ly observed for at least 24 to 48 hours following the
examination, particularly in outpatient settings
where immediate medical intervention may not be
readily available. Additionally, the adoption of mi-
cro-drop techniques and other strategies to reduce
systemic absorption of mydriatic drops should be
prioritized.

This study has a few limitations. Being a single-
center study is one of them. Meanwhile, the sample
size was constrained, which may limit the extent to
which the results can be generalized to larger popu-
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lations. Furthermore, pain was assessed using the
NIPS, a subjective scale that may introduce variabil-
ity. The absence of a control group further limits our
ability to distinguish the effects of mydriatic drops
from procedural stress. Finally, we did not measure
biochemical markers or assess long-term outcomes
related to the systemic effects of the procedure. Fu-
ture multicenter studies with larger cohorts and ad-
vanced monitoring techniques are needed to validate
and expand upon these findings.

In conclusion, ROP examinations transiently affect
physiological parameters in preterm infants due to
both procedural pain and systemic drug effects.
While most side effects are mild and self-limiting,
careful monitoring, pain control, and protocol opti-
mization are crucial. Educating caregivers about
potential adverse effects may reduce parental anxie-
ty and enhance infant safety.
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ABSTRACT

Objective: We evaluated the use of leftover graft materi-
als in dental procedures, the sterilisation methods used,
and the storage conditions and durations under which
leftover graft materials (LGMs) were stored.

Materials and Methods: An online survey of 200 Turk-
ish dentists was conducted. The survey consisted of 14
open-ended and multiple-choice questions. Information
was sought about the types of grafts the dentists used,
their frequency of use, the use of LGMs, whether such
LGMs were sterilized before use, and their preferences
regarding storage conditions before use.

Results: Overall, 81.3% of dentists stated that they used
LGMs. Of them, 69.6% did not sterilise the material be-
fore use. Also, 59.9% of the dentists thought that
LGMs could be used after the package had been opened.
When the branch distribution and years of practice of the
dentists who answered the question "What do they do with
the remaining graft materials after the first use?" were
evaluated, no statistically significant difference was found
between the groups. When the distribution of dentists who
answered the question "Do you re-sterilize the graft before
use?" was examined according to their branches, no statis-
tically significant difference was found between the
groups.

Conclusions: LGMs are frequently used by Turkish den-
tists after the package has been opened. Future studies
should determine the risk of cross-infections and the bio-
activity of LGMs.
Keywords: Allograft,
xenograft

autogenous graft, bone graft,

(0Y7

Amag: Bu c¢alismada dis hekimliginde ilk kullanimdan
sonra arta kalan greft materyallerinin kullanimi, kullanilan
sterilizasyon yontemleri, arta kalan greft materyallerinin
(AGM) saklanma kosullar1 ve siirelerinin degerlendirilme-
si amaglanmustir.

Materyal ve Metot: 200 Tiirk dis hekimine yonelik cevri-
migi bir anket yapildi. Anket 14 agik uglu ve ¢oktan seg-
meli sorudan olusuyordu. Dis hekimlerinin kullandig1 greft
tirleri, kullanim sikliklar, AGM' lerinin kullanimi, bu
AGM' lerinin kullanimdan 6nce sterilize edilip edilmedigi
ve kullanimdan 6nce saklama kosullariyla ilgili tercihleri
hakkinda bilgi istendi.

Bulgular: Genel olarak dis hekimlerinin %81,3'i AGM'
lerini kullandigmi belirtti. Bunlarin %69,6's1 materyali
kullanmadan once sterilize etmedigini belirtti. Ayrica dis
hekimlerinin %59,9'u AGM' lerinin paket agildiktan sonra
yeniden kullanilabilecegini diigiindiigiinii belirtti. 11k kulla-
nimdan sonra kalan greft materyallerini ne yapiyorsunuz
sorusuna cevap veren dis hekimlerinin brans dagilimi ve
tecriibe y1l1 degerlendirildiginde gruplar arasinda istatistik-
sel olarak anlamli bir fark bulunamamustir. Grefti kullan-
madan Once tekrar sterilize ediyor musunuz? sorusuna
cevap veren dis hekimlerinin branglara gére dagilimi ince-
lendiginde gruplar arasinda istatistiksel olarak anlamli bir
fark bulunamamustir.

Sonug: Caligmanin sonuglarina gore greft materyalleri ilk
kullanimdan sonra dis hekimleri tarafindan siklikla kulla-
nilmaktadir. Bu nedenle ileriki zamanlarda ¢apraz enfeksi-
yon riskini ve greftlerin tekrar kullanimdan sonraki biyo-
aktivitesini belirlemek i¢in ¢aligmalar yapilmasina ihtiyag
duyulmaktadir.

Anahtar Kelimeler: Allogreft, kemik grefti, ksenogreft,
otojen greft
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INTRODUCTION

In dentistry, bone grafts are used in many areas, such
as the treatment of trauma, periodontal defects, and
bone defects after tooth extraction, to increase the
amount of adequate bone before dental implant sur-
gery, and to repair various types of defects during
dental implants."” Bone-grafting procedures are val-
id and reliable treatments for replacing missing bone
and bone augmentation.>* Although autogenous
bone grafts are still considered the gold standard,
their use is limited due to several disadvantages,
such as requiring a second surgical site to harvest
the graft and the need to harvest a minimal amount
of tissue, often resulting in an insufficient amount of
material.*® Because of these limitations, dentists
frequently prefer allografts, xenografts and synthetic
grafts when appropriate.”” Allografts and xenografts
undergo processing to remove organic materials and
are sterilised to eliminate antigens, bacteria, and
viruses.'™!" Common sterilisation techniques include
exposure to gamma radiation, treatment with eth-
ylene oxide, and other chemical processing methods
to prevent cross-infection risks from donor organ-
isms.'>"? After sterilisation, these products undergo
stringent safety tests before being commercially
available." Bone grafts are typically sold in sterile
packaging, and manufacturer guidelines dictate that
each package should be used for a single patient.
Once opened, any remaining graft material should
be discarded to prevent contamination and cross-
infection.”” Therefore, it is important to investigate
the current use of such materials and the conditions
under which they are used.

This study aimed to evaluate the frequency of LGM
use in dental procedures, dentists’ awareness of the
associated risks, the storage practices employed, and
the length of storage (after opening the original
package) before use.

MATERIALS AND METHODS

Ethics Committee Approval: Ethical approval was
received from Karamanoglu Mehmetbey University,
Faculty of Medicine Local Scientific Medical Re-
search Ethics Committee (Date: 30.05.2024, deci-
sion no: 06-2024/09). The study adhered to the ethi-
cal guidelines of the Declaration of Helsinki.

Data collection: A self-administered and online (14
questions in three parts; Table I), prepared using
Google Forms (Google, Inc., 2017, California, USA)
and was randomly sent to 200 dentists via email and
text. To develop the survey, we first conducted a
literature review and prepared 14 questions about
LGM use in routine medical practice; this was
emailed to three experts for verification of the con-
tent and assessed using a five-point Likert scale.
Each question was evaluated and deemed appropri-
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ate for use.

The first 6 questions in the survey consisted of the
following questions: age, gender, the institution they
work for, how many years they have been a dentist,
areas of expertise and whether they use graft materi-
al.

The questions in the second part consisted of ques-
tions about how many packages of grafts dentists
use annually, what type of graft material they use,
and whether they reuse the graft after the first use.
The questions in the third section consisted of ques-
tions measuring whether the graft was re-sterilized
before use, if so, what method they used for sterili-
zation, under what storage conditions they stored
leftover graft material before using, how long the
package was used from the date it was first opened,
and questions about using leftover graft.

The survey consisted of open-ended and multiple-
choice questions. Participants who answered "I want
to participate" on the consent form in the first part
proceeded to the second part and participated in the
study by answering the questions. The first part of
the survey stated that participation was voluntary,
and dentists who chose not to participate could re-
frain from completing it. The survey was sent to a
total of 200 dentists, and the answers of 187 dentists
who accepted and participated in the survey were
used in the study.

Statistical Analysis: All data were analyzed using
SPSS Statistics Version 21.0 (IBM Corp., New
York). Chi-square analysis was used to evaluate the
relationships between categorical variables. The
threshold for statistical significance was set at
p<0.05.

RESULTS

The results are given in Table 1. In the study, 57.8%
of the participants identified as male, 41.7% as fe-
male, and 0.5% chose not to disclose their gender.
Most were 25-35 years old and worked at universi-
ties. Most of the participants (43.9 %) were perio-
dontology specialists and had about 10 years or
more of professional experience. Most of the partici-
pants (39.6 %) had 0-5 years of experience using
grafts, and 11.2 % had never used grafts. Among
graft users, 41.6 % used 0-10 packages of graft ma-
terial each year, 25.9 % used 10-20 packs, and 33.5
% used more than 20. The participants used xeno-
grafts at the highest rate (42.8 %), followed by al-
logeneous grafts (24.7 %) and other grafts. After
opening a package and using graft material the ma-
jority of participants (81.3 %) reported using it
again; only 18.7 % stated that they do not use
LGMs. While the majority of reusers, 69.6 %, stated
that they did not sterilize the graft again before use,
30.4 % stated that they sterilized the graft before
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use. The majority of those who sterilize before reuse
(70.7 %) sterilize by autoclave but less frequently
use other sterilization methods. The vast majority
(62.2 %) stored LGM in a cupboard at room temper-
ature, about 37 % kept it in a refrigerator and only
0.7 % stored it in a deep freezer. Nearly all partici-
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pants used leftover material within 1-6 months, with
only about 5.2 % of dentists using it after more than
6 months of storage. Most participants (59.9 %) felt
that LGM could be used later, 25.7 % felt that it
should not be used again, and 14.4 % had no opin-
ion.

Table 1. Responses of the participants to the questions.

Variables Subcategory n (%)
1. Gender Female 78 (41.7)
Male 108 (57.8)
I don't want to specify 1(0.5)
2. Age 25-35 102 (54.5)
36-45 77 (41.2)
46 and above 8(4.3)
3. Which institution do you work University 81 (43.3)
for? Private outpatient clinic 43 (23.0)
Own Clinic 40 (21.4)
Oral and Dental Health Center 23 (12.3)
4. Branch Oral and Maxillofacial Surgery 47 (25.1)
Dentist 58 (31.0)
Periodontology 82 (43.9)
5. Years of practice 0-5 years 45 (24.1)
5-10 years 56 (29.9)
More than 10 years 86 (46.0)
6. How many years have you been [ don’t use 21(11.2)
using graft material? 0-5 years 74 (39.6)
5-10 years 48 (25.7)
More than 10 years 44 (23.5)
7. How many packages of grafts do  0-10 69 (41.6)
you use annually? 10-20 43 (25.9)
More than 20 54 (32.5)
8. What type of graft material do Autogenous Graft 16 (9.6)
you use? Allogeneous Graft 41 (24.7)
Xenograft 71 (42.8)
Synthetic Graft 3(1.8)
Autogenous Graft, Allogeneous Graft 1(0.6)
Autogenous Graft, Xenograft 3(1.8)
Allogenous Graft, Xenograft 8 (4.8)
Autogenous Graft, Allogeneous Graft, Xenograft 13 (7.8)
Autogeneous Graft, Allogeneous Graft, Xenograft, Synthetic Graft 10 (6.0)
9. What do you do with the remain- I don’t use it again 31 (18.7)
ing ?graft materials after the first I use it again 135 (81.3)
use?
10. Do you re-sterilize the graft Yes 41 (30.4)
before use? No 94 (69.6)
11. By what method do you steri- Dry Hot Air Sterilization 8(19.5)
lize before use? Autoclave 29 (70.7)
Gamma Sterilization 4(9.8)
12. Where do you store the graft In The Cupboard At Room Temperature 84 (62.2)
until reuse? Refrigerator 50 (37.0)
In The Deep Freezer 1(0.7)
13. How many months do you use 0-1 Months 43 (31.9)
the graft from the date the package 1-3 Months 52 (38.5)
is first opened? 3-6 Months 33 (24.4)
More than 6 months 7(5.2)
14. What do you think about the Should Not Be Used Again 48 (25.7)
reuse of graft materials after the Reusable 112 (59.9)
original package of graft materials I Don't Know 27 (14.4)

is opened?
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When the distribution of branches of dentists ' re-
sponded to the question of what do you do with the
remaining graft materials after the first use? was
examined, no significant difference was found be-
tween branches (p>0.05) (Table 2).

When the distribution of years of practice of dentists
who responded to the question of what do you do
with the remaining graft materials after the first use?
was examined, no significant difference was found
between the years of practice and their responses to
the use of the leftover graft (p>0.05) (Table 3).
When the distribution of the branches of dentists
who answered the question of do you re-sterilize the
graft before use was examined, no significant differ-
ence was found between the branches (p>0.05)
(Table 4).

Ismail Tasdemir ve ark. (et al.)

DISCUSSION AND CONCLUSION

In dentistry, grafting procedures are usually per-
formed in local operating rooms. Today, many pre-
cautions are taken to minimize the number of micro-
organisms in these types of local operating rooms.
However, these places can never be completely ster-
ilized due to independent risk factors such as the
type of surgery, the place of the procedure, and the
number of personnel.'® In addition, the use of tools
such as rotary handpieces and ultrasonic handpieces
in the process can result in the release of a lot of
aerosol into the environment.'” These aerosols
formed during surgical procedures may increase the
risk of cross-infection between patients, as well as
infect dental implants and biomaterials such as graft
materials and membranes used.'®?° Infection of graft

Table 2. Distribution of branches of dentists who responded to the question of what do you do with the remain-

ing graft materials after the first use.

Branch
Oral and Maxillofa-  Dentist Periodontology p-value
cial Surgery
I don’t use it again SR 10 6 15
% within branch 25.0 13.0 18.8 037
[ use it again n 30 40 65
% within branch 75.0 87.0 81.2
Total n 40 46 80
% within branch 100.0 100.0 100.0

Table 3. Distribution of years of practice of dentists who responded to the question of what do you do with the

remaining graft materials after the first use.

Years of practice

0-5 years 5-10 years More than 10 p-value
years
I don’t use it again o . 6 12 13
% within years of practice 18.8 23.1 15.9 058
I it agai n 26 40 69 :
use it agam % within years of practice 81.2 76.9 84.1
Total no ‘ 32 52 82
% within years of practice 100.0 100.0 100.0

Table 4. Distribution of the branches of dentists who answered the question of do you re-sterilize the graft be-

fore use.
Branch
Oral and Maxillofacial Dentist Periodontology
Surgery p-value
Yes no 8 12 15
% within branch 26.7 30.0 23.1 073
No n 22 28 50 :
% within branch 73.3 70.0 76.9
Total no 30 40 65
% within branch 100.0 100.0 100.0
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materials, implants and membranes used during pro-
cedures for various reasons may cause the applied
treatment to fail, resulting in additional treatment
applications and additional costs for patients and
dentists.'”*!

For these reasons, manufacturers do not recommend
using commercially produced graft materials after
they have been opened.”” However, 81.3% of the
dentists who participated in our study and stated that
they used graft materials stated that they used the
remaining graft material. In addition, when the reuse
of dentists was evaluated according to the branches
and years of practice, no significant difference was
found in our study. This situation showed that there
was a tendency towards the reuse of graft materials,
regardless of the content and quality of the education
received and the experience of the dentists over the
years.

There are very few studies on the use of LGMs. On-
ly one study evaluated bacterial contamination of
such materials after 1 minute, 10 minutes and 1 hour
on the operating table and did not document any
contamination."” However, there have been no stud-
ies on the risk of contamination of an opened pack-
age over a longer period. In our study, 68 % of den-
tists used LGM after more than a month of storage.
This situation has highlighted the need for studies
examining the risk of infection in graft materials that
have been stored for long periods.

About 70% of dentists did not re-sterilize the materi-
al before using it. Among those who did re-sterilize,
the vast majority did so using an autoclave, and the
rest used gamma sterilisation or dry hot air methods.
However, the bioactivity and Ca/P ratios of graft
materials may change when stored under different
conditions and different sterilisation methods.” As it
is well known, graft materials are sterilized by gam-
ma radiation, treatment with ethylene oxide, and
other chemical processing methods to prevent the
risk of cross-infection from donor organisms during
production.'*"* However, in our study, the autoclave
and dry heat sterilization methods, which dentists
often use to re-sterilize the grafts, expose the grafts
to high temperatures for long periods. In this case,
the biological activities and biological structures of
the graft materials may change, which may negative-
ly affect their effectiveness and intended use.

Most participating dentists stored LGM in a cup-
board at room temperature, and nearly all others put
it in a refrigerator. Manufacturers generally recom-
mend storing graft materials at room temperature,
but 37.7% of study participants reported storing re-
maining grafts in refrigerators and deep freezers.”
However, no studies have examined the effects of
either of these storage conditions on the structure
and bioactivity of graft materials in general, much
less LGM.
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In conclusion, although the use of LGM is not rec-
ommended, the vast majority of surviving dentists
frequently do so. Therefore, studies should investi-
gate the effects of storage conditions, sterilisation
methods, and storage durations after first use on the
risk of cross-infection and bioactivity of LGMs. The
limitation of this study is that it was conducted only
with dentists in Tirkiye.
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ABSTRACT

Objective: This study aimed to perform quantitative and
qualitative evaluations of the state of artificial intelligence
(Al for physiotherapy and rehabilitation.

Materials and Methods: The bibliometric data have been
collected using title and abstract keyword searches from
the Web of Science database for Al applications in the
physiotherapy field. A total of 187 articles were identified
using keywords such as machine learning, deep learning,
artificial neural network, artificial intelligence, natural
language processing, and physiotherapy.

Results: A total of 187 articles published between 2001
and 2024 were analyzed. The year 2023 had the highest
publication volume (47 articles). “Engineering Electrical
Electronic” was the most productive research field. Fre-
quently occurring terms included “Machine Learning,”
“Rehabilitation,” and “Artificial Intelligence.”
Conclusions: Publications on artificial intelligence and
physiotherapy have significantly increased in recent years.
These findings underscore the increasing relevance of Al-
driven technologies for clinical practice, therapeutic deci-
sion-making, and rehabilitation research. For physiothera-
pists, healthcare professionals, and interdisciplinary re-
searchers, this study provides valuable insight into emerg-
ing trends and areas of concentration. Future work can
benefit from bibliometric analyses across different data-
bases to support multidisciplinary research.

Keywords: Artificial intelligence (Al), deep learning,
machine learning, physiotherapy and rehabilitation, Web
of Science (WoS)

(0Y7

Amag: Bu c¢alisma, fizyoterapi ve rehabilitasyon alaninda
yapay zekanin mevcut durumunu nicel ve nitel olarak
degerlendirmeyi amaglamaktadir.

Materyal ve Metot: Bibliyometrik veriler, Web of Scien-
ce veri tabaninda baslik ve 6zet anahtar kelime aramalart
yapilarak toplanmustir. “Makine 6grenimi,” “derin 6gren-
me,” “yapay sinir agi,” “yapay zeka,” “dogal dil igleme”
ve “fizyoterapi” gibi anahtar kelimeler kullanilarak toplam
187 makaleye ulagilmustir.

Bulgular: 2001-2024 yillart arasinda yayimlanan toplam
187 makale analiz edilmistir. En fazla yaymnin yapildig: yil
2023 olup, bu yil i¢inde 47 makale yayimlanmistir. En
iretken arastirma alani “Elektrik Elektronik Miithendisligi”
olarak belirlenmistir. En sik karsilasilan terimler arasinda
“Makine Ogrenimi,” “Rehabilitasyon” ve “Yapay Zeki”
yer almaktadir.

Sonug¢: Yapay zeka ve fizyoterapi lizerine yapilan yaymlar
son yillarda 6nemli 6lgiide artmistir. Bu bulgular, klinik
uygulamalar, tedaviye yonelik karar verme siirecleri ve
rehabilitasyon arastirmalart agisindan yapay zeka destekli
teknolojilerin artan 6nemini vurgulamaktadir. Fizyotera-
pistler, saglik profesyonelleri ve disiplinler aras1 aragtirma-
cilar i¢in bu g¢alisma, yiikselen egilimler ve odaklanilan
alanlar hakkinda degerli i¢gériiler sunmaktadir. Multidi-
sipliner ¢aligma yapan arastirmacilar i¢in Scopus ve Pub-
Med gibi farkli veri tabanlarindan ¢ikarilacak bibliyomet-
rik analizler gelecekteki ¢aligmalara yon verebilir.
Anahtar Kelimeler: Derin 6grenme, fizyoterapi ve reha-
bilitasyon, makine dgrenimi, yapay zekda, Web of Science
(WoS)
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INTRODUCTION

Machine learning (ML) and deep learning (DL) are
subsets of artificial intelligence (AI).'! ML is the
study of computer algorithms that automatically
improve through experience by applying mathemati-
cal approaches, and DL refers to an algorithm that
learns by processing input data through artificial
neural networks (ANN) that mimic neurons in the
biological brain." Both are fast-growing, interdisci-
plinary fields with remarkable applications in clini-
cal practice in healthcare.”* The interdisciplinary
nature of these fields, spanning computer science,
mathematics, and healthcare, is a testament to the
breadth of recent developments in Al technologies
leading to innovative healthcare.’

Al usually assists healthcare professionals in clinical
decision-making, such as diagnosing diseases, plan-
ning treatments, and predicting outcomes.®’ Inte-
grating Al technology in healthcare is critical for
developing novel approaches to addressing
healthcare challenges and discovering new opportu-
nities.® During the coronavirus disease 2019
(COVID-19), healthcare services had to limit outpa-
tient services. This crisis also highlighted the signifi-
cant contribution of Al in enhancing telemedicine
and telerehabilitation worldwide, paving the way for
new possibilities in healthcare.’ In addition, previous
studies have highlighted the potential of ML and DL
in physiotherapy and rehabilitation, an essential
branch of the healthcare field, to improve quality of
life.'""!

Al-based systems, such as virtual reality-based reha-
bilitation platforms and motion-sensing devices, are
being developed to activate clinical evaluation areas
such as balance, walking, daily living activities, and
upper and lower extremity skills.'*'* These systems
can provide real-time feedback, track progress, and
predict clinical outcomes, thereby enhancing the
quality of care and patient outcomes."*”"*> Al and ML
have been used to record exercises, provide person-
alized advice, and detect joint angles.'® ANN has
also been used for gait classification and monitoring
according to the lower extremity joint angle.'” Some
studies further pointed out the application of ML in
musculoskeletal physiotherapy by proposing a digi-
talized system for physiotherapy and developing a
smart sensor-based rehabilitation exercise recogni-
tion system.'*'® Current literature underscores the
potential of Al technologies to improve the accura-
cy, efficiency, and personalization of physiotherapy
practices.'™!"'¥1 A few reviews in the literature
investigate physiotherapy and rehabilitation practic-
es supported by Al technology. '*"°

However, there has yet to be a bibliometric analysis
that scans research and journals to guide researchers
in publishing their work in this common field. This
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study aimed to perform quantitative and qualitative
evaluations of the state of Al in physiotherapy and
rehabilitation.

MATERIALS AND METHODS

Ethical Approval: The bibliometric data have been
collected using the title and abstract keyword search
from the Web of Science database for terms belong-
ing to Al in the physiotherapy field. Ethics commit-
tee approval of this study is not required.

Data Collection: The bibliometric data have been
collected using the title and abstract keyword search
from the Web of Science (WoS) database for terms
belonging to Al in the physiotherapy field. The
study used the keywords "Physiotherapy" OR
"Physical Therapy" AND "Machine Learning,"
"Deep  Learning,"  "Artificial Intelligence,"
"Artificial Neural Network," OR "Natural Language
Processing." These keywords were selected based on
a preliminary review of the literature and common
terminology found in prior studies intersecting artifi-
cial intelligence and physiotherapy. The aim was to
capture a comprehensive range of relevant articles
covering core Al methodologies (e.g., machine
learning, deep learning) as well as broader Al-
related terminology (e.g., artificial intelligence, neu-
ral networks, NLP).

The publication periods are from 2001 to 2024 (data
accessed: 29 May 2024), and the articles, reviews,
conference proceedings, and book chapters pub-
lished in the English language were included in the
research. The comprehensive search has yielded a
substantial corpus of 187 documents (Figure 1).
Bibliometric Analysis: Bibliometric analysis was
conducted following the guide developed by Donthu
and his colleagues.”’ The subsequent step involved
the bibliometric analysis of these selected docu-
ments, focusing on identifying key patterns and
trends in the research field. The bibliometric study
helps in understanding research trends and guides
researchers and funding agencies in making in-
formed decisions about publication strategies, pro-
motions, research priorities, collaborations, and
funding allocations.

This study uses bibliometric analysis to provide an
overview of Al trends in the field of physiotherapy
and rehabilitation. Initially, the analysis was per-
formed using an advanced WoS search. The WOS
was selected due to its comprehensive coverage of
multidisciplinary and high-impact journals, as well
as its robust citation indexing features, which are
highly compatible with bibliometric mapping tools
such as VOSviewer and Biblioshiny. Specifically,
the advanced search capabilities of WoS provide
access to detailed bibliometric indicators, including
top source titles, publication counts by quartile, an-
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nual publication trends, citation metrics, document
type classifications, WoS category distributions, and
citation topic clusters. These characteristics made
WoS particularly suitable for conducting rigorous
quantitative and qualitative analysis. Nevertheless, it
is acknowledged that the inclusion of additional da-
tabases such as Scopus or PubMed in future studies
could further enrich the scope and comprehensive-
ness of bibliometric evaluations.

We used the bibliometrix application, specifically
biblioshiny 4.1, which is an R tool (R 4.4.0 version
used in this study) for comprehensive science map-
ping analysis. The biblioshiny application, a web
interface for bibliometrics, is Java software, and it
was used to observe affiliations of published arti-
cles.?' Authors tagged publications according to sub-
branches of physiotherapy. Publication numbers and
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citation numbers are shown according to these
fields. VOSviewer is a user-friendly tool known for
its simplicity, flexibility, and responsiveness to user
demands. It offers high-quality graphics but limits
alternatives to its pre-programmed functions and
requires repeated analysis due to its inability to com-
bine data from different sources. Finally, the docu-
ments most comprehensively analysed with
VOSviewer were subjected to Network Visualisa-
tion, enabling the creation of a visual map that dis-
plays the interrelationships between various author
keywords. This methodological approach ensures a
structured and rigorous literature analysis, offering
valuable insights into the convergence of technolo-
gies and methodologies within rehabilitation tech-
nology.

Keyword Search

Title Keyword Search
Title wise keyword search ("artificial intelligence OR machine learing OR deep
leaming OR artificial neural network OR natural language processing” AND
"physiotherapy OR physical therapy")
L

Abstract Keyword Search
Title wise keyword search ("artificial intelligence OR machine learning OR deep
learning OR artificial neural network OR natural language processing” AND
"physiotherapy OR physical therapy")
]

T
Web of Science (WoS) Database
Collection

Criteria:
1. Data accessed: 29 May 2024

Criteria:

Document Type
Sealtth

1. Article type
2. Review Article type

}

Bibliometric
Analysis
(n=187)

Network
Visiualization: Most
Co-Occurence of
Author Keywords

Figure 1. Workflow diagram.

3. Early Article type
4. Conference Proceedings
5. Book Chapter

Analyzed Topmost:
1. Country
2. Affiliation of Publications
3. Source of Publications
4. Quartile of Publications
5. Physiotherapy Sub-branches of Publicaitons
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RESULTS

A total of 187 articles published between 2001 and
2024 were included. The number of published arti-
cles remained low until 2016, followed by a steady
rise, peaking at 47 publications in 2023. This trend
highlights the growing research interest in the appli-
cation of computational methods in physiotherapy.
Publications rose from 18 in 2020 to 37 in 2022,
reaching a peak of 47 in 2023. Category-specific
growth followed a similar pattern. Notably, 38 arti-
cles indexed in the Science Citation Index Expanded
were published in 2023, indicating rising academic
interest in the field. This reflects increasing academ-
ic recognition and dissemination of computational
approaches in physiotherapy across high-impact
venues. The notable rise in publications after 2020
likely reflects the increased attention toward remote
rehabilitation and Al-driven healthcare solutions
prompted by the COVID-19 pandemic. Most docu-
ments were original research articles (126), followed
by proceeding papers (47) and review articles (11).
Other types, such as editorials, book chapters, and
data papers, were rare, underscoring a strong focus
on peer-reviewed research. Between 2001 and 2015,
the number of publications was limited. Over time,
however, research expanded across various sub-
fields, with significant contributions in neural sys-
tems and rehabilitation engineering. Although the
article count was low (3 and 1, respectively), highly
cited journals included /IEEFE Transactions on Neural
Systems and Rehabilitation Engineering. Sensors
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was the most prolific journal, contributing 15 arti-
cles. IEEE Access and Applied Sciences-Basel fol-
lowed with six and five articles, respectively. Most
papers were published in Q2 of 2023 (Table 1). Spe-
cifically, we note that Sensors is an open-access
journal with a strong focus on applied technologies
in healthcare, which may attract a higher volume of
submissions in emerging interdisciplinary areas like
Al in physiotherapy.

The most frequently cited sources reflect the inter-
disciplinary nature of the field, with Sensors (107
citations), npj Digital Medicine (100), and JMIR
mHealth and uHealth (85) leading in impact. Other
prominent journals include /EEE Transactions on
Neural Systems and Rehabilitation Engineering and
Composites Part A, each with 72 citations, followed
by IEEE Access (69). These highly cited publica-
tions span domains such as biomedical signal pro-
cessing, rehabilitation, digital health, and applied
sciences, indicating a broad and growing academic
interest. Institution-wise, the University of Toronto
led with 22 publications, followed by Harvard Uni-
versity (12), Harvard Medical School (8), and the
University of California System (8). Additional con-
tributions came from institutions such as Radboud
University Nijmegen and Shanghai Jiao Tong Uni-
versity, each with 6 articles. Citation patterns varied
by sub-branch. While musculoskeletal rehabilitation
had the most articles, neurological and orthopedic
topics had relatively higher citation rates, suggesting
greater scholarly influence (Figure 2).

Table 1. Publication count by quartile and proceedings per year.

Publica- BOOK ESCI PRO- Q1 Q2 Q3 Q4 Rehabilitation: Q1
tion CEEDI Engineering: Q2
Year NG
2001 0 0 0 1 0 0 0 0
2007 0 0 0 0 0 1 0 0
2009 0 0 0 0 1 0 0 0
2010 0 0 1 0 0 0 0 0
2011 0 0 0 1 0 0 0 0
2013 0 0 1 1 2 1 0 0
2014 0 0 0 0 0 0 0 1
2015 0 0 4 0 1 0 0 0
2016 0 0 2 1 0 1 1 0
2017 1 0 2 0 0 0 1 0
2018 0 0 4 0 1 1 0 0
2019 0 0 6 1 3 3 3 1
2020 0 0 7 1 6 2 2 0
2021 0 1 4 1 11 2 3 0
2022 0 0 8 5 17 2 5 0
2023 0 0 4 6 26 8 2 1
2024 0 0 0 3 8 3 1 0
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General Musculoskeletal 4
General Musculoskeletal (Assessment) 1 21

Neurology 1 17

Orthopeadics 1 14

Education 1 15

Rheumatology { 6

Neurology

Psychiatry {2
Oncology { 4
Geriatric rehabilitation
Pelvic floor 11
Pulmonary {1
For physiotherapists' clinical practice{ §
Ampute rehabilitation {1

Pediatrics { 3

162
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Figure 2. Times cited and total counts across physiotherapy sub-branches.

Other significant fields include Al-related computer
sciences and rehabilitation. At the meso level
(Figure 3a), “Gait and Posture” led (47.7%), while
“Rehabilitation Robotics” was most prominent at the
micro level (34.7%), followed by “Falls” (18.9%)
(Figure 3b). As depicted in Figure 3¢, “Engineering
Electrical Electronic” was the dominant category
(22.8%), followed by “Instruments Instrumentation”
and “Engineering Biomedical” (both 12.6%).

Citation Topics (Meso)

Artificial intelligence & Machine Learming
Organic Semiconductors

Health Literacy & Telemedicine

Hearing Loss

Gait & Posture S "o

Back Pain

2,
A Education & Educational Research

13% Orthopedics

Computer Vision & Graphics

a) Citation topics (Meso)

rgresrng Dectrca Dectsonk

e Inudrmart ot

Compurer Scirce Theory Meods

Crerntry Avatyical

WOS Categories
Mo

Finally, the co-occurrence network (Figure 4) shows
frequent keyword pairings. "Machine Learning" was
central, closely associated with "Physiotherapy,"
"Natural Language Processing," and "Wearable Sen-
sors." Other relevant terms like "Artificial Intelli-
gence," "Virtual Reality," and "Pose Estimation"
highlight the field’s interdisciplinary scope and tech-
nological integration.

Citation Topics (Micro)
Cochlea
Telemedicine

Stretchable Electronics

Rehabilitation Robotics
Feature Selection

5.3% Essential Tremor

Low Back Pain

63%
Seif.regulated Learning

Action Recognition
b) Citation topics (Micro)

oot

ek Care Schnces Services

Cemputer Scance Wormaten Syvtems

Comouter Scince Atiicial intetigance

Engimerng Bomeccel

Perabataron

¢) Wos category

Figure 3. Distribution of Web of Science categories.
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Figure 4. Co-occurrence network visualization of author keywords in rehabilitation technology research.

DISCUSSION AND CONCLUSION

The findings show that articles on Al in physiothera-
py and rehabilitation are relevant studies that have
started to be published in recent years. The fact that
47 articles were published in 2023, the year with the
most publications, shows that the field has been
open to development in recent years. These findings
are concurrent with the significant contribution of Al
in enhancing telerehabilitation during the COVID-
19 pandemic.” The increasing trend in recent years
suggests that telerchabilitation, which gained mo-
mentum during the pandemic, is likely to remain a
mainstream component of healthcare delivery going
forward.”> According to the WoS categories,
"Electrical, Electronic Engineering" is the most pub-
lished research field. It was observed that the journal
“Sensors" stands out in this field, especially as the
journal that publishes the most and receives the most
citations. It was seen that gait assessment and mo-
tion analysis issues are prominent in using Al in
physiotherapy and rehabilitation. When the WoS
citation topics were considered, "Gait and Posture"
was the most studied area, followed by "Computer
Vision and Graphics" at the meso level. The system-
atic review presented in 2024 showed the use of DL
techniques in physiotherapy and rehabilitation with
an emphasis on exercise and movement analysis.”
The hybrid models, such as CNN + LSTM
(Convolutional Neural Network + Long Short-Term
Memory), CNN + GRU (Convolutional Neural Net-
work + Gated Recurrent Unit), and MLP + SVM

(MultiLayer Perceptron + Support Vector Machine),
were explained in usage for the rehabilitation field.
The most cited article was about wearable biometric
monitoring devices (BMDs) and artificial intelli-
gence (Al), enabling patient data to be measured and
analyzed remotely. The authors emphasized that
considering patients' perspectives ensures that tech-
nology is utilized effectively without compromising
the human aspects of care, causing undue burden, or
intruding on patients' lives in their study. The second
most cited article was about a home care system
using a commercial smartwatch and ML model that
could facilitate participation in home education and
be used for home care therapy in the treatment of
chronic stroke patients.

Co-occurrence analysis, which identifies high-
frequency keywords appearing in various studies,
can assist researchers in quickly grasping the key
points of a relevant topic. In this study, the most
frequently used keywords were "Machine Learning,"
"Artificial Intelligence," "Rehabilitation,"
"Physiotherapy," and "Deep Learning." Additional-
ly, the keywords "Sensors," "Wearable Sensors,"
and "Virtual Reality" were found to form the same
cluster.

In addition, the area most researched at the micro
level in our study was rehabilitation robotics, which
probably accounted for the most significant propor-
tion due to its emerging potential to improve patient
recovery and quality of life. "Rehabilitation Robot-
ics" was followed by "Falls" in our study. "Falls"
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was the second most common topic, highlighting the
critical need for effective fall prevention and man-
agement strategies, especially in the aging popula-
tion. Numerous scoping and systematic reviews ex-
ist in the literature on the prevention and detection of
falls in older adults using Al applications.”*** A bib-
liometric analysis like our study was also found on
Al and falls in older adults.”

The literature systematically maps the use of ma-
chine learning in neurorehabilitation, which includes
diseases such as stroke and spinal cord injury, neuro-
degenerative disease, Parkinson's disease, and quad-
riplegia.”” It has been concluded that ML is a field of
computational intelligence research that examines
the development of methods that can extract con-
cepts (knowledge) from data samples, and is most
used in stroke patients. Recent studies have further
demonstrated the feasibility of Al integration in clin-
ical and telerchabilitation settings, particularly
through wearable sensors, VR systems, and intelli-
gent robotic devices.”®**** These findings support
the notion that real-world adoption of Al is acceler-
ating, especially for gait analysis, post-stroke reha-
bilitation, and motion tracking.

The integration of Al and machine learning into
physiotherapy is reshaping clinical practice by ena-
bling personalized, data-driven interventions. Tools
such as wearable sensors and predictive models not
only enhance assessment and treatment but also lay
the groundwork for standardized, technology-
informed clinical guidelines. These developments
point toward a future where hybrid care models and
Al-assisted evaluations become integral to rehabili-
tation protocols.

In conclusion, to our knowledge, this is the first
study in which bibliometric analysis has been con-
ducted on Al-related physiotherapy and rehabilita-
tion subjects, which have recently gained attention
worldwide. This study provides a comprehensive
bibliometric analysis of Al applications in physio-
therapy and rehabilitation, highlighting a sharp rise
in publications, particularly following the COVID-
19 pandemic. While the overall number of publica-
tions remains modest, the increasing trend under-
scores growing interest in areas such as gait analy-
sis, rehabilitation robotics, and telerehabilitation. It
also highlights the need for a multidisciplinary ap-
proach involving clinicians, engineers, and data sci-
entists to advance rehabilitation technologies. One
of the limitations of this study is the exclusive use of
the Web of Science (WoS) database for bibliometric
analysis. Future studies could benefit from incorpo-
rating data from multiple scientific databases, such
as Scopus and PubMed, to provide a more compre-
hensive understanding and support researchers
working in multidisciplinary fields. To guide future
work, researchers should focus on developing ex-
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plainable Al models that can be integrated into clini-
cal workflows, particularly for personalized therapy,
remote monitoring, and outcome prediction. Promis-
ing areas include adaptive exercise systems, intelli-
gent prosthetics, and Al-assisted movement analysis.
Practitioners may benefit from Al tools for motion
tracking, progress monitoring, and patient adher-
ence, especially in telehealth settings.
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ABSTRACT

Objective: To investigate whether the ratios of biochemi-
cal markers such as hemoglobin, albumin, lymphocyte and
platelet (HALP) score, lymphocyte-C-reactive protein
ratio (LCR) and CRP/Albumin ratio can predict the sur-
vival and recurrence of the disease in gastric cancer pa-
tients.

Materials and Methods: Adult patients who were operat-
ed for gastric cancer in our clinic between January 2014
and December 2023 (n: 85) were included in this retro-
spective study. HALP and CRP/Albumin scores and LCR
ratios were calculated from the preoperative biochemical
data of the patients.

Results: Overall survival of patients with a low HALP
score was significantly shorter than that of patients with a
high HALP score (30.6 vs 35.5 months) (p<0.05). In addi-
tion, overall survival of patients with low LCR rate was
significantly shorter than that of patients with high LCR
score (27.9 vs 35.6 months, p<0.05), and similarly, the
overall survival of patients with low CRP/Albumin value
was significantly shorter than that of patients with high
CRP/Albumin value (29.9 months vs 32.4 months)
(p<0.05). There was a strong correlation between HALP,
LCR, and CRP/Albumin scores and recurrence (for each
p<0.05). According to the results of multivariate Cox
regression analysis, HALP score, LCR score and CRP/
albumin ratio were found to be independent and positive
factors for overall survival (p<0.05).

Conclusions: Low scores in any of the HALP, LCR, and
CRP/Albumin scores were associated with poor postoper-
ative overall survival and recurrence in patients with gas-
tric cancer.

Keywords: Biomarkers, gastric cancer, prognosis, recur-
rence

0oz

Amag¢: Hemoglobin, albumin, lenfosit ve trombosit
(HALP) skoru, lenfosit-C-reaktif protein orani (LCR) ve
CRP/Albumin orani gibi biyokimyasal belirteglerin oran-
larinin mide kanseri hastalarinda hastaligin sag kalimini ve
tekrarini tahmin edip edemeyecegini arastirmak.

Materyal ve Metot: Ocak 2014 ile Aralik 2023 tarihleri
arasinda klinigimizde mide kanseri nedeniyle opere edilen
yetigkin hastalar (n: 85) bu retrospektif ¢alismaya dahil
edildi. Hastalarin preoperatif biyokimyasal verilerinden
HALP ve CRP/Albumin skorlar1 ve LCR oranlari
hesaplandi.

Bulgular: Diisik HALP skorlu hastalarin genel sag kalim
stiresi, yiiksek HALP skorlu hastalara gore anlamli de-
recede daha kisaydi (30.6'va karst 35.5 ay) (p<0,05).
Ayrica, diisik LCR oranma sahip hastalarin genel sag
kalim siiresi, yiiksek LCR skorlu hastalara gore anlaml
derecede daha kisaydi (27.9'a kars1 35.6 ay, p<0,05) ve
benzer sekilde, diisiik CRP/Albumin degerine sahip has-
talarin genel sag kalimi, yiiksek CRP/Albumin degerine
sahip hastalara gore anlamli derecede daha kisaydi (29.9'a
kars1 32.4 ay) (p<0,05). HALP, LCR ve CRP/Albumin
skorlari ile tekrarlama arasinda giiglii bir korelasyon vardi
(her biri i¢in p<0,05). Cok degiskenli Cox regresyon ana-
lizinin sonuglarina gore, HALP skoru, LCR skoru ve CRP/
albumin oraninin genel sag kalim igin bagimsiz ve pozitif
faktorler oldugu bulundu (p<0,05).

Sonu¢: HALP, LCR ve CRP/Albumin skorlarindan her-
hangi birinde disiik skorlar, mide kanseri olan hastalarda
diisiik postoperatif genel sag kalim ve niiks ile iligkiliydi.
Anahtar Kelimeler: Biyobelirtegler, mide kanseri,
prognoz, niiks

Sorumlu Yazar / Corresponding Author:

Ahmet Tarik Harmantepe

Sirinevler, Adnan Menderes Cd Saglik Sk No:195, 54100 Adapa-
zar1/Sakarya Turkey

Tel.: +905347810376

E-mail: tarikharmantepe@gmail.com

Yayin Bilgisi / Article Info:

Gonderi Tarihi/ Received: 25/03/2025
Kabul Tarihi/ Accepted: 16/06/2025

Online Yayin Tarihi/ Published: 30/06/2025

Atif / Cited: Senturk A and et al. Predictive Role of Halp Score, LCR Value and CRP-Albumin Ratio for Survival and Recurrence in Gas-
tric Cancer. Online Tiirk Saglk Bilimleri Dergisi 2025;10(2):153-161. doi: 10.26453/otjhs.1663269



http://orcid.org/0000-0002-7626-4649
http://orcid.org/0000-0003-3641-7628
https://orcid.org/0000-0003-2888-7646
http://orcid.org/0000-0001-7761-2417
http://orcid.org/0000-0001-8294-0239

Arastirma Makalesi (Research Article)

INTRODUCTION

Gastric Cancer (GC) is a complex disease character-
ized as a primary epithelial malignancy that origi-
nates in the stomach. It develops through multiple
stages and is influenced by various risk factors. In
recent years, global efforts in prevention, screening,
and treatment have led to a general decrease in the
disease's incidence and mortality rates. Despite this,
GC remains the fifth most common cancer world-
wide and ranks fourth in cancer-related deaths.'
Precise pathological tumor staging plays a crucial
role in assessing survival outcomes for these indi-
viduals. While the overall survival rate for GC is
45% at one year, it drops to 26% at five years, and
further decreases to 7% in cases of metastatic GC.>
Recent research suggests a potential link between
systemic inflammation and cancer development,
invasion, proliferation, and metastasis.’ Inflamma-
tion, regardless of its cause, contributes to cancer
progression by promoting angiogenesis and enhanc-
ing apoptosis resistance around the tumor.* Elevated
levels of neutrophils, leukocytes, platelets, and C-
reactive protein (CRP), along with reduced lympho-
cyte and albumin values in the preoperative period,
serve as indicators of systemic inflammatory re-
sponse.” Various prognostic factors based on inflam-
matory response are derived by combining these
biochemical parameters.® These factors are utilized
not only in determining the prognosis of malignant
diseases but also in autoimmune, inflammatory, and
infectious conditions where the severity of inflam-
mation is critical.”

C-reactive protein (CRP) is a protein produced dur-
ing the body's response to various inflammatory
conditions, including infection, cancer, ischemia,
and trauma.®” Other factors known to influence can-
cer patient prognosis include hemoglobin levels, as
well as leukocyte and platelet counts.'® Serum albu-
min, the most prevalent protein in human blood
plasma, is liver-produced and serves as a crucial
prognostic indicator in cancer patients, with low
levels (hypoalbuminemia) suggesting a poor out-
look."” The lymphocyte-to-CRP ratio (LCR) is uti-
lized as a prognostic marker in diverse cancer
types.'" Similarly, a low HALP score, which com-
bines albumin, hemoglobin, platelet, and lympho-
cyte counts, indicates an unfavourable prognosis in
cancer.'” Research has shown that the CRP/albumin
ratio is an independent prognostic indicator for pa-
tients with infection, cancer, and comorbidities."?
This research aims to explore the connections be-
tween CRP/albumin ratio, HALP score, and LCR
value and the survival and recurrence rates in GC
patients who have undergone surgical treatment.

Adem Senturk ve ark. (et al.)

MATERIALS AND METHODS

Ethics Committee Approval: Our study was ap-
proved by the Sakarya University Ethics Committee
(Date: 28.12.2023, decision no: E. 318701). The
study was carried out following the Helsinki Decla-
ration and international guidelines.

Sample and Study Design: This retrospective obser-
vational study included 85 patients who underwent
surgery for GC at the Surgical Oncology Clinic of
the Sakarya Education and Research Hospital be-
tween January 2014 and December 2023. Patient
data were obtained from patient files and electronic
hospital databases. All laboratory data, including
hemogram, CRP, and albumin levels, were obtained
from blood samples collected within one week prior
to surgery. The same clinical laboratory and stand-
ardized protocols were used for all biochemical anal-
yses to minimize measurement variability. As a rou-
tine clinical practice in our department, patients
were followed up according to a standardized proto-
col until they died due to disease recurrence. During
the follow-up of the patients, control imaging was
performed at certain periods (ultrasonography, com-
puted tomography, PET/CT).

Adult patients aged > 18 years who underwent sur-
gery for pathologically confirmed GC were included
in this study. Patients with incomplete clinicopatho-
logical and follow-up data, those who had been
treated for another cancer before Chemoradiotherapy
(CRT), those with any inflammatory disease, those
who had not undergone surgery, and those with sec-
ondary malignancies were excluded.

Variables including chemotherapy regimens, comor-
bidities, surgical procedures, pathological diagnoses,
types of lymph node dissection, tumor size, meta-
static site, and patient survival time were recorded
and analyzed. Overall survival was defined as the
time from surgery to death or last follow-up visit. To
calculate inflammation markers, the results of pre-
operative blood tests were recorded.

HALP Score Calculation: Hemoglobin (gr/dL) x
Lymphocyte (count/ul) x Albumin (gr/dL) / Platelet

(count/pl).

LCR Calculation: Lymphocyte (count/ul) / CRP
(mg/L).

CRP/Albumin Score Calculation: CRP (mg/L)/
Albumin (gr/dL)

Statistical Analysis: Statistical analyses were con-
ducted using SPSS version 27. Categorical variables
were presented as frequencies and percentages,
while continuous variables were expressed as means
with standard deviations. The Kolmogorov-Smirnov
test was used to assess the normality of continuous
data. For comparisons, categorical variables were
analyzed using the chi-square test or Fisher’s exact
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test, whereas independent samples t-tests were ap-
plied for continuous variables. The optimal cut-off
points were determined based on the minimum P-
value from the log-rank x2 test and the highest sensi-
tivity and specificity for overall survival. The prog-
nostic significance of CRP/Albumin, LCR, and
HALP was evaluated using Receiver Operating
Characteristic (ROC) analysis. The area under the
curve (AUC) was classified as follows: 0.9-1.0
(excellent), 0.8-0.9 (good), 0.7-0.8 (moderate), 0.6—
0.7 (poor), and 0.5-0.6 (unsuccessful). The sensitivi-
ty and specificity of the cut-off values were as-
sessed. The optimum cut-off value was calculated by
minimizing the sum of the absolute values of the
differences between AUC and sensitivity and AUC
and specificity, provided that the difference between
sensitivity and specificity is minimal. Kaplan-Meier
survival curves were compared using the log-rank
test, and independent prognostic factors for survival
were determined through multivariate Cox regres-
sion analysis. A 95% confidence interval was used,
with statistical significance defined as p<(0.05.

Adem Senturk ve ark. (et al.)

RESULTS

In this study, the demographic and clinical charac-
teristics of 85 patients with gastric cancer were eval-
uated. The mean age of the patients was 62.1+10.8
years, and 60% were male. The average survival
time was 31.5+22.6 months. The mean hemoglobin
level was 11.4+2.1 g/dL, albumin was 3.24+0.68 g/
dL, and lymphocyte count was 1640.1+£874.1/mm?.
The mean tumor size was 6.1£2.9 ¢cm, with a median
lymph node count of 25 (18.5-32) and a median met-
astatic lymph node count of 6 (1.0-10.0). Lympho-
vascular invasion was detected in 76.5% of patients,
while perineural invasion was present in 60%. Addi-
tionally, 30.6% of patients experienced relapse, and
68.2% were deceased. Adjuvant chemotherapy was
administered to 90.6% of patients, while 31.8% re-
ceived neoadjuvant chemotherapy. Among the bio-
chemical markers, the CRP/Albumin ratio was
5.3+9.8, and the HALP score was 37.5+£19.4. D2
lymph node dissection was performed in 51.7% of
patients, and 27.1% had malignant 8a lymph nodes
(Table 1).

Table 1. Demographic and clinical characteristics of patients with gastric cancer (n:85).

Variables n (%)/Mean+SD/Median (25P, 75P)
Age (Years) 62.1£10.8

Sex (Male/ Female) 51 (60.0) / 34 (40.0)
Survival (Months) 31.5£22.6
Hemoglobin (gr/dL) 11.4£2.1
Albumin (gr/dL) 3.24+0.68
Lymphocyte (/mm?*) 1640.1£874.1
Platelet (uL) 25365.6+94204.4
CRP (mg/L) 20.1+32.7
Fibrinogen (mg/dL) 334.9+143.1
Neutrophil (/mm®) 7.3+4.6
Monocyte (/mm?*) 0.6+0.3

CEA (ng/mL) 21.2+101.3

CA 19-9 (U/mL) 108.4+288.1
Tumor size (cm) 6.1£2.9
Lymph nodes (n) 25 (18.5.32.0)
Metastatic lymph nodes (n) 6 (1.0.10.0)
HALP score 37.5+19.4
LCR score 2.84£2.6
CRP/Albumin score 5.3£9.8

LDN (D1/ D2/ D2+) (%)

8a LN (benign/ malign)

Lymphovascular invasion (Positive/Negative)
Perineural invasion (Pozitive/Negative)
Differentiation (Poor/Little/ Moderate/Well)
Relapse (Yes/No)

Comorbidity (Yes/No)

Deceased (Yes/No)

Adjuvant Chemotherapy (Yes/No/ Radiotherapy)
Neoadjuvant Chemotherapy (Yes/No)

1(1.2) / 40(47.1) / 44(51.7)
62 (72.9)/23 (27.1)
65 (76.5) / 20(23.5)
51 (60.0) / 34(40.0)

2(2.4)/32(37.6) /35 (41.2)/ 16 (18.8)

26 (30.6) /59 (69.4)
44 (51.8) / 41(48.2)
58 (68.2) /27 (31.8)

77 (90.6)/ 7 (8.2)/ 1 (1.2)
27 (31.8) / 58 (68.2)

Descriptive data are given as n (%) or meantstandart deviation; CRP: C-reactive protein; CEA: Carcinoembry-
onic antigen; CA 19-9: Carbohydrate antigen 19-9; HALP score: Hemoglobin (gr/dL) x Albumin (gr/dL) x Lym-
phocyte (count/ul) / Platelet (count/ul); LCR score: Lymphocyte (count/ul) / CRP (mg/L); LDN: Lymphadenec-

tomy; LN: Lymph nodes.
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The predictive performance of HALP in assessing
treatment response for GC patients was analyzed
using ROC-derived cut-off values. The optimal cut-
off thresholds were determined as follows: 28.61 for
HALP, 1.97 for LCR, and 3.41 for CRP/Albumin.
At these thresholds, classification performance was
as follows: HALP demonstrated a sensitivity of
86.3% and specificity of 76.5%; LCR exhibited a
sensitivity of 80.4% and specificity of 64.8%; and
CRP/Albumin showed a sensitivity of 82.1% and
specificity of 70.6% (respectively, p=0.018,
p=0.023, p=0.044). An analysis of the association
between clinicopathological parameters and HALP
revealed statistically significant relationships with

Adem Senturk ve ark. (et al.)

gender (p=0.045), survival duration(p=0.047), hae-
moglobin (p<0.001), albumin (p<0.001), lympho-
cyte (p<0.001), platelet (p=0.009), CRP (p=0.041),
CEA (p=0.033), Cal9-9 (p=0.009), tumor size
(p<0.001), lymphovascular invasion (p=0.029), peri-
neural invasion (p=0.042), 8a lymph nodes involve-
ment (p=0.041), as well as the administration of
adjuvant and neoadjuvant therapies (Table 2).
Similarly, the evaluation of LCR in relation to clini-
copathological variables showed significant correla-
tions with metastatic lymph nodes, lymphovascular
invasion, and perineural invasion, relapse with p-
values of 0.035, 0.043, 0.015, 0.049, respectively
(Table 3).

Table 2. HALP score and clinical correlations in gastric cancer.

HALP score [Mean+SD/ n (%)/Median (p25, p75)]

. p-
Variables Low (<28.61//N:52)  High (>28.61/N:33) values
Age (Years) 63.9£11.5 59.4+8.8 t=2.149 0.298
Sex (Female. n (%)) 25(29.4) 9(10.6) v=13.641  0.045
Survival (Months) 28.9 (21.8-38.2) 32.4 (25.8-39.1) t=7.231  0.047
Hemoglobin (gr/dL) 10.61.5 13.442.2 =8.072  0.001
Albumin (gr/dL) 2.840.7 3.640.5 F=19.438  0.001
Lymphocyte (/mm’) 1266.9+0.634 2282.3+0.8838 F=34.008  0.001
Platelet (iL) 274.513.5489.680.9  219.756.3£90.807.4  F=8.192  0.009
CRP (mg/L) 18.4 (3.5.55.7) 13.5(4.5. 67.4) 7=2.514  0.041
Fibrinogen (mg/dL) 343.0+141.4 319.5+152.5 F=0.521 0.318
CEA (ng/mL) 32 (32.0.57.5) 23.5(15.2.71.7) 7=2359  0.033

CA 19-9 (U/mL) 97.0 (33.0. 322.5) 714 (4222863)  Z=3.102  0.009

Tumor size (cm) 6.843.1 4.7+2.2 F=11.969 0.001
Lymph nodes 29.1£10.2 25.3£12.0 F=1.449 0.232
Metastatic lymph nodes 6.0 (3.8-8.3) 6.2 (3.7-8.8) F=0.114 0.906
T status (T1/T2/T3/T4) 4/5/17/26 3/6/15/9 ’=6.125 0.409
N status (NO/N1/N2/N3) 18/11/6/17 12/5/2/14 x =4.541 0.474
LDN (D1 /D2/D2+) 1/23/28 0/17/16 ¥=0.974 0.614
8a LN (Benign/ Malign) 38/14 24/9 t=2.856 0.041
Lymphovascular invasion (+) 41/11 24/9 ¥=8.112  0.029
Perineural invasion (+) 34/18 17/16 Y'=4.415 0.042
Differentiation (Poor/Little/ Moderate/Well) 1/22/21/8 1/10/14/8 ¥*=1.740 0.199
Relapse (Yes/No) 16/36 10/23 t=1.964 0.486
Comorbidity (Yes/No) 31/21 13/20 U=2.526 0.044
Deceased (Yes/No) 35/17 23/10 U=2.688 0.042
Adjuvant Chemotherapy (Yes/No/ Radiotherapy) 46/6 32/1 ¥=10.993  0.003
Neoadjuvant Chemotherapy (Yes/No) 15/37 12/21 t=3.894 0.031

Descriptive data are given as n(%); Meanstandart deviation or median (25P,75P); Chi-square (x°,) One-way Anova test (F test); Independ-
ent sample t-test; Mann Whitney U test (Z test) and Kruskal-Wallis tests (U test); CRP: C-reactive protein; CEA: Carcinoembryonic anti-
gen; CA 19-9: Carbohydrate antigen 19-9; LDN: Lymphadenectomy, LN: Lymph nodes.

Table 3. LCR score and clinical correlations in gastric cancer.

LCR score [Mean+SD/ n (%)/Median (p25, p75)] p-
Variables Low (<1.97. n:46) High (>1.97. n:39) values
Age (Years) 63.1+10.2 61.3+11.2 t=1.172 0.782
Sex (Female. n (%)) 25(29.4) 26(30.6) ¥ =2.559 0.176
Survival (Months) 27.1 (22.6-34.2) 34.8 (26.3-43.8) t=6.723 0.031
Hemoglobin (gr/dL) 10.1£1.7 13.6+2.2 t=4.124 0.038
Albumin (gr/dL) 3.0+£0.6 3.540.7 F=12.530 0.003
Lymphocyte (/mm”) 1298.1+0.748 2043.5+0.846 F=19.812 0.001
Platelet (uL) 269246.1+85667.9 240140.1+£98992.1 F=3.926 0.048
CRP (mg/L) 18.6 (8.5-38.4) 10.4 (3.1-51.9) 7=1.429 0.016
Fibrinogen (mg/dL) 371.4£158.5 315.7£134.6 F=0.999 0.327
CEA (ng/mL) 29.5 (20.0-54.0) 16.0 (12.9-76.2) 7=3.126 0.003
CA 19-9 (U/mL) 121.0 (43.0-288.0) 85.6 (27.5-319.7) 7=2.829 0.009
Tumor size (cm) 6.3£3.0 4.842.8 F=1.277 0.211
Lymph nodes 28.6+11.2 24.5+10.8 F=0.765 0.165
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Table 3. Continue.
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Metastatic lymph nodes

T status (T1/T2/T3/T4)

N status (NO/N1/N2/N3)

LDN (D1/D2/D2+)

8a LN (Benign/ Malign)

Lymphovascular invasion (+)

Perineural invasion (+)

Differentiation (Poor/Little/ Moderate/Well)
Relapse (Yes/No)

Comorbidity (Yes/No)

Deceased (Yes/No)

Adjuvant Chemotherapy (Yes/No/ Radiotherapy)
Neoadjuvant Chemotherapy (Yes/No)

8.2 (5.22-11.29) 4.3 (2.67-5.92) F=5.845 0.035
4/5/15/22 3/6/17/13 )(22 =4.766 0.713
14/15/4/13 16/1/4/18 X =13.498 0.021

0/21/25 1/19/19 ¥ =1.891 0.421
32/14 30/9 t=3.579 0.304
38/8 27/12 x* =6.798 0.043
28/18 23/16 ¥ 11.247 0.015
1/20/19/6 1/12/16/10 ¥ =1.063 0.137
12/34 14/25 t=2.104 0.049
23/23 21/18 U=2.526 0.407
29/16 28/11 U=2.714 0.048
41/5 37/2 ¥ =1.921 0.291
17/29 10/29 t=2.510 0.189

Chi-square (y%); One-way Anova test (F test); Independent sample t-test; Mann-Whitney U test (Z test) and Kruskal-Wallis tests (U test);

CRP: C-reactive protein; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; LDN: Lymphadenectomy.

A high CRP/Albumin ratio in gastric cancer patients
was significantly associated with lower hemoglobin,
albumin, and lymphocyte levels, as well as fewer
metastatic lymph nodes. Patients with a low CRP/
Albumin ratio had higher rates of lymphovascular
and perineural invasion, 8a lymph node malignancy,
relapse, and mortality. Additionally, those with a
high ratio were more likely to receive adjuvant and
neoadjuvant chemotherapy (Table 4).

In the univariate analysis, several factors were iden-
tified as predictors of survival, including sex, Adju-
vant Chemotherapy, Neoadjuvant Chemotherapy,
Mortality, Lymph node, 8aLN, CRP, Hb, Albumin,
Platelet, T stage, N stage, tm size, Metastatic LN
station, Lymph Vascular Invasion, and recurrence.
Univariate Cox regression analysis demonstrated a
significant association between HALP, LCR, and
CRP/Albumin levels and overall survival time.

Table 4. CRP/Albumin score and clinical correlations in gastric cancer.

CRP/Albumin ratio [Mean+SD/ n (%)/Median (p25,

Variables p75)]Hi h p-values
Low (<3.41. n:56) 3. 41j‘5n:29)
Age (Years) 63.84£9.6 59.0£12.2 t=2.355 0.466
Sex (Female. n (%)) 34(40) 17 (20) ¥*=13.035 0.037
Survival (Months) 28.7 (23.1-36.7) 31.5(25.4-39.3) t=0.211 0.647
Hemoglobin (gr/dL) 10.1£2.2 11.6+1.9 t=3.487 0.046
Albumin (gr/dL) 2.8+0.6 3.54+0.7 F=17.157 0.001
Lymphocyte (/mm’) 1478.8+0.865 1723.6+0.874 F=14.448 0.003
Platelet (uL) 265029.1+88898.9 232079.3+101.630  F=2.361 0.128
CRP (mg/L) 16.0 (3.14-76.0) 11.0 (5.1-58.7) 7=2.677 0.047
Fibrinogen (mg/dL) 370.7£125.9 266.8+155.2 F=3.804 0.042
CEA (ng/mL) 38.5 (18.7-56.2) 13.5(5.7-52.8) 7=3.504 0.001
CA 19-9 (U/mL) 103.0 (55.0-312.5) 97.3 (57.0-272.0) 7=0.541 0.614
Tumor size (cm) 5.9+2.7 6.2+3.2 F=0.805 0.652
Lymph nodes 27.3£11.2 26.1+10.6 F=1.018 0.641
Metastatic lymph nodes 6.3 (4.66-9.26) 4.2 (2.39-6.57) F=2.996 0.031
T status (T1/T2/T3/T4) 5/7/121/7/23 2/4/11/12 ¥=3.052 0.802
N status (NO/N1/N2/N3) 20/8/6/22 10/8/2/9 );:2.621 0.758
LDN (D1 /D2 /D2+) 1/30/25 0/10/19 x=11.606 0.149
8a LN (Benign/ Malign) 43/13 19/10 t=3.229 0.038
Lymphovascular invasion (+) 43/13 22/7 ¥=5.674 0.038
Perineural invasion (+) 34/22 17/12 Y=4.411 0.042
Differentiation (Poor/Little/ Moderate/Well) 1/22/22/11 1/10/13/5 $’=3.573 0.258
Relapse (Yes/No) 18/38 8/21 t=3.398 0.027
Comorbidity (Yes/No) 29/26 14/15 U=1.897 0.437
Deceased (Yes/No) 37/18 20/9 U=2.963 0.035
Adjuvant Chemotherapy (Yes/No/ Radiotherapy) 52/4 26/3 ¥=11.259 0.016
Neoadjuvant Chemotherapy (Yes/No) 15/41 12/17 t=2.877 0.034

Chi-square (y°); One-way Anova test (F test); Independent sample t-test; Mann Whitney U test (Z test) and Kruskal-Wallis tests (U test);
CRP: C-reactive protein; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; LDN: Lymphadenectomy; LN: Lymph
nodes.
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Multivariate Cox regression analysis identified the
HALP score as an independent positive predictor of
overall survival (HR = 2.49, 95% CI: 1.294-2.487,
p< 0.001). Similarly, LCR was found to be an inde-
pendent prognostic factor favorably associated with

Adem Senturk ve ark. (et al.)

overall survival (HR = 1.298, 95% CI: 1.043-1.757,
p = 0.027). The CRP/Albumin ratio was also deter-
mined to be an independent useful predictor of over-
all survival (HR = 2.886, 95% CI: 1.831-4.396,
p=0.033) (Table 5).

Table 5. Univariate and multivariate Cox analysis for overall survival of gastric cancer patients in 85 patients.

Univariate analysis

Multivariate analysis

Variable HR (95%CI) p-values HR (95%CI) p-values
Age. 1.032 (1.008-1.282) 0.056 1.541 (0.841-3.647) 0.115
Sex: Female vs. Male 1.156 (1.075-1.526) 0.015 1.837(0.953-2.741) 0.024
Adjuvant Chemotherapy 1.896 (1.202-3.921) 0.025 1.067 (1.012-1.783) 0.031
Neoadjuvant Chemotherapy 1.363 (1.132-6.478) 0.040 2.134 (1.274-3.416) 0.047
Mortality 2.015 (1.532-5.791) 0.038 2.711 (1.327-4.673) 0.001
Lymph nodes 1.054 (1.012-1.096) 0.010 1.819 (1.317-1.928) 0.001
8aLN 3.899 (1065-6.273) 0.037 2.011(1.231-3.722) 0.017
CRP 1.785 (1.465-2.278) 0.013 1.907(1.480-2.165) 0.001
Hb 1.776 (1.571-3.056) 0.017 2.115 (1.709-2.755) 0.013
Albumin 0.723(0.334-0.968) 0.010 0.944 (0.663-0.999) 0.006
Platelet 2.852(1.142-3.877) 0.042 2.942 (1.109-5.231) 0.039
Differentiation 0.964 (0.535-0.996) 0.171 1.479 (1.075-1.710) 0.124
T Status 2.847 (1.647-5.134) 0.014 2.588 (1.368-4.763) 0.037
N Status 1.029 (1.001-2.276) 0.008 1.632 (1.277-1.927) 0.022
HALP ((<28.61/>28.61) 2.521 (1.583-5.911) 0.001 2.497 (1.294-2.487) 0.001
LCR (£1.97/>1.97) 1.266 (1.136-1.701) 0.037 1.298 (1.043-1.757) 0.027
Crp/Albumin (<3.41/>3.41) 2.480 (1.243-2.295) 0.026 2.886 (1.831-4.396) 0.033
Recurrence 3.184 (1.733-6.911) 0.001 3.699 (1.911-6.429) 0.001
Metastatic lymph nodes -1.224 (1.015-2.843) 0.033 -3.522 (2.271-4.326) 0.001
Tumor size -0.983 (0.860-0.999) 0.023 -2.478(1.012-3.148) 0.012
Lymph Vascular Invasion -2.342 (1.475-3.814) 0.029 -2.268 (1.517-2.833) 0.047
Perineural invasion -1.713 (1.122-2.621) 0.041 -1.742 (1.245-2.683) 0.038

CRP: C-reactive protein; CEA: Carcinoembryonic antigen; CA 19-9: Carbohydrate antigen 19-9; HALP score: Hemoglobin (gr/dL) x
Albumin (gr/dL) x Lymphocyte (count/ul) / Platelet (count/pl); LCR score: Lymphocyte (count/pl) / CRP (mg/L); LDN: Lymphadenecto-

my.

DISCUSSION AND CONCLUSION

The systemic inflammatory response has gained
recognition as an influential predictor of cancer
prognosis, and hematologic and biochemical mark-
ers have been increasingly integrated as prognostic
indicators."

In our study, we evaluated 85 patients with GC and
demonstrated that the HALP (Hemoglobin, Albu-
min, Lymphocyte, Platelet) score, LCR
(Lymphocyte-to-C-Reactive  Protein ratio), and
CRP/Albumin ratio can serve as novel prognostic
markers for locally advanced GC. Models incorpo-
rating these markers effectively identified patients at
higher risk of poor survival. We observed that the
mean overall survival of the patients was 31.5+22.6
months, aligning well with values reported in the
literature.'*

The HALP score has recently emerged in the litera-
ture as a novel prognostic biomarker across various
malignancies.'®'>'® Anemia, often manifesting as a
paraneoplastic syndrome in patients with upper gas-
trointestinal cancers such as gastric and esophageal
cancers, is typically exacerbated by oral intake is-
sues and chronic tumor bleeding.'® Platelets, by se-
creting vascular endothelial growth factor (VEGF),

play a significant role in promoting angiogenesis,
which may facilitate tumor metastasis.'” HALP has
been linked to prognosis in various cancers, includ-
ing pancreatic adenocarcinoma, colorectal, bladder,
esophageal, kidney, and small-cell lung cancers.'® In
our study, we found a significant negative correla-
tion between HALP scores and the number of meta-
static lymph nodes as well as tumor size (p<0.05).
Additionally, we observed significant associations
between HALP scores and both lymphovascular
invasion and perineural invasion (p<0.05). Numer-
ous studies have underscored the prognostic im-
portance of the HALP score; for instance, Sargin and
Diisiinceli reported that a low HALP score indicates
a poorer prognosis in GC patients.'’

The LCR, calculated by dividing the lymphocyte
count by the CRP level, is significantly associated
with prognosis in digestive system cancers.”” As an
inflammation marker, LCR is a reliable predictor of
overall survival in GC, with low preoperative LCR
values linked to worse survival outcomes and ad-
vanced cancer stages.”’ In addition, lymphovascular
invasion, defined by the infiltration of tumor cells
into lymphatic or blood vessels, is a critical route for
tumor dissemination and serves as an independent
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prognostic factor in resectable GC, particularly in
stage NO patients.”> In our study, we observed sig-
nificant associations between LCR values and lym-
phovascular invasion (p<0.05), as well as between
mean LCR scores and survival, tumor size, metastat-
ic lymph nodes count, N 0-1 stages, perineural inva-
sion, mortality, and recurrence (p<0.05).

The CRP/Albumin ratio is employed in various
prognostic scoring systems to assess survival and
treatment efficacy among cancer patients.” In our
study, we found that the CRP/Albumin ratio repre-
sents a promising prognostic marker for locally ad-
vanced GC. Toyokawa et al- previously reported that
the CRP/Albumin ratio is an independent predictor
of overall survival in stage III GC patients.>* Moreo-
ver, Liu et al. observed that higher serum albumin
levels reduce mortality among cachectic cancer pa-
tients, thus underscoring albumin as a valuable prog-
nostic indicator.”> Lymph node involvement and
metastatic spread are among the most significant
prognostic factors in GC.** Non-randomized studies
conducted in Japan and other countries have indicat-
ed that high lymph node involvement (=20%) is as-
sociated with poor prognosis; thus, extensive lymph
node dissection could enhance survival by increas-
ing the number of metastatic lymph nodes re-
moved.”’ In our study, we noted that the mean num-
ber of lymph nodes removed was 26.9+11.1, with a
mean of 6.2+7.7 metastatic nodes, consistent with
literature findings that highlight the impact of lymph
node positivity on survival.

Considering that CRP elevation is associated with
the characteristics of cancer, the most important way
to change the CRP/Albumin ratio is to change the
albumin value. Low albumin levels due to malnutri-
tion are common in GCs.

Systemic inflammatory responses associated with
cancer are critical indicators of tumor progression.
Inflammation plays a significant role not only within
the local tumor microenvironment but also systemi-
cally, influencing tumor biology.”® These responses
often involve changes in the secretion of cytokines,
hormones, growth factors, and acute-phase pro-
teins.”” Recent studies have highlighted that bi-
omarkers such as CRP, complete blood count, albu-
min, and serum inflammation-based scores can re-
flect the systemic inflammatory state and predict
prognosis in cancer patients.”® All these molecular
pathways support our study.

This study has some limitations. A major limitation
is that it is a retrospective and single-center study. In
addition, the relatively small sample size and incom-
plete follow-up records further limit the generaliza-
bility of our findings. Nonetheless, our study is sig-
nificant in that it represents one of the few analyses
evaluating the prognostic values of HALP, LCR,
and CRP/Albumin inflammatory markers concur-
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rently in relation to recurrence and survival among
GC patients. Future prospective multicenter studies
are warranted to elucidate better the relationship
between these inflammatory markers, postoperative
changes, and prognosis in GC.

In conclusion, our findings indicate that the preoper-
ative inflammatory markers HALP, LCR, and
Albumin ratios are effective adjunctive tools for
predicting postoperative overall survival and recur-
rence in patients with GC. Integrating these markers
with conventional diagnostic tools may enhance
prognostic accuracy. Given their low cost, accessi-
bility, and ease of use, these markers hold potential
for broader clinical application. However, further
prospective, multicenter studies are necessary to
confirm their clinical utility and validate their role in
routine practice.
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ABSTRACT

Objective: Sleep disorders frequently manifest in indivi-
duals with coronary heart disease (CHD). Evaluating sleep
quality in these patients is crucial for devising effective
healthcare interventions. This study aimed to assess the
impact of long-term *home-based* lavender inhalation on
sleep quality among individuals diagnosed with CHD.
Materials and Methods: A randomized controlled trial
involving two groups was conducted in the cardiology
clinics of a university hospital in 2023. Sixty-four patients
(32 in the experimental group and 32 in the control group)
were enrolled. Data collection utilized the Personal Infor-
mation Form and the Pittsburgh Sleep Quality Index
(PSQI). The experimental group received lavender oil
inhalation for one month. The PSQI was administered to
both groups at the study's commencement and conclusion
(pre-test and post-test, respectively).

Results: A statistically significant difference was obser-
ved between the pretest and posttest PSQI scores in the
experimental group (p=0.000). Furthermore, the posttest
PSQI mean scores of the experimental group were found
to be significantly lower than those of the control group
(p=0.004).

Conclusions: Lavender inhalation demonstrated an en-
hancement in sleep quality among patients with CHD. To
the best of our knowledge, this is the first randomized
controlled study to evaluate sleep quality in CHD patients
through a one-month lavender inhalation program conduc-
ted entirely at home. These findings contribute to the lite-
rature and are recommended for health practices.
However, considering limitations such as its single-center
design, it is important that the findings are supported by
studies in broader populations and over longer durations.
Keywords: Aromatherapy, coronary heart diseases, laven-
der oil, sleep quality

(0Y7

Amag: Uyku bozukluklari, koroner kalp hastaligi (KKH)
olan bireylerde sik¢a goriilmektedir. Bu hastalarda uyku
kalitesinin degerlendirilmesi, etkili saglik miidahalelerinin
geligtirilmesi agisindan dnemlidir. Bu ¢aligmanin amaci,
KKH tanis1 konmug bireylerde uzun siireli *ev temelli*
lavanta inhalasyonunun uyku kalitesi iizerindeki etkisini
degerlendirmektir.

Materyal ve Metot: Bu caligma 2023 yilinda bir {iniversi-
te hastanesinin kardiyoloji kliniklerinde iki gruplu, rando-
mize kontrollii olarak yiiriitiilmiistiir. Calismaya 64 hasta
katilmigtir (32 deney grubu, 32 kontrol grubu). Veri topla-
ma aract olarak Kisisel Bilgi Formu ve Pittsburgh Uyku
Kalitesi Indeksi (PUKI) kullamlmustir. Deney grubuna bir
ay boyunca lavanta yag: inhalasyonu uygulanmistir. PU-
KI, her iki gruba da ¢alismanin baglangicinda ve sonunda
(swrastyla On test ve son test) uygulanmustir. ]
Bulgular: Deney grubunda 6n test ve son test PUKI puan-
lar1 arasinda istatistiksel olarak anlamli bir fark gézlenmis-
tir (p=0.000). Ayrica, deney grubunun son test PUKI orta-
lama puanlari, kontrol grubu puanlarindan anlamli derece-
de diisiik bulunmustur (p=0.004).

Sonug: Lavanta inhalasyonun, KKH olan bireylerde uyku
kalitesinde iyilesme sagladig tespit edilmistir. Bildigimiz
kadariyla bu caligma, tamamen evde uygulanan bir aylik
lavanta inhalasyon programu araciligiyla KKH hastalarinda
uyku kalitesini degerlendiren ilk randomize kontrollii ¢a-
lismadir. Bu bulgular literatiire katkida bulunmakta ve
saglik uygulamalari i¢in Onerilmektedir. Ancak, ¢aligma-
nin tek merkezli olmast gibi sinirliliklar g6z 6niine alindi-
ginda, bulgularin daha genis popiilasyonlarda ve uzun
siireli ¢alismalarla desteklenmesi 6nemlidir.

Anahtar Kelimeler: Aromaterapi, koroner kalp hastalik-
lar1, lavanta esansiyel yagi, uyku kalitesi
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INTRODUCTION

It is estimated that approximately 17.9 million peo-
ple in the world die each year due to coronary heart
disease (CHD) and stroke, a figure anticipated to
escalate to 23.3 million by 2030." CHD significantly
impacts quality of life, morbidity, and mortality.
Sleep disorders frequently affect patients with
CHD.?

Sleep, a complex biobehavioral phenomenon, pro-
foundly affects psychological well-being, quality of
life, morbidity, and mortality in chronic disease suf-
ferers.? In individuals with sleep problems, the auto-
nomic nervous system and hypothalamic-
adrenocortical axis are activated, and immune func-
tions are impaired. These issues also contribute to
systemic inflammation, elevating the risk of meta-
bolic syndrome, type 2 diabetes, hypertension, cardi-
ovascular diseases, and premature mortality.* Sleep
disruptions hinder tissue repair, cellular immunity,
energy balance, endocrine, and metabolic functions
vital for healing.**

Non-pharmacological methods, especially comple-
mentary alternative practices, are increasingly rec-
ommended.’ In recent years, aromatherapy is one of
the complementary therapies whose use has in-
creased significantly due to its easy and effective use
and cost savings.” Lavender, renowned for its anxio-
lytic, hypnotic, sedative, analgesic, and anticonvul-
sant properties, is a widely used aromatic herbal oil
in aromatherapy.® It has also been reported to im-
prove sleep quality and reduce pain and anxiety.”®
Although various non-pharmacological methods
have been studied to improve sleep in CHD pa-
tients,” to date there has been no randomized con-
trolled trial evaluating the long-term effect of laven-
der inhalation performed entirely in the home envi-
ronment. On the other hand, lavender oil inhalation
studies, including a one-month home-based inter-
vention, are available in the literature in different
populations.'

However, this study addresses this gap by imple-
menting a one-month home-based intervention that
reflects a real and sustainable approach to self-care
for individuals with CHD. Assessing sleep quality in
these patients is crucial for planning effective
healthcare interventions. Therefore, this study aimed
to evaluate the impact of long-term home-based lav-
ender inhalation on sleep quality among individuals
diagnosed with CHD.

MATERIALS AND METHODS

Ethical Considerations: The study adhered to the
principles outlined in the Helsinki Declaration. Ap-
proval was obtained from the Ethics Committee for
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Scientific Research and Publication of Isparta Ap-
plied Sciences University (Date: 12.01.2023, deci-
sion no: 131/07). Institutional approval to conduct
the study was also obtained from the Chief Physi-
cian of Cukurova University Balcali Hospital (E-
59565534-010.01-679091). Prior to participation, all
patients were duly informed about the study's objec-
tives, emphasized the voluntary nature of their in-
volvement, and assured of their right to withdraw at
any point. Patients were explicitly notified that their
participation or withdrawal would not influence their
ongoing treatment and care. Informed consent was
obtained from all of the participants. This study was
registered in ClinicalTrials.gov under the registra-
tion number (ID: NCT05704946).

Trial Design: This investigation followed a random-
ized controlled interventional design, adhering to the
guidelines outlined in the Consolidated Standards of
Reporting Trials (CONSORT).

Participants and Sample Size: The population of
the study encompassed patients diagnosed with
CHD receiving treatment at the cardiology clinic of
a university hospital in 2023. The sample was con-
stituted of individuals aged 85 and below, literate,
not hearing impaired, not having coagulation disor-
der, migraine, and chronic headaches, not allergic to
lavender (Lavandula angustifolia), not receiving any
sleep-related medical treatment and who agreed to
participate. Patients who experienced asthma prob-
lems or allergic reactions related to inhalation, such
as respiratory distress, cough, and nausea, or ex-
pressed a desire to withdraw from the study, were
planned to be excluded from the study. However, no
patient withdrew from the study due to these reasons
(n=0). In this study, based on the research conducted
by McDonnell & Newcomb, the number of samples
for each group was calculated as 26 for the inde-
pendent sample t-test with an effect size of 0.8, 5%
margin of error and 80% power using the G*Power
3.1.9.7 programme."" Considering the possibility of
data loss, the number of samples for each group was
increased by 20%, and it was planned to include 32
patients for each group. One patient in the experi-
mental group was lost to follow-up due to failure to
communicate, and two patients in the control group
were lost to follow-up because they refused to be a
voluntary participant in the study. The study was
completed with a total of 61 patients, 31 of whom
were in the education group and 30 in the control
group (Figure 1). A post-hoc power analysis deter-
mined this study's power to be 84% with an effect
size of 0.77 and a margin of error of 0.05.
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Assessed for eligibility (n=72)

Excluded (n=8)
* Not meeting inclusion criteria
» (n=7)

* Declined to participate (n=1)

Randomized (n=64)
Analysis (n=61)

.

Experimental l

[ Atocatin

l Control

Allocated to intervention (n=32)
* Received allocated intervention (n=32)

* Did not receive allocated intervention (n=0)

Allocated to control (n=32)
* Received routine care (no intervention) (n=32)
* Did not receive allocated routine care (n=0)

l Follow-up l

Lost to follow-up (n=1)
* Failed to communicate (n=1)

Lost to follow-up (n=2)
* Refusal to be a voluntary participant (n=2)

. o,

Analysed (n=31)
* Excluded from analysis (n=0)

Analysed (n=30)
* Excluded from analysis (n=0)

Figure 1. CONSORT flow diagram.

Outcome Measures: Data collection for this study
involved the utilization of two instruments: the Per-
sonal Information Form and the Pittsburgh Sleep
Quality Index (PSQI).

The Personal Information Form, developed by the
researchers, encompassed 10 queries pertaining to
sociodemographic characteristics, specific health
attributes, and medication usage associated with
CHD.

The PSQI is a self-report scale developed by Buysse
et al. for the assessment of sleep quality and sleep
disturbance over the past month.'? The validity and
reliability of the PSQI were subsequently investigat-
ed by Agargiin et al."> PSQI comprises 24 questions
designed. The first 19 questions are self-
administered by the participants and cover subjec-
tive sleep quality, sleep duration, sleep latency, sleep
disorders, habitual sleep efficiency, sleep medication
use, and daytime dysfunction, making up 7 compo-
nents in the index. PSQI scores of <5 indicate good
sleep quality, while scores exceeding 5 indicate poor
sleep quality. However, in this study, the Cronbach's
alpha coefficient for the scale was determined to be
0.85.

Data Collection: Data were collected in 2023. The
study was carried out with two groups, control and
experiment. Randomization occurred subsequent to

interviews with willing participants who were infor-
med about the study's objectives.

Randomization and Blinding: Participants were
allocated to the experimental (n = 32) and control (n
= 32) groups using block randomization with a block
size of 4 through the website (https://
www.randomizer.org/). The random allocation se-
quence was concealed using closed envelopes to
ensure blinding. The sequence and allocation details
were securely managed by an independent nurse
who was not involved in data collection or analysis.
Participants were enrolled by the primary researcher,
who was unaware of the allocation sequence.
Throughout the study, participants were blinded to
their group assignments, and the researchers respon-
sible for outcome assessments were also blinded to
the group allocations.

Intervention: Participants were interviewed upon
admission to the clinic, and written informed con-
sent was obtained. They were then asked to com-
plete the Personal Information Form and the PSQI
questionnaire. Participants were instructed to use a
chosen nickname when completing the question-
naire, which would be used for the final evaluation.
In this study, Rosense brand lavender oil (30 mL,
Isparta lavender) produced from the Lavandula an-
gustifolia species, which is the most widely utilized
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and referenced species in the health field,"* was
used. In addition, lavender is known for its anxioly-
tic and sedative properties and has been shown to
improve sleep quality.®’ It was preferred due to its
potential positive effects on sleep problems com-
monly seen in CHD patients, its safe profile, and its
potential to increase patient compliance.*'! Further-
more, a review of the literature indicates that it is
frequently administered via the inhalation met-
hod.”'* *1® The selection and dosage of the oil were
determined in consultation with a phytotherapy
expert. The researcher provided detailed instructions
on the lavender oil application technique. The pati-
ents were informed that they should apply two drops
of lavender oil to the lower right side and two drops
to the lower left side of their pillows approximately
20 to 30 minutes before going to sleep each night for
one month following their discharge. For patients
who utilized double pillows, they were specifically
instructed to apply lavender oil to the pillow they
slept on. In particular, lavender oil was applied to
the underside of the pillow, thus preventing the pati-
ent from being disturbed by odor intensity or skin
contact. Participants in the intervention group were
encouraged to contact the researcher via a provided
phone number if they had any questions or experien-
ced any issues during the application period.

No intervention was applied to the control group,
and they were instructed to maintain their normal
sleep habits for one month. Both groups were con-
tacted by the researcher every Friday to monitor
progress. In the follow-up process for the experi-
mental group, adherence to the lavender oil applica-
tion was evaluated, and participants were encoura-
ged to maintain compliance. The follow-up for the
control group, on the other hand, aimed to confirm
that participants sustained their existing sleep habits
during the study period and ensured their continued
participation. At the end of the fourth week, partici-
pants completed the PSQI questionnaire online using
their chosen nicknames. Upon the completion of
data collection, participants were thanked for their
participation. To ensure ethical compliance, partici-
pants in the control group were provided with the
same materials used in the experimental group after
the study concluded, along with instructions on how
to use the lavender oil in the same manner.
Statistical Analysis: Statistical analyses for the study
were conducted using IBM SPSS Statistics 24. Data
normality was confirmed via skewness and kurtosis
values; thus, parametric tests were employed. Data
interpretation involved frequency tables and descrip-
tive statistics for participant characteristics; the inde-
pendent samples t-test for between-group compari-
sons; and the Paired Samples t-test for within-group
pre-post PSQI comparisons. Additionally, a 2 test
was applied to compare categorical baseline varia-
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bles and to explore associations between qualitative
variables. A p-value < 0.05 was considered statisti-
cally significant.

RESULTS

According to the descriptive characteristics of the
groups, the mean age in the experimental group was
65.55 + 10.54, while it was 67.07 + 9.58 in the con-
trol group (p = 0.559). The duration of coronary
heart disease was equal in both groups, with a mean
of 7.00 years (experimental: £6.31; control: +6.70).
In the experimental group, 15 patients (48.4%) were
male and 16 (51.6%) were female, while in the con-
trol group, 18 patients (60.0%) were male and 12
(40.0%) were female (p = 0.363). Regarding educa-
tion level, 12 patients in the experimental group had
completed primary school, 12 had completed high
school, and 7 had university degrees; in the control
group, the corresponding numbers were 16, 10, and
4, respectively (p = 0.459). In terms of economic
status, 24 patients in the experimental group and 26
in the control group reported having an income less
than their expenses (> = 0.367, p = 0.544). Concern-
ing marital status, 19 patients in the experimental
group were married, and 12 were single, whereas 22
patients in the control group were married, and 8
were single (p = 0.316). The presence of chronic
diseases (excluding coronary heart disease) was re-
ported by 23 patients in the experimental group and
27 in the control group (p = 0.108). Regarding
smoking habits, 17 patients in the experimental
group and 18 in the control group were non-
smokers, while 10 patients in each group quit smok-
ing (p = 0.804). As for exercise status, 9 patients in
the experimental group and 10 in the control group
reported engaging in regular physical activity (p =
0.717) (Table 1).

Regarding drug use, no statistically significant dif-
ferences were found between the experimental and
control groups in terms of anticoagulant use (80.6%
vs 80.0%, p=0.949), beta-blocker uses (74.2% vs
66.7%, p=0.519), diuretic use (71.0% vs 63.3%,
p=0.525), ACE inhibitor use (67.7% vs 56.7%,
p=0.372), cardiac vasodilator use (61.3% vs. 56.7%,
p=0.714), statin use (51.6% vs. 53.3%, p=0.893),
and cardiac glycoside use (22.6% vs. 6.7%, p=0.80)
(Table 2).

The pre-test and post-test PSQI scores within the
control group showed no statistically significant
difference (p=0.089). However, within the experi-
mental group, there was a significant difference was
observed between pre-test and post-test PSQI scores
(p=0.000). Notably, the post-test mean scores for the
experimental group were lower than their pre-test
scores. During the pre-test, no statistically signifi-
cant difference between groups was observed in
mean scores (p=0.491). However, during the post-
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Table 1. Comparison of descriptive characteristics of the patients.
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Experimental Control Group Test
Group (n=31) (n=30)
Age, mean+SD [Min-Max] 65.55+10.54 [44-85] 67.07+9.58 [48- =-0.588"
85] p=0.559
CHD duration (year), mean+SD [Min-Max] 7.00+6.31 [1-20] 7.00+6.70 [1-21] t=-0.420"
=0.676
Sex, n (%) Male 15 (48.4) 18 (60.0) $’=0.828"
Female 16 (51.6) 12 (40.0) p=0.363
Education level, n (%) Primary school 12 (38.7) 16 (53.3) 21 555°
High school 12 (38.7) 10 (33.3) x —0.459
University 7 (22.6) 4(13.3) p=0.
Economic situation, n (%)  Income less than expenses 24 (77.4) 26 (86.7) ¥*=0.367"
Income equal to expenses 7 (22.6) 4 (13.3) =0.544
Marital status, n (%) Married 19 (61.3) 22(73.3) X =1.003"
Single 12 (38.7) 8(26.7) =0.316
Chronic disease (excluding Yes 23 (74.2) 27 (90.0) $=2.577"
CHD), n (%) No 8 (25.8) 3 (10.0) p=0.108
Smoking usage status, n Yes 4(12.9) 2(6.7) 220,702
(%) No 17 (54.8) 18 (60.0) X =0.804
Quit smoking 10 (32.3) 10 (33.3) p=0.
Exercise status, n (%) Yes 9(29.0) 10 (33.3) )(2=0.132b
No 22 (71.0) 20 (66.7) p=0.717
CHD: Coronary Heart Disease; SD: Standard Deviation; a: Independent Sample-t; b: Pearson-y*
Table 2. Comparison of drugs used by patients for CHD.
Experimental Group Control Group Test
(n=31) (n=30)
Anticoagulant, n (%) Yes 25 (80.6) 24 (80.0) x=0.004*
No 6(19.4) 6 (20.0) =0.949
Beta Blocker, n (%) Yes 23 (74.2) 20 (66.7) ¥ =0.415*
No 8 (25.8) 10 (33.3) =0.519
Diuretic, n (%) Yes 22 (71.0) 19 (63.3) x=0.403"
No 9(29.0) 11(36.7) p=0.525
ACE Inhibitor, n (%) Yes 21 (67.7) 17 (56.7) ¥*=0.796"
No 10 (32.3) 13 (43.3) 310.372
Cardiac Vasodilator, n (%) Yes 19 (61.3) 17 (56.7) x=0.135?
No 12 (38.7) 13 (43.3) g:O.714
Statins, n (%) Yes 16 (51.6) 16 (53.3) x=0.018"
No 15 (48.4) 14 (46.7) p=0.893
Cardiac Glycoside, n (%) Yes 7 (22.6) 2(6.7) $’=3.070°
No 24 (77.4) 28 (93.3) p=0.80

ACE: Angiotensin Converting Enzyme, *: Independent Sample-t; *: Pearson-y’.

test, a significant difference was observed in mean
PSQI scores between the groups (p=0.004). Specifi-
cally, the experimental group exhibited a notably

lower post-test mean score compared to the control

group (Table 3).

Table 3. Comparison of the PSQI score averages of the groups.

Experimental Group Control Group Test
PSQI (n=31) (n=30)
Pre-test, mean+SD [Min-Max] 12.81+4.02 [6-19] 12.03+4.67 [5-21] t=0.694"
p=0.491
Post-test, mean+SD [Min-Max] 7.52+3.80 [3-17] 10.83+4.77 [3-20] t=-3.008"
p=0.004
Test t=6.385" t=1.759°
p=0.000 p=0.089

PSQI: Pittsburgh Sleep Quality Index; SD: Standard Deviation; a: Independent Sample-t; b: Pearson-y>.
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DISCUSSION AND CONCLUSION

Sleep disorders are addressed through a variety of
approaches, encompassing both pharmacological
and non-pharmacological methods. However, altho-
ugh pharmacologic treatments can significantly imp-
rove sleep quality, they may have side effects and
may cause addiction.'” Therefore, it is important that
non-pharmacologic methods are safer.

The investigation aimed at exploring the impact of
aromatherapy on the sleep quality of individuals
with coronary heart disease revealed a notable en-
hancement in sleep quality among patients undergo-
ing aromatherapy inhalation. Davari et al. reported
findings congruent with the present study, noting an
augmentation in sleep quality following aromathe-
rapy among cardiac patients."”> Likewise, Emami-
Sigaroudi et al. observed the efficacy of aromathe-
rapy involving lavender essential oil in averting
sleep disorders.® Lavender essential oil operates on
the limbic system, stimulating the production of y-
aminobutyric acid, particularly within the amygdala,
thereby promoting sleep initiation. Moreover, its
tranquilizing properties facilitate sleep by suppres-
sing the release of acetylcholine.'® Polonini et al.
demonstrated that the daily intranasal administration
of an essential oil blend comprising lavender and
fennel prior to sleep resulted in a notable reduction
in salivary cortisol levels and an improvement in
sleep quality.'” Her and Cho conducted a systematic
review demonstrating that aromatherapy signifi-
cantly improves sleep quality in adults and older
individuals, with additional benefits such as reduced
stress, pain, anxiety, depression, and fatigue.'® In a
clinical trial conducted by Mahdavikian et al., evalu-
ating lavender aromatherapy's effectiveness over
seven days in 105 cardiac care unit patients, signifi-
cant positive effects on sleep quality were observed
within the experimental group when compared to the
control group."

However, conflicting results exist regarding the ef-
fectiveness of aromatherapy in this context. Otaghi
et al. conducted a clinical study among patients in a
cardiac care unit, all of whom were candidates for
angiography. They administered lavender essential
oil four times (every 8 hours, starting 24 hours befo-
re angiography) but found no notable difference in
sleep quality between the intervention and control
groups.”’ Furthermore, another study involving 150
cardiac patients demonstrated that aromatherapy
massage using lavender oil did not yield a signifi-
cant difference in sleep quality compared to routine
massage over 7 days.”' These discrepancies in the
efficacy of lavender oil in enhancing sleep among
individuals with cardiovascular diseases might arise
from variations in study duration and the specific
interventions employed. While some studies did not
observe significant effects of lavender inhalation,?**!
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this study demonstrated significant improvements in
sleep quality with the extended one-month home-
based intervention.

Overall, the comprehensive review by Luo and Jiang
on aromatherapy studies provided encouraging evi-
dence supporting the efficacy of lavender in addres-
sing sleep disorders across diverse populations and
medical conditions.”? However, they underscored the
necessity for additional clinical trials employing
robust methodologies and extended intervention
durations. Such trials are crucial for forming more
evidence-based conclusions regarding the impact of
lavender on sleep-related issues and for delving dee-
per into its mechanisms of action.

In conclusion, it can be said that lavender inhalation
improves sleep quality in patients with CHD. Unlike
previous studies limited to clinical or short-term
applications,’ this study uniquely implemented a
monthly lavender inhalation protocol in the home
environment of patients in this population. This de-
sign not only increases ecological validity but also
provides insights into complementary therapies app-
licable in routine daily life. Lavender is one of the
most commonly used herbs for patients with sleep
disorders. There are various application techniques,
with inhalation being the most preferred. The mec-
hanisms likely involve lavender's known anxiolytic
and sedative properties, potentially mediated thro-
ugh the central nervous system. Given its non-
invasive, cost-effective, and easily applicable nature,
alongside its suitability for cardiac patients, lavender
essential oil serves as a promising, independent he-
althcare intervention. Healthcare professionals can
consider incorporating lavender inhalation into pati-
ent education as a simple approach to improving
sleep quality in CHD patients. However, the genera-
lizability of these findings is limited by the study’s
sample, which included only patients discharged
from a single clinic within a university hospital. Ad-
ditionally, the assessment of patients' sleep quality
was confined to the scale's items, representing a furt-
her limitation. Future studies should explore the ef-
fects of lavender inhalation over extended periods
and its potential impact on long-term cardiovascular
outcomes.

Ethics Committee Approval: The study adhered to
the principles outlined in the Helsinki Declaration.
Approval was obtained from the Ethics Committee
for Scientific Research and Publication of Isparta
Applied Sciences University (Date: 12.01.2023, de-
cision no: 131/07). Institutional approval to conduct
the study was also obtained from the Chief Physi-
cian of Cukurova University Balcali Hospital (E-
59565534-010.01-679091). Prior to participation, all
patients were duly informed about the study's objec-
tives, emphasized the voluntary nature of their invol-
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vement, and assured of their right to withdraw at any
point. Patients were explicitly notified that their par-
ticipation or withdrawal would not influence their
ongoing treatment and care. Informed consent was
obtained from all of the participants. This study was
registered in ClinicalTrials.gov under the registra-
tion number (ID: NCT05704946).

Conflict of Interest: No conflict of interest was dec-
lared by the authors.

Author Contributions: Concept — EG, SDD, SA; Su-

pervision — SA; Materials — EG; Data Collection and

Processing — EG; Analysis and Interpretation — SDD;
Writing — EG, SDD, SA.
Peer-review: Externally peer-reviewed.

Acknowledgement: The authors would like to thank

all the patients for their time and for allowing us to
collect this data.

Other Information: This study was presented at the
International Health Services Congress. The congress
took place on November 21-22, 2023, at Toros Uni-
versity in Mersin, Tiirkiye.

REFERENCES
1. World Health Organization (WHO). Cardiovas-
cular diseases. Published 2023. https://

www.who.int/en/news-room/fact-sheets/detail/
cardiovascular-diseases-(cvds). Accessed June
13,2023.

2. Tenekeci EG, Kara B. The relationship between
sleep quality and fatigue in patients with myocar-
dial infarction. Gulhane Med J. 2017;58(1):366-
372. doi:10.5455/gulhane.210780

3. Huang T, Zeleznik OA, Poole EM, et al. Habitual
sleep quality, plasma metabolites, and risk of
coronary heart disease in post-menopausal wo-
men. Int J Epidemiol. 2019;48(4):1262-1274.
doi:10.1093/ije/dyy234

4. GoOkge S, Mert H. Examination of heart failure
patient's sleep quality and related factors. J Educ
Res Nurs. 2015;12(2):113-120. doi:10.5222/
HEAD.2015.113

5. Stussman BJ, Nahin RR, Barnes PM, Ward BW.
U.S. physician recommendations to their patients
about the use of complementary health approac-
hes. J Altern Complement Med. 2020;26(1):25-
33.

6. Mendes FCO, Santos KVGD, Dantas JKDS, et
al. Non-pharmacological strategies to reduce
stress and anxiety in endovascular procedures: A
scoping review. Nurs Open. 2024;11(3).
doi:10.1002/nop2.2105

7. Kavurmaci M, Sariaslan A, Yildiz I. Determina-
tion the effects of lavender oil quality of sleep
and fatigue of students. Perspect Psychiatr Care.
2022;58(3):1013-1020. doi:10.1111/ppc.12892

8. Emami-Sigaroudi A, Salari A, Nourisaeed A, et
al. Comparison between the effect of aromathe-

Esma Goékge ve ark. (et al.)

rapy with lavender and damask rose on sleep
quality in patients undergoing coronary artery
bypass graft surgery: A randomized clinical trial.
ARYA Atheroscler J. 2021;17(1):1-9.
doi:10.22122/arya.v17i0.2064

9. Dikmen AY, Giirkan A. The effect of lavender

oil inhalation on pain, anxiety, and sleep quality
after coronary artery bypass graft: A randomized
controlled trial protocol. International Journal of
Clinical Trials, 2022, 9.3. doi:10.18203/2349-
3259.1jct20221871

10.Koca R. Effects of Sleep Hygiene Education and
Lavender Oil Inhalation on Sleep Quality, Fati-
gue, and Health-Related Quality of Life in Adults
with an Ostomy. Marmara University (Turkiye)
ProQuest Dissertations & Theses, 2024.

11.McDonnell B, Newcomb P. Trial of essential oils
to improve sleep for patients in cardiac rehabilita-
tion. J Altern Complement Med. 2019;25
(12):1193-1199. doi:10.1089/acm.2019.0222

12.Buysse DJ, Reynolds CF, Monk TH. The Pitts-
burgh Sleep Quality Index: A new instrument for
psychiatric practice and research. Psychiatry Res.
1989;28:193-213.  doi:10.1016/0165-1781(89)
90047-4

13. Agargiin M, Kara H, Anlar O. Validity and relia-
bility of the Pittsburgh Sleep Quality Index. Turk
J Psychiatry. 1996;7(1):107-115.

14.Carrasco A, Martinez-Gutierrez R, Tomas V,
Tudela J. Lavandula angustifolia and Lavandula
latifolia essential oils from Spain: Aromatic pro-
file and bioactivities. Planta Med. 2015;82(1-
2):163-170. doi:10.1055/s-0035-1558095

15.Davari H, Ebrahimian A, Rezayei S, Tourdeh M.
Effect of Lavender Aromatherapy on Sleep Qua-
lity and Physiological Indicators in Patients after
CABG Surgery: A Clinical Trial Study. Indian J
Crit Care Med 2021;25(4):429-434. doi:10.5005/
jp-journals-10071-23785

16.Peng SM, Koo M, Yu ZR. Effects of music and
essential oil inhalation on cardiac autonomic ba-
lance in healthy individuals. J Altern Comple-
ment Med. 2009;15(1):53-57. doi:10.1089/
acm.2008.0243

17.Polonini H, Mesquita D, Lanine J, et al. Intrana-
sal use of lavender and fennel decreases salivary
cortisol levels and improves quality of sleep: A
double-blind randomized clinical trial. Eur J In-
tegr Med. 2020;34:101015.  doi:10.1016/
j-eujim.2019.101015

18.Her J, Cho MK. Effect of aromatherapy on sleep
quality of adults and elderly people: A systematic
literature review and meta-analysis. Complement
Ther Med. 2021;60:102739.  doi:10.1016/
j.ctim.2021.102739

19.Mahdavikian S, Rezaei M, Modarresi M, Kha-
tony A. Comparing the effect of aromatherapy

168



Arastirma Makalesi (Research Article) Esma Goékge ve ark. (et al.)

with peppermint and lavender on the sleep qua-
lity of cardiac patients: A randomized controlled
trial. Sleep Sci Pract. 2020;4(1):10. doi:10.1186/
s41606-020-00047-x

20.0Otaghi M, Qavam S, Norozi S, Borji M, Moradi
M. Investigating the effect of lavender essential
oil on sleep quality in patients candidates for an-
giography. Biomed Pharmacol J. 2017;10(1):473-
478. doi:10.13005/bpj/1132

21.Cheraghbeigi N, Modarresi M, Rezaei M, Kha-
tony A. Comparing the effects of massage and
aromatherapy massage with lavender oil on sleep
quality of cardiac patients: A randomized cont-
rolled trial. Complement Ther Clin Pract.
2019;35:253-258. doi:10.1016/
j.ctcp.2019.101019

22.Luo J, Jiang W. A critical review on clinical evi-
dence of the efficacy of lavender in sleep disor-
ders. Phytother Res. 2022;36(6):2342-2351.
doi:0.1002/ptr.7448

169



OTJHS

Online Turkish Journal of Health Sciences

e-ISSN: 2459-1467

OTSBD

Online Tiirk Saghk Bilimleri Dergisi

Online Turkish Journal of Health Sciences 2025;10(2):170-177

Online Tiirk Saglik Bilimleri Dergisi 2025;10(2):170-177

The Relationship Between Executive Functioning and Burnout, Depressive, Anxiety and Broad
Autism Phenotype Symptoms in Parents of Children with Autism Spectrum Disorder

Otizm Spektrum Bozuklugu Olan Cocuklarin Ebeveynlerinde Yiiriitiicii islevlerle
Tiikenmislik, Depresif, Anksiyete ve Genis Otizm Fenotip Belirtilerinin Iliskisi

'Mustafa Esad TEZCAN, “Seyda Nur ispir CALTINER, *Hacer Reyyan DEMIREL,
'Beyza Nur KORUCU, *Baris Sen, “Fatih EKICi

1Department of Child and Adolescent Psychiatry, Selguk University Faculty of Medicine, Konya, Tiirkiye
2Department of Psychiatry, Selguk University Faculty of Medicine, Konya, Tiirkiye
3Department of Psychiatry, Manavgat State Hospital, Antalya, Tiirkiye

Mustafa Esad Tezcan: https://orcid.org/0000-0001-8362-1934
Seyda Nur Ispir Caltiner: https://orcid.org/0009-0003-5811-6727
Hacer Reyyan Demirel: https://orcid.org/0009-0004-6452-0790,

Beyza Nur Korucu: https://orcid.org/0009-0006-7092-1421
Baris Sen: https://orcid.org/0000-0002-3902-1816
Fatih Ekici: https://orcid.org/0000-0003-4000-7429

ABSTRACT

Objective: The aim of this study was to compare burnout,
depression, anxiety and broad autism phenotype scores in
parents of children diagnosed with autism spectrum disor-
der (ASD) with parents of typically developing (TD)
healthy children and to investigate the relationship be-
tween these scores and executive functions.

Materials and Methods: This study included 43 parents
of children diagnosed with ASD and 53 healthy controls
aged 29-40 years. Participants were evaluated with Beck
anxiety-depression inventory, Maslach burnout inventory
and Autism-Spectrum Quotient (AQ) scores. Parents were
assessed with the Structured Clinical Interview for Mental
Disorders using the Fifth Edition of the Diagnostic and
Statistical Manual of Mental Disorders and the Stroop test
was administered to assess executive functions in parents.
Results: Significantly higher anxiety, depression, burnout
and AQ scores were observed in the ASD group compared
to controls (p< 0.001). Compared to controls, the ASD
group performed significantly worse on the Stroop test
(p< 0.05). In addition, poor performance in the Stroop test
was not significantly associated with anxiety, depression,
burnout and AQ scores in the ASD group.

Conclusions: This study suggests that parents of children
with ASD may have more anxiety, depression and burnout
symptoms.

Keywords: Autism spectrum disorder, broad autism phe-
notype, burnout, executive functions, parents
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Amag: Bu cgalismanin amaci otizm spektrum bozuklugu
(OSB) tanili c¢ocuklarin ebeveynlerinde tiikenmislik,
depresyon, anksiyete ve genis otizm fenotipi skorlarini
tipik gelisen (TG) saglikli ¢ocuklarin ebeveynleri ile
karsilastirmak ve bu skorlarin yiiriitiicii islevler ile iliskile-
rini aragtirmaktir.

Materyal ve Metot: Bu caligmaya 29-40 yaslari arasinda
43 OSB tanili ¢ocuklarin ebeveynleri ve 53 TG saglikli
kontrol dahil edilmistir. Katilimcilar Beck anksiyete-
depresyon Glgegi, maslach burnout inventory ve Autism-
Spectrum Quotient (AQ) skorlari ile degerlendirilmistir.
Ebeveynler, Ruhsal Bozukluklar Tanisal ve Istatistiksel
El Kitabmnin Beginci Baskisi kullanilarak Ruhsal Bo-
zukluklar i¢in Yapilandirilmis Klinik Goriisme ile deger-
lendirilmis ve ebeveynlerde yiriitiicii islevleri deger-
lendirmek i¢in Stroop testi uygulanmugtir.

Bulgular: ASD grubunda kontrollere gore anlamli olarak
daha yiiksek anksiyete, depresyon, tiikenmislik ve AQ
skorlar1 gozlendi (p< 0,001). Kontrollerle
karsilastirildiginda, ASD grubunun Stroop testinde anlamli
olarak daha kotli performans sergiledigi gozlenmistir
(p<0,05). Ayrica ASD grubunda Stroop testindeki koti
performansin anksiyete, depresyon, tikenmislik ve AQ
skorlari ile anlamli diizeyde iliskili olmadig1 belirlenmistir.
Sonug: Bu calisma ASD’li g¢ocuklarin ebeveynlerinde
daha fazla anksiyete, depresyon ve tiikenmislik belirtileri
olabilecegini gostermektedir.

Anahtar Kelimeler: Ebeveynler, genig otizm fenotipi,
otizm spektrum bozuklugu, tilkenmislik, yiiriitiicii iglevler

Sorumlu Yazar / Corresponding Author:

Mustafa Esad Tezcan

Department of Child and Adolescent Psychiatry, Present Address:
Ardigli, Akademi, Celal Bayar St., No:313, 42250 Selguklu/Konya/
Tiirkiye

Tel.: +905317903819

E-mail: esadaxe@gmail.com

Yayin Bilgisi / Article Info:

Gonderi Tarihi/ Received: 11/04/2025
Kabul Tarihi/ Accepted: 16/05/2025

Online Yayimn Tarihi/ Published: 30/06/2025

Atif / Cited: Tezcan ME and et al. Have The Relationship Between Executive Functioning and Burnout, Depressive, Anxiety and Broad
Autism Phenotype Symptoms in Parents of Children with Autism Spectrum Disorder. Online Tiirk Saglik Bilimleri Dergisi 2025;10(2):170

-177. doi: 10.26453/otjhs. 1672755



mailto:esadaxe@gmail.com

Arastirma Makalesi (Research Article)

INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmen-
tal disorder that occurs in early childhood and is charac-
terized by persistent deficits in social communication and
interaction as well as restricted and repetitive behaviors.'
Children with ASD need additional support throughout
life, which creates extra challenges and difficulties for
parents. Parents need to learn how to manage behavior,
sleep and eating problems in children with ASD.? In this
respect, parenting skill is an important factor in child
development, and the effects of parenting stress on chil-
dren's mental, emotional and behavioral health have re-
ceived increasing attention.’ Parents of children with
ASD often experience emotional and informational gaps
and face more social challenges, such as depression, anxi-
ety and marital problems, than parents of typically devel-
oping (TD) children.* However, it has been reported that
parents of children with ASD are more likely to experi-
ence parental burnout and show higher levels of parental
burnout than parents of TD children.’ In addition, a recent
meta-analysis reported that anxiety and depressive disor-
ders are the most common psychiatric disorders in par-
ents of children with ASD.®”

Executive functioning (EF) is vital for successful parent-
ing because it enables parents to be understanding, sensi-
tive and flexible with their children. Parents draw on
these capacities when planning and modifying behavior,
responding to cues, regulating emotions in the face of
stress and challenging child behavior, solving problems
and making decisions.® In a recent study, it was observed
that there were significant differences between parents of
children with ASD and parents of TD children in alert
and executive control networks, and it was reported that
parents of children with ASD had decreased EF function-
ing.” EF impairment is also common in ASD, and given
the broad autism phenotype, family members may also
have impaired EF, and such parental research may be
important.'

The aim of this study was to understand the cognitive and
emotional differences between parents of children diag-
nosed with ASD and parents of TD healthy children and
to investigate whether the Stroop test is associated with
emotional symptoms in parents of children with ASD
using the Stroop test, Maslach burnout inventory, Beck
anxiety and depression inventory and Autism-Spectrum
Quotient. The hypothesis of the study is that parents of
children with ASD may have more emotional symptoms
and perform worse on tests of executive function than
parents of TD children.

MATERIALS AND METHODS

Ethics Committee Approval: The study was conducted in
accordance with the Declaration of Helsinki and ap-
proved by the ethics committee of the Selguk University
Faculty of Medicine (Date: 25.02.2025, decision no:
2025/04).

Study Design and Participants: Participants were recruit-
ed from the Child and Adolescent Psychiatry Outpatient
Clinic of Selguk University Faculty of Medicine. Exclu-
sion criteria included children with organic brain injury
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and head trauma, history of hypoxia-ischemia, known
genetic disorders, visual or hearing impairments, and
chronic physical illnesses. Considering these criteria,
participants diagnosed with ASD were included in the
study. The TD control group consisted of healthy chil-
dren who came to our clinic for consultation and were
randomly selected according to the exclusion criteria. The
parents of the children included in the study constitute the
main sample of the study. Parents of children with ASD
and TD healthy controls did not have chronic physical,
neurological or psychiatric diseases. The clinical evalua-
tion of the children was performed by an expert child
psychiatrist, and the parental evaluation of both groups
included in the study was performed by an expert psychi-
atrist. The sample size of the study consisted of the par-
ents of children diagnosed with ASD who presented to
the child psychiatry clinic, and the parents of TD children
who were referred for consultation but were not diag-
nosed with any neurological or psychiatric disorder. Forty
-three parents (of children with ASD) and 53 parents (of
TD controls) were included. Written informed consent
was obtained from the parents of children in both groups.
The ages of the children ranged between 6 and 9 years,
and the ages of the parents ranged between 29 and 40
years. After the examination, sociodemographic data
forms for both groups were completed by the clinician
and the EF test was measured by the clinician.

Clinical Assessment: The children in both groups were
evaluated by a certificated interview using the Schedule
for Affective Disorders and Schizophrenia for School-
Age Children, Present and Lifetime Version (KSADS-
PL) and diagnosed on the basis of the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) criteria.!" The validity and reliability of the K-
SADS-PL for Turks were confirmed by Unal et al.'?

The Structured Clinical Interview for DSM-5 mental
disorders (SCID-5) was used to systematically assess
whether parent participants currently or previously met
the criteria for psychiatric diagnoses specified in the
DSM-5. It has been shown by Elbir et al. that the Turkish
form of the SCID-5 can be used reliably both in clinical
practice and research."

The Beck Anxiety Inventory (BAI) is a self-assessment
scale developed by Beck and colleagues and used to
measure the severity of anxiety symptoms experienced by
the individual. Scores obtained from the scale range from
0 to 63, and an increase in the score obtained from the
test indicates an increase in the level of anxiety. The
Turkish validity and reliability of the scale (a = 0.93) was
conducted by Ulusoy et al.'*"3

Beck Depression Inventory (BDI), developed by Beck
and colleagues, defines depressive symptomatology. An
increase in scale score is interpreted as an increase in
clinical severity. Turkish validity and reliability (o= 0.78)
study was conducted.'®"”

The Maslach Burnout Inventory (MBI) is a 22-item Lik-
ert-type scale developed by Maslach and Jackson to as-
sess self-reported burnout symptoms. The scale consists
of three subscales (emotional exhaustion, depersonaliza-
tion and personal accomplishment). Turkish validity and
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reliability were conducted by Ergin et al. (a= 0.83 for
Emotional Exhaustion, 0.72 for Personal Accomplish-
ment, and 0.65 for Depersonalization).'®!*%

The Autism Spectrum Quotient (AQ) was developed by
Baron-Cohen et al. The AQ aims to determine the degree
to which any adult with normal intellectual capacity ex-
hibits autistic traits or has a 'broad phenotype'. The ASQ
originally consisted of five domains (social skills, atten-
tion switching, attention to detail, communication, and
imagination). The validity and reliability (a= 0.63) study
of the Turkish version of the scale was conducted by
Kose et al. >

The Stroop Test was administered to participants by a
clinician and assesses primarily complex attention and is
available in several versions. Stroop Test TBAG was
used in our study.”® The Stroop test serves as a measure
of inhibitory control and complex attention by requiring
individuals to override an automatic and dominant re-
sponse (e.g., reading the written word) in favor of a con-
flicting task (e.g., naming the color of the ink). It is also
employed to examine the interference effect, reflecting
the individual's capacity to manage competing cognitive
demands simultaneously. Validity and reliability studies
of the Stroop Test for the Turkish population were per-
formed by Karakas et al.>*

Statistical Analyses: SPSS 29.0 statistical software
(SPSS Inc., Chicago, IL) was used for statistical analysis.
Age, Stroop test and clinical assessment scales were com-
pared between the two groups using Student's t-test or
Mann-Whitney U test according to their distributional
characteristics, and sex was compared between both
groups using the Chi-square test. Skewness and kurtosis
values between -2 and +2 were used to determine the
normal distribution. The significance value was accepted
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as p < 0.05 at the 95% confidence interval. Correlations
between the Stroop test and clinical scales were also eval-
uated with Pearson (parametric values) and Spearman
(non-parametric values). Since multiple comparisons
were made, Bonferroni correction was applied to control
for type I error. In this adjustment, the significance test
for each comparison was set as p= 0.00045 and correla-
tions with a p-value below this threshold were considered
statistically significant. Effect sizes were estimated using
Cohen's d for parametric and non-parametric comparisons
and Cramér's V for categorical variables. Cohen's d effect
sizes were considered large at >0.8, intermediate at 0.5—
0.7, small at 0.2-0.4 and as having no effect at <0.2. Post
-hoc power was calculated for each clinical scale and
Stroop test by taking into account Cohen's d effect size,
sample sizes, alpha level (¢=0.05) and between-group
sample ratio.

RESULTS

Forty-three parents of participants with ASD and 53 par-
ents of TD healthy control participants, totaling 96 par-
ents, were included in the study. The mean CARS scores
of children with ASD were 31.60+5.79. There was no
statistically significant difference between both groups in
terms of age and sex. Regarding EF, Stroop whole epi-
sode durations were significantly longer in the ASD
group than in TDs. Stroop second, third, fourth and fifth
segment corrections were significantly higher in the ASD
group compared to TDs. The number of errors in the
fourth and fifth Stroop sections was significantly higher
in the ASD group compared to TDs. Regarding clinical
scales, Beck anxiety and depression inventory, Maslach
Burnout Inventory and all subscores of autism-spectrum
quotient were significantly higher in ASD group com-
pared to TDs (Table 1). The post-hoc power results of the

p=0.001

S3T

< 0.001
ey |

PCA PCT

Figure 1. Box plots of Stroop test times (ST) in both groups. PCA: Parents of children with ASD; PCT: Parents of children with

typically developing healthy controls.
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questionnaires of clinical evaluations and Stroop test in istics, Stroop test scores and scale data of the two groups
both groups are given in Table 1. Demographic character-  are shown in Table 1.

Table 1. Data on the comparison of demographic characteristics, Stroop tests and scale scores of both groups.

Parents of children Parents of chil- P tix/z d
with ASD (43) dren with TD
(33)
Age® 35.53+£3.42 35.194+4.57 0.319 -0.996 0.008
Sex, n Male 15 25 0.225 1.474 0.124*
Female 28 28
SI1T 12.18+£2.35 8.91+1.71 0.001 7.861 3.740
0.99¢
S1E - - - - -
S1C - - - - -
S21P 13.24+3.45 8.84+1.78 0.001 -6.729 2.738
0.99¢
S2E" 0.02+0.15 - - - -
s2ct 0.30+0.46 0.05+0.30 0.001 -3.453 0.625
0.85¢
S3T® 15.52+2.49 11.48+2.19 0.001 -6.982 0.171
0.99¢
S3E® - 0.010.13 - - -
S3¢C” 0.83+0.99 0.20+0.45 0.001 -3.620 0.811
0.97¢
S4T1® 20.71+6.95 14.72+3.85 0.001 -4.962 0.106
0.85¢
S4E® 0.27+0.70 0.01+0.13 0.022 -2.298 0.514
0.69¢
S4C 0.88+1.05 0.30+0.50 0.001 3.561 0.705
0.92¢
S5T 29.53+6.29 22.07+£5.07 0.001 6.430 0.130
0.96°
S5EP 0.65+1.04 0.20+0.59 0.006 -2.733 0.521
0.70¢
S5C 1.76+1.49 0.77+0.89 0.001 4.041 0.808
0.97°
Beck-D 13.62+9.34 6.45+3.07 0.001 5.253 0.731
0.99¢
Beck-A" 10.93+£10.26 3.22+3.96 0.001 -4.123 0.736
0.99¢
MBI emotional exhaustion” 11.27+8.50 4.35+3.31 0.001 -4.233 0.500
0.99¢
MBI depersonalization 3.55+£3.26 1.71£1.43 0.001 3.697 0.731
0.94¢
MBI l;)ersonal accomplish- 24.67+5.31 14.09+3.02 0.001 -7.642 0.244
ment 1.0°
AQ Social Skills” 3.20+1.79 1.41+0.92 0.001 -5.631 1.256
1.0
AQ ability to shift attention” 4.41£1.63 2.58+0.71 0.001 -6.054 1.450
1.0
AQ aning attention to de- 4.93+2.04 1.62+1.34 0.001 -7.237 1.913
tails
AQ communication® 3.02+1.48 0.98+0.86 0.001 -6.425 1.677
1.0°
AQ imagination® 3.46+1.48 1.07£1.14 0.001 -7.034 1.804
1.0¢

ASD: Autism spectrum disorder; TD: Typically developing healthy controls; Beck-D: Beck depression inventory; Beck-A: Beck anxiety
inventory; AQ: Autism-spectrum quotient; MBI: Maslach burnout inventory; S1T: Stroop 1. Part Time; S1E: Stroop 1. Part Error; SIC:
Stroop 1. Part Correction: S2T: Stroop 2. Part Time; S2E: Stroop 2. Part Error; S2C: Stroop 2. Part Correction: S3T: Stroop 3. Part Time;
S3E: Stroop 3. Part Error; S3C: Stroop 3. Part Correction: S4T: Stroop 4. Part Time; S4E: Stroop 4. Part Error; S4C: Stroop 4. Part Correc-
tion: S5T: Stroop 5. Part Time; S5C: Stroop 5. Part Correction: S5E: Stroop 5. Part Error; d: Cohen’s d effect size. “Cramer’s V effect size;
®Mann-Whitney U; “Post-hoc power analysis.
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ox plots of Stroop test times in both groups are shown in
Figure 1.

No significant correlation was observed between Bonfer-
roni correction and the Stroop test and all other clinical
variables (Table 2).

Table 2. Correlation coefficients between clinical scale scores and Stroop test subscores.

= =g > =~ >
<f - BE 39§ & B & I3 o0& &
S1t p 0.235 0.972 0.022 0.054 0.879 0.004 0.626 0.648 0.012 0.008
r 0.185 0.005 0.348 0.296 0.024 0.431 -0.076 -0.072 0.380 0.397
St p 0.065 0.225 0.022 0.084 0.782 0.005 0.935 0.653 0.072 0.105
r 0.284 -0.189 0.348 0.267 0.044 0.417 0.013 -0.071 0.277 0.251
S2¢ p 0.019 0.323 0.007 0.001 0.149 0.056 0.361 0.431 0.015 0.273
r 0.355 0.154 0.406 0.483 0.224 0.294 0.143 0.123 0.368 0.171
S3T p 0.009 0.956 0.293 0.978 0.900 0.006 0917 0.805 0.038 0.010
r 0.395 0.009 0.164 0.004 0.020 0.413 -0.016 0.039 0.317 0.390
S3¢ p 0.062 0.201 0.063 0.403 0.048 0.064 0.301 0.349 0.093 0.818
r 0.287 0.199 0.286 0.131 0.304 0.285 -0.161 0.146 0.259 0.036
S47 p 0.542 0.725 0.125 0.094 0.191 0.123 0.172 0.625 0.167 0.014
r 0.096 -0.055 0.238 0.258 0.203 0.239 -0.212 -0.077 0.215 0.372
S4F p 0.314 0.070 0.033 0.080 0.691 0.197 0.986 0.821 0.640 0.082
r 0.157 0.279 0.325 0.270 0.062 0.201 0.003 0.036 0.073 0.269
S4¢ p 0.011 0.981 0.003 0.007 0.473 0.020 0.291 0.588 0.092 0.948
r 0.386 0.004 0.438 0.408 0.112 0.354 -0.165 0.085 0.261 -0.010
SsT p 0.025 0.971 0.166 0.138 0.642 0.020 0.569 0.011 0.076 0.007
r 0.340 0.006 0.215 0.230 -0.073 0.353 -0.089 -0.383 0.273 0.403
SsE p 0.219 0.121 0.022 0.120 0.741 0.003 0.809 0.351 0.010 0.138
r 0.191 -0.240 0.349 0.240 0.052 0.447 -0.038 -0.146 0.389 0.230
S5¢ p 0.016 0.380 0.731 0.722 0.943 0.423 0.843 0.463 0.107 0.349
r 0.365 0.137 0.054 -0.056 0.011 0.125 0.031 -0.115 0.249 0.146

Beck-D: Beck depression inventory; Beck-A: Beck anxiety inventory; MBI: Maslach burnout inventory; EE: Emotional exhaustion; DP:
Depersonalization; PA: Personal accomplishment; AQ: Autism-spectrum quotient; SS: Social skills; Co: Communication; I: Imagination;
ASA: Ability To Shift Attention; PAD: Paying Attention To Details; SI1": Stroop 1. Part Time; S27: Stroop 2. Part Time; S2¢: Stroop 2.
Part Correction: S3": Stroop 3. Part Time; S3: Stroop 3. Part Correction: S4": Stroop 4. Part Time; S4": Stroop 4. Part Error; S4°: Stroop
4. Part Correction: S5": Stroop 5. Part Time; S5 Stroop 5. Part Correction: S5%: Stroop 5. Part Error: After multiple comparisons with

Bonferroni correction, corrected with a threshold value of p 0.00045.

DISCUSSION AND CONCLUSION

In this study, self-reported depression, anxiety, AQ and
burnout levels and Stroop test performance of parents of
children with ASD were compared with parents of TD
healthy children and the relationship between Stroop test
and self-reported depressive, anxiety and burnout symp-
toms in the ASD group was evaluated. To our
knowledge, this is the first study to examine the relation-
ship between the Stroop test and anxiety, depression,
burnout symptoms and AQ scores in parents of children
with ASD. Parents of children with ASD included in the
study did not have any psychiatric disorder according to
DSM-5. For this study, post-hoc power analysis showed
that the sample size may be adequate for the Stroop test,
AQ, burnout, depression and anxiety scales.

Stroop whole segment durations were significantly longer
in the ASD group than in TDs. Stroop second, third,
fourth and fifth segment corrections were significantly
higher in the ASD group compared to TDs. The number

of errors in the fourth and fifth Stroop sections was sig-
nificantly higher in the ASD group compared to TDs.
Regarding clinical scales, Beck anxiety and depression
scores, Maslach Burnout Inventory and all sub-scores of
autism-spectrum quotient were significantly higher in the
ASD group compared to TDs.

As shown in a recent meta-analysis, burnout, anxiety and
depression levels were significantly higher among parents
of children with ASD compared to the control group.”*
It has been reported that parents with a child with ASD
experience high levels of stress, stigmatization and hope-
lessness, which can lead to burnout.? Caring for children
with ASD can be extremely challenging, as treatment and
interventions for children with ASD are lengthy process-
es and children with ASD face more challenges in school
and employment. Because of this, parents experience
great stress and difficulties, and as a result, parenting
stress turns into parental burnout.”’” The fact that parents
of children with ASD experience more anxiety, depres-
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sion and burnout symptoms than TDs may suggest that
caring for children with ASD may be more difficult. It
may also indicate that these parents should be supported
with closer monitoring to enable more favorable living
conditions when caring for children with ASD. Further
follow-up studies are needed to understand this issue
more clearly and to understand which psychiatric disor-
ders may develop in these parents during clinical follow-
up.

In various studies, it has been reported that parents of
children with ASD have higher scores on AQ subscores
than parents of TD children.?® Sensory processing diffi-
culties (labelled as a broad autism phenotype), like many
autism-related traits and atypicalities, have been reported
among unaffected relatives of individuals with ASD,
including parents. A significantly higher proportion of
parents of children with ASD compared to parents of TD
children (21.1% vs. 7.5%) were members of the broad
autism phenotype (BAP) group, suggesting that higher
AQ scores in first-degree relatives of children with ASD
compared to the TD group may be a reflection of the
BAP.? Although the high AQ scores observed in parents
of children with ASD suggest that these family members
may be affected by the BAP, this was not clearly demon-
strated in our study. Beyond subjective measurements to
understand the BAP, supporting this phenotype with ge-
netic studies may allow this to be more clearly demon-
strated. In this respect, the fact that parents of children
with ASD are affected by this phenotype may also affect
their ability to care for these children. Therefore, there is
a need for further studies, including genetic analyses with
a larger sample size, when evaluating parents of children
with ASD.

EFs are vital for successful parenting because they enable
parents to be understanding, responsive and flexible.
Parents draw on these capacities when planning and mod-
ifying behavior, responding to cues, regulating emotions
in the face of stress and challenging child behavior, solv-
ing problems and making decisions. Mothers with low
attentional control have been reported to exhibit harsher
and more negative parenting.”” In our study, parents of
children with ASD had worse executive functioning skills
compared to TD, which may refer to the BAP. Whether
this finding is associated with a BAP has not been clearly
demonstrated. Therefore, there is a need for more ad-
vanced EF tests and repeated EF measurements when
evaluating executive functions in parents of children with
ASD.

In our study, no significant correlation was observed
between the Stroop test and other clinical variables. This
finding may be related to the complexity of parental
burnout and mental health. It may also suggest that the
results are influenced by multiple factors beyond perfor-
mance on a single executive function test. Additionally,
the relatively small sample size may have affected the
relationship between executive functions and clinical
variables. Further research with a larger sample and the
inclusion of more advanced executive function tests is
needed to better understand the potential implications of
these findings, particularly in terms of developing target-
ed support or interventions that consider both the psycho-
logical burden and possible executive function difficulties
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in these parents.

The strengths of our study include the inclusion of par-
ents and children in both groups. To our knowledge, this
is the first study to examine the relationship between the
Stroop test and anxiety, depression, burnout, and broad
autism phenotype symptoms in parents of children with
ASD. However, this study also has limitations. In our
study, ASD was DSM-5 and special assessment tools
such as the autism diagnostic observation schedule and
the autism diagnostic interview were not used. However,
parental assessment was cross-sectional and psychiatric
disorders that may occur in follow-up studies were not
examined. In parental assessment, subjective question-
naires were used to determine clinical symptomatology,
and blood and tissue examination and genetic analysis
were not performed. In the parent assessment, only one
parent of the child was assessed. Due to the limited num-
ber of participants, no sex-specific assessment was made
for parents. In the evaluation of executive function, only
the Stroop test was performed because it is performed in
a shorter time in clinical practice, and other EF tests were
not performed. We could not perform multiple correction
in our study. We did not control for potential confounders
such as age, sex, socioeconomic status and BMI, which
could have influenced the results of the study. In our
study, we could not evaluate child-parent interaction in
further analysis. Future research could address this limita-
tion by linking child-parent interaction in ASD etiopatho-
genesis with genetic analyses. In the assessment of family
members in the context of the BAP, only parents were
assessed; siblings and other relatives were not assessed.
In conclusion, parents of children with ASD performed
significantly worse on the Stroop test than parents of TD
children. Parents of children with ASD had higher anxie-
ty, depression, burnout and AQ scores. In addition, the
Stroop test was not significantly associated with anxiety,
depression, burnout and AQ scores. These findings sug-
gest that parents of children with ASD may show more
internalizing symptoms and experience more burnout due
to this. However, further studies are needed to understand
the ability of EF deficits to predict clinical symptomatol-
ogy in parents of children with ASD and their potential
role in this regard.
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ABSTRACT

Objective: Sharp instrument injuries constitute a signifi-
cant occupational risk for nursing students, exposing them
to blood-borne pathogens. This study aimed to investigate
the prevalence, causes, and outcomes of sharp instrument
injuries among fourth-year nursing students during their
clinical training.

Materials and Methods: This prospective and descriptive
study was conducted with 190 fourth-year nursing stu-
dents at a university in Tirkiye during the 2022-2023
academic year. Students were divided into two groups,
each completing a 14-week clinical placement in either
the fall or spring semester. Data were collected using a
structured case reporting form and analyzed with descrip-
tive statistics.

Results: Sharp instrument injuries occurred in 14.7% of
students. The most frequent procedures leading to injury
were subcutaneous injections (32.1%) and recapping nee-
dles (50.0%). Injuries were most common in internal med-
icine departments (39.3%) and peaked between days 21
and 40 of clinical practice (42.9%). Primary contributing
factors included carelessness (64.3%), insufficient sup-
plies (50.0%), and lack of experience (32.1%). Emotional
responses to injury included anxiety (64.3%) and fear
(50.0%). All affected students received follow-up care,
with no seroconversion for HIV, HBV, or HCV reported.
Conclusions: Sharp instrument injuries pose a notable
occupational risk for nursing students, primarily due to
inexperience, inadequate equipment, and unsafe practices.
While simulation training may lower injury rates, in-
creased confidence and speed during clinical placements
can heighten risk. Strengthening curricula on safe practic-
es, ensuring supervision, and offering emotional support
are key to reducing injuries and enhancing clinical learn-
ing.

Keywords: Nursing education, nursing students, occupa-
tional exposure, sharps injuries, workplace safety

oz

Amag: Kesici-delici alet yaralanmalari, hemsirelik 6gren-
cileri i¢in 6nemli bir mesleki risk olusturarak onlari kan
yoluyla bulagan patojenlere maruz birakmaktadir. Bu ¢a-
lismanin amaci, dordiincti simif hemsirelik 6grencilerinin
klinik uygulamalar sirasinda yasadiklart kesici-delici alet
yaralanmalart sikligini, nedenlerini ve sonuglarii arastir-
maktir.

Materyal ve Metot: Bu prospektif ve tanimlayici ¢alisma,
2022-2023 akademik yilinda Tiirkiye'deki bir iiniversitede
190 dordiincii simf hemsirelik 6grencisi ile ylriitilmiistir.
Ogrenciler, her biri giiz ya da bahar doneminde 14 haftalik
bir klinik staji tamamlayan iki gruba ayrilmustir. Veriler
yapilandirilmis bir vaka raporlama formu kullanilarak
toplanmig ve tanimlayici istatistiklerle analiz edilmistir.
Bulgular: Ogrencilerin %14,7’si kesici-delici alet yaralan-
malari yasamustir. Yaralanmaya en sik neden olan iglemler
subkutan enjeksiyonlar (%32,1) ve igne kapatma islemleri
(%50,0) olmustur. Yaralanmalar en fazla dahiliye servisle-
rinde (%39,3) gorilmiis ve klinik uygulamanin 21-40.
giinleri arasinda en yiiksek seviyeye ulagsmistir (%42,9).
Bagslica nedenler dikkatsizlik (%64,3), yetersiz malzeme
(%50,0) ve deneyimsizlik (%32,1) olarak belirlenmistir.
Yaralanmalara verilen duygusal tepkiler arasinda kaygi (%
64,3) ve korku (%50,0) 6ne ¢ikmistir. Yaralanan tiim 6g-
rencilere takip bakimi saglanmis olup, HIV, HBV veya
HCYV serokonversiyonu gozlenmemistir.

Sonug: Bulgular, hemsirelik 6grencilerinde goriilen kesici
-delici alet yaralanmalarinin biiyiik 6l¢iide deneyimsizlik,
yetersiz ekipman ve giivensiz uygulamalarla iliskili oldu-
gunu gostermektedir. Simiilasyon temelli egitim yaralan-
ma oranlarmi azaltabilirken, klinik uygulama sirasinda
artan giiven ve igslem hizinin riski artirabilecegi belirtilmis-
tir. Klinik uygulamalarda giivenlige odaklanan miifredatla-
rin gelistirilmesi, siki gozetim saglanmasi ve duygusal
destek sunulmasi hem yaralanma oranlarini azaltmak hem
de 6grencilerin klinik 6grenme deneyimlerini ve mesleki
gelisimlerini iyilestirmek acisindan temel stratejiler olarak
onerilmektedir.

Anahtar Kelimeler: Hemsirelik egitimi, hemsirelik 6g-
rencileri, is yeri giivenligi, kesici-delici alet yaralanmalari,
mesleki maruziyet
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INTRODUCTION

Sharp instrument injuries (SIIs) refer to injuries
caused by tools such as needles and scalpels used in
healthcare settings. These injuries are one of the
major occupational risks and significantly contribute
to the transmission of blood-borne infections. Ac-
cording to data provided by the WHO, SIIs account
for 39% of Hepatitis C, 37% of Hepatitis B, and
4.4% of HIV infections among healthcare workers
globally.'?

Due to their active involvement in patient care dur-
ing clinical training, nursing students have increased
exposure to sharp instruments and injury risk.> Com-
pared to experienced nurses, they often lack the clin-
ical competence needed to handle these instruments
safely. According to Benner’s model, clinical com-
petence develops through five stages: novice, ad-
vanced beginner, competent, proficient, and expert.*
Therefore, nursing students are more vulnerable to
sharp instrument injuries during early training.’ Re-
ported prevalence rates for SIIs among healthcare
workers vary between 41.5% and 64.9%.°* Among
nursing students, findings in the literature show con-
siderable variation, with prevalence ranging from
18.8% to 71%, depending on the country, study
year, and methodology. Among nursing students,
prevalence rates vary depending on country, study
year, and methodology. Reported rates include
60.3% in China,” 19.4% in Tirkiye," 71% in Vi-
etnam,'* 49% in another study conducted in Tiirki-
ye,'2 35% in a systematic review encompassing mul-
tiple countries,'* and 18.8% in Taiwan.'*

Despite their frequency, many SlIs remain unreport-
ed, with underreporting rates between 39.5% and
86.9%.>*'*!15 These injuries typically occur in clini-
cal settings, training hospitals, and laboratories, of-
ten due to unsafe practices such as recapping
needles’"? and improper disposal®'' during proce-
dures. Studies underline the need for safe equip-
ment, personal protective tools, and better training to
prevent such incidents.”'*!#!3-16

Beyond physical effects, SlIs can lead to psycholog-
ical consequences. Affected individuals may experi-
ence anxiety, fear, or panic'”" and elevated levels
of stress and depression have been observed.”
Among students, such injuries may reduce confi-
dence in clinical practice, provoke fear, and nega-
tively affect academic performance.”"**

These findings reveal the importance of sharps inju-
ries in terms of both clinical and psychological ef-
fects. However, it is stated that the majority of stu-
dents do not report injuries due to anxiety and fear.”
This study aimed to investigate the prevalence, caus-
es, and outcomes of SIIs among fourth-year nursing
students during clinical training. Unlike previous
studies that rely on retrospective recall, it uses a pro-
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spective design to document injuries in real time,
providing more accurate data to support prevention
and educational efforts.

MATERIALS AND METHODS

Ethics Committee Approval: For the implementa-
tion of the study, ethics committee approval was
obtained from Duzce University Scientific Research
and  Publication Ethics Committee (Date:
20.10.2022, decision no: 22/417). Before starting
data collection, institutional permissions and verbal
and written consent were obtained from all student
nurses participating in the study.

Type of Research: The study was conducted with a
prospective design to examine sharp instrument inju-
ries among nursing students and to determine their
causes.

Range and Sample of the Research: The study was
conducted between October 2022 and June 2023
with fourth-year nursing students (N=190) at a uni-
versity in Tirkiye. Before starting clinical practice,
all students received 16 hours of occupational health
and safety training, including approximately three
hours on the prevention of sharp instrument injuries.
The clinical practice was carried out four days a
week in the inpatient clinics of the university hospi-
tal under nurse supervision and lasted a total of 56
days. During this period, students performed inva-
sive procedures on real patients for the first time.
The students were divided into two groups, with one
group completing their training in the fall semester
and the other in the spring semester. All internship
participants were included in the study.

Data Collection Methods: Personal Information
Form and Case Report Form were used in data col-
lection. The Case Report Form was created by the
researchers. This form consists of 12 questions and
includes questions such as date, time, place, region,
severity of the injury, how the injury occurred, and
contamination status of the sharp object.

Data Collection: A total of 190 students were fol-
lowed up by researchers during the internship period
in the fall semester (95) and spring semester (95) for
two 14-week academic terms. In the event of a con-
taminated SII, the student was given the necessary
support by a researcher, and data was collected by
meeting with the student face-to-face within 8§ hours.
Non-contaminated SII (such as glass stuck in the
hand while breaking medicine ampoules) were de-
termined as an exclusion criterion.

Statistical Analysis: The study consists of data from
190 participants. Analyses were conducted using the
IBM SPSS Statistics 26 software. Frequencies
(number, percentage) were calculated for categorical
variables, while descriptive statistics (mean, stand-
ard deviation) were used for numerical variables.
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RESULTS

The students were 21.8+1.8 years old on average,
75.3% female, 24.7% male. All students were tested
for HIV, Hepatitis B and Hepatitis C before starting
the internship, and no problems were detected. In
addition, all students completed their Hepatitis B
vaccinations before the internship. Of the students
we followed, 85.3% were not injured, 13.7% (n=26)
were injured once, 1% (n=2) were injured twice, and
14.7% (n=28) were injured with sharp objects (Table
1).

Of the students who experienced needlestick inju-
ries, 32.1% experienced injuries while performing
subcutaneous injections, 50% while closing the nee-
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dle cap, and 39.3% in internal medicine clinics.
Most of the students (64.3%) stated that they acted
carelessly, and 50% experienced a problem with
insufficient supplies. In addition, half of the students
who experienced needlestick injuries stated that they
felt fear after the incident (Table 2).

When we examine the distribution of injuries by
day, it is seen that injuries begin from the third day
and continue in the following days with experience.
In addition, 42.9% of the students experienced inju-
ries between the 21st and 40th days of their intern-
ship (Figure 1).

Table 1. Demographics and contaminated SII occurrence (n=190).

Information Data
Age, Mean+SD 21.8£1.8
o Male 47 (24.7)
Sex, n (%) Female 143 (75.3)
No injuries 162 (85.3)
Injuries, n (%) Injured once 26 (13.7)
Injured twice 2 (1.0)

Table 2. SII: Characteristics, causes and emotional reactions (n=28).

Information Data
Subcutaneous injection 9(32.1)
Blood glucose measurement 7 (25)
Procedures in which SIIs oc- Intramuscular injection 5(14.3)
curred, n (%) Withdrawing blood 3(10.7)
Intravenous catheterization 2(7.1)
Disposing of medical waste 2(7.1)
During the needle cap closing 14 (50)
tsllegsel;)sleclsu%izfieiu(t’zs) Wwhere During the actual procedure 11(39.3)
’ While throwing away the waste 3(10.7)
Internal clinic 11 (39.3)
Surgical clinic 7 (25)
Clinics, n (%) Labour ward 6(21.4)
Emergency ward 3 (10.7)
Paediatrics ward 1(3.6)
Being careless 18 (64.3)
Reasons Expressed, n (%) Being in a rush 7 (25)
Patients’ sudden movements 3(10.7)
Insufficient supplies (such as no treatment tray) 14 (50)
Problems Experienced, n (%) Inexperience 9(32.1)
Misdirection by nurse 5(17.9)
Worry 18 (64.3)
*Post-injury Emotions, n (%) Fear 14 (50)
Sadness 6(21.4)

*: More than one emotion was expressed.
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Injury Frequency by Day
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Figure 1. Injury frequency by day.

In the controls performed after the injury, it was
determined that the needles to which 89.3% of the
students were exposed were not contaminated with
HIV, HBV or HCV. However, it was determined
that the needles with which two students were in-
jured were contaminated with HBV and one student

%42.9

was injured with a needle whose infectious disease
status was unknown. All students who were injured
were monitored for HIV, HBV and HCV, and no
evidence of infection was detected in the first six
months of serological blood test results (Table 3).

Table 3. Contaminated materials and 6th month control results (n=28).

Students' 6-month serologi-

Information Data

cal blood test results
Uncontaminated needles, n (%) HIV, HBV, HCV 25 (89.3) Negative
Contaminated needles, n (%) HBV 2(7.1) Negative
Unknown source, n (%) 1(3.6) Negative

DISCUSSION AND CONCLUSION

SIls pose the greatest threat to nursing students dur-
ing clinical practice due to the risk of accidental
exposure to body fluids and infected blood. In the
current study, 13.7% of the students we followed for
14 weeks in two academic terms experienced a sharp
object injury, 1% twice, and a total of 14.7% of the
students experienced a sharp object injury. When the
literature is examined, different results are observed
worldwide, ranging from 14.1% to 64.5%.'>!%232¢

In a meta-analysis analyzing the prevalence of
needlestick injuries in nursing students, articles be-
tween 2002 and 2021 were examined. The lowest
overall prevalence was stated as 6%, and the highest
as 51%. In addition, this study stated that it was 38%
in Asian countries, 9% in the United States, and
30% in European countries.”” When the results of
this study are compared with the world literature, it
is seen that it is at a very good level compared to
other regions, except the United States. When cur-

rent studies across Tiirkiye are examined, two stud-
ies stand out. In the first study, the SII rate of nurs-
ing students who practiced for four years was report-
ed as 31%.** Another study conducted five years ago
in the nursing department where this study was con-
ducted reported the SII rate of nursing students as
27.8%.% Five years ago, this study found that stu-
dents practiced at the patient's bedside across all
grade levels due to the lack of a simulation laborato-
ry. In this context, it is evaluated that the SII rates of
students who practiced at the patient's bedside in the
fourth grade decreased significantly after practicing
in the simulation laboratory during the first, second
and third grades.

Of the students who experienced a sharp object inju-
ry, 32.1% experienced injuries while performing a
subcutaneous injection and 50% while recapping
needles. When the literature is examined, “recapping
the previously used syringes” is stated as the most
common cause of SIIs.*******® The tiny and thin
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needles used for subcutaneous injections make clo-
sure more difficult. A study on nurses showed that
removing and/or replacing needle caps with bare
hands was associated with a higher incidence of
sharps injuries associated with insulin injection.”’
These findings highlight the need to avoid needle
recapping strictly and to implement safer injection
practices—particularly during subcutaneous proce-
dures—to reduce sharp instrument injuries among
nursing students effectively.

According to the study findings, nursing students
experienced the most injuries in 39.3% of the inter-
nal medicine clinics, and 42.9% of them experienced
injuries between the 21st and 40th days of their in-
ternship. In studies conducted in Tiirkiye, similar to
the study, most injuries occurred in an internal medi-
cine clinic."*?**° The increase in the number of sub-
cutaneous injections in treatment protocols at inter-
nal medicine clinics may explain this rise.

In the current study, injury rates were found to in-
crease during the middle stages of clinical practice,
coinciding with periods of greater procedural experi-
ence compared to the beginning of training. While
the literature often attributes high rates of sharps
injuries among nursing students to their inexperi-
ence,'? our findings suggest that the accumulation of
experience and the resulting self-confidence may
paradoxically contribute to an increased risk of inju-
ry.

Specifically, 64.3% of students reported injuries due
to carelessness and 17.9% due to rushing, supporting
the notion that increased procedural workload and
overconfidence may lead to lapses in attention and
safety practices. Similarly, Pallos et al.'”identified
carelessness (51.1%) and rushing (27.7%) as the
most common causes of injuries among nursing stu-
dents. To mitigate injuries resulting from careless-
ness, it is essential to cultivate a strong culture of
safety through continuous clinical mentoring, regu-
lar skill-based assessments, and reflective practices
that encourage students to evaluate their actions and
maintain focus during procedures critically.
Nevertheless, a notable proportion of students
(32.1%) in our study reported that a lack of experi-
ence was also a contributing factor to their injuries.
Consistently, previous research indicated that ap-
proximately 70% of students suffered needlestick
injuries due to insufficient manual skills, attributable
to limited experience.'> Moreover, external factors
such as a lack of supplies and unpredictable patient
reactions were reported to have contributed to injury
occurrence during clinical practice.

In addition to physical injuries, emotional reactions
were frequently reported by students following sharp
injuries. In our study, 64% of nursing students stated
that they experienced anxiety, and 53.6% reported
feelings of fear after injuries. This is consistent with
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previous findings, where anxiety and fear were re-
ported by 43.4-55.3% of nursing students following
needlestick injuries.'>* Similarly, studies conducted
among nurses have shown that emotional changes
following sharp injuries are common, with 58.6% of
nurses reporting emotional distress.”” Furthermore,
fear of negative consequences may prevent students
from reporting incidents, as indicated in previous
studies.”

In conclusion, this study examines the incidence,
underlying causes, and consequences of sharp in-
strument injuries among nursing students during
their clinical placements. The results indicate that
such injuries predominantly stem from inexperience,
lapses in attention, and insufficient access to appro-
priate equipment. Furthermore, students frequently
report experiencing emotional responses such as
anxiety and fear following these incidents. The find-
ings suggest that training conducted within simula-
tion laboratories may contribute to a reduction in the
occurrence of injuries. Nevertheless, as students gain
confidence and clinical exposure, an associated risk
of increased injury rates may emerge, possibly due
to overconfidence or complacency. These outcomes
underscore the urgent need to strengthen safe prac-
tice strategies within nursing education curricula.
Moreover, ensuring robust supervision and imple-
menting comprehensive support systems to address
the emotional well-being of students are essential
components in fostering both safety and resilience.
By prioritizing injury prevention and promoting a
culture of safety, nursing education programs can
make a substantial contribution to the professional
development of future nurses. This study was con-
ducted at a single institution, which may limit the
generalizability of the findings. Moreover, the low
number of contaminated sharp object injury cases
made it impractical to perform inferential statistical
analyses such as chi-square or regression, as mean-
ingful subgroup comparisons could not be achieved.
Future research should involve multicenter studies
with larger sample sizes to enhance generalizability
and examine additional factors—such as institution-
al protocols, reporting practices, and coping strate-
gies—that may influence the incidence and manage-
ment of sharp instrument injuries among nursing
students.
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ABSTRACT

Objective: The knee joint is an articulation exposed to
excessive load during daily activities at all ages. There are
ongoing discussions about the suitability of the currently
used standard implants for this joint in terms of age and
gender. In our study, we aimed to determine the possible
morphometric differences of the bone structures involved
in this joint according to age groups and gender.
Materials and Methods: The magnetic resonance (MR)
images of the knee joints of 212 individuals (106 males,
106 females) aged between 18 and 69 years were retros-
pectively analyzed, and morphometric data were obtained
from these images. Patients were separated according to
age groups and gender, and the obtained data were analy-
zed.

Results: In the study, the measurement values related to
the morphology of the femur, tibia, patella, and patellar
ligament were generally higher in males than in females
(p<0.05). When evaluated separately by sex, statistically
significant differences were observed in certain morpho-
metric parameters among the age groups (p<0.05).
Conclusions: Our study has shown that human knee ana-
tomy varies significantly according to age and gender.
These differences should be considered in the design of
individualized and gender-specific knee joint prostheses.
Keywords: Gender, knee, knee joint, morphometry, MRI
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Amag: Diz eklemi giinlik aktiviteler sirasinda her yasta
asir1 yliike maruz kalan bir eklemdir. Gliniimiizde bu ekle-
me uygulanan mevcut standart implantlarin yasa ve cinsi-
yete uygunlugu ile ilgili tartigmalar devam etmektedir. Biz
de calismamizda bu ekleme katilan kemik yapilarin yas
gruplarina ve cinsiyete gore olast morfometrik farklilikla-
rinin belirlenmesini amagladik.

Materyal ve Metot: 18-69 yas araligindaki 212 kisiye
(106 erkek, 106 kadm) ait diz manyetik rezonans (MR)
goriintiileri retrospektif olarak incelenerek bu goriintiiler
iizerinden morfometrik veriler elde edildi. Hastalar yas
gruplarina ve cinsiyete gore ayrilarak elde edilen veriler
analiz edildi.

Bulgular: Calismada, femur, tibia, patella ve patellar liga-
mentin morfolojisi ile ilgili dl¢iim degerleri genel olarak
erkeklerde kadinlardan daha yiiksek bulundu (p<0,05).
Cinsiyetler ayr1 olarak degerlendirildiginde, yas gruplar
arasinda bazi morfometrik parametrelerde istatistiksel
olarak anlaml farkliliklar tespit edildi (p<0,05).

Sonug: Calismamizda insan diz anatomisinin yasa ve cin-
siyete gore onemli farkliliklar i¢erdigi gosterilmistir. Bu
farkliliklar bireysel ve cinsiyete 6zgili diz eklemi protezi
tasarimi ¢alismalarinda dikkate alinmalidir.

Anahtar Kelimeler: Cinsiyet, diz, diz eklemi, morfomet-
ri, MRG
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INTRODUCTION

The knee joint is a functional joint with a wide range
of motion that supports body weight during various
activities such as standing, walking, and running.
Structurally, it consists of two joints: one between
the tibia and femur within the synovial capsule and
the other between the patella and the patellar surface
of the femur. The joint between the femur and tibia
supports body weight, while the joint between the
patella and femur provides frictionless transfer of
forces generated by the contraction of the quadriceps
femoris muscle.'

During daily activities, the knee joint is exposed to
excessive loads at all ages compared to other joints.
In addition, sports activities that require running,
jumping, balance, and physical contact make the
joint more prone to injury. In addition to traumatic
injuries, common problems of the knee joint include
osteoarthritis, septic bursitis, tendonitis, and other
conditions. Magnetic resonance imaging (MRI) is
considered the most powerful radiological imaging
technique for visualizing and diagnosing pathologies
in the bones, ligaments, menisci, articular cartilage,
tendons, synovium, and surrounding soft tissues of
the knee joint."™

In our study, we aim to determine possible morpho-
metric differences of the bone structures located in
the knee joint according to age and gender, thus
contributing to the increase of radiological knowled-
ge about the region and providing insight to clinici-
ans involved in regional rehabilitation.

MATERIALS AND METHODS

Ethical Approval: Our study was approved by the
Tokat Gaziosmanpasa University Clinical Research
Ethics Committee (Date: 18.01.2024, decision no:
2024/01). The study was conducted following inter-
national declarations, guidelines, etc.

Patient Selection: The study included MRI records
of 212 patients referred for knee imaging at Tokat
Gaziosmanpasa University Hospital between Janu-
ary 2017 and July 2024. Data were reviewed using
Sectra Workstation IDS7 (v24.2.16.6066-2023)
through the hospital's Picture Archiving and Com-
munication System (PACS). The study included
individuals aged 18—69 years with completed skele-
tal maturation and MRI scans of sufficient quality
for radiological assessment. Exclusion criteria
comprised congenital, traumatic, or inflammatory
knee pathologies; fractures, dislocations, space-
occupying lesions; radiological signs of osteoarthri-
tis; prior knee surgeries; and artefacts or any factors
that could impair measurement accuracy. Partici-
pants were stratified into three age groups: 18-34
years (Group 1), 35-49 years (Group 2), and 50-69
years (Group 3).” A total of 212 knees were evalua-
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ted, with an equal distribution of right and left knees
(n=106 each) across both sexes. Demographic and
imaging data (age, sex, laterality) were recorded
using Microsoft Excel (Office 2013).

Measured Parameters: Information on the measu-
red parameters of the femur, tibia, and patella is gi-
ven below. Of these measured parameters, those
expressing length were recorded in millimeters
(mm), and those expressing angle were recorded in
degrees (°).

The measured parameters of the femur bone are
shown in Figure 1.

The measured parameters of the tibia bone are
shown in Figure 2.

The measured parameters related to the patella and
patellar ligament are shown in Figure 3.

MR Protocol: All images were obtained using a 1.5
Tesla MRI scanner (Signa EXCITE 14.0, GE Medi-
cal Systems, Waukesha, WI). Non-contrast sagittal,
axial, and coronal MR images acquired in the exten-
sion position were evaluated in 212 patients. Measu-
rements were performed on T1-weighted FSE sequ-
ences in the sagittal plane, PD-weighted FSE FS
sequences in the axial plane, and PD-weighted FSE
FS sequences in the coronal plane. The slice thick-
ness was 4 mm for all images. All measurements
were conducted by a single evaluator.

Statistical Analysis: Data analysis was performed
using IBM SPSS Statistics version 22.0. Categorical
variables were expressed as frequencies and percen-
tages. The normality of continuous variables was
assessed using visual methods and Kolmogorov-
Smirnov/Shapiro-Wilk tests. For normally distribu-
ted variables, comparisons between independent
groups were made using Student’s t-test or One-
Way ANOVA. Continuous variables were presented
as mean =+ standard deviation (SD). A p-value of
<0.05 was considered statistically significant.

RESULTS

The 212 cases included in the study were evaluated
in terms of gender, right and left knee separation,
and age groups. Of the 212 cases, 106 (50%) were
female and 106 (50%) were male. The age groups of
the cases were divided into Group 1: 18-34 years,
Group 2: 35-49 years, and Group 3: 50-69 years.
The numbers of males and females and their distri-
butions by age groups are presented in the tables
(Tables 1 and 2).

Table 1 compares the measurement values of the
anatomical structures related to the knee joint
between males and females. In the male group,
MCW, LCW, BW, MCH, LCH, ICW, ICD, TSD,
TSW, MFW, LFW, TPW, IEW, MTPD, MTPL,
LTPL, PL, PW, PTL values were found to be statis-
tically significantly higher than in the female group
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Figure 1. Parameters measured on the femur. A:In the coronal section of the left knee; The distance between the medial and
lateral borders of the medial femoral condyle (MCW), and the distance between the medial and lateral borders of the lateral femoral condy-
le (LCW), and the distance between the medial border of the medial femoral condyle and the lateral border of the lateral femoral condyle
(BW). B: In the axial section of the right knee; The greatest anteroposterior length of the lateral femoral condyle (LCH), and the greatest
anteroposterior length of the medial femoral condyle (MCH). C: In the coronal section of the left knee; The distance between the medial
border of the lateral femoral condyle and the lateral border of the medial femoral condyle (ICW), and the perpendicular distance from the
apex of the intercondylar fossa to the line tangent to the lowest points of the femoral condyles (ICD). D: In the axial section of the left
knee; the distance between the lateral and medial peaks of the patellar surface (TSW), and the length of the perpendicular dropped from the
line passing through the lateral and medial summit points of the facies patellaris to the deepest point of the trochlear sulcus (TSD). E: In
axial section of the right knee; The angle formed by the two lines connecting the deepest point of the trochlear sulcus to the highest points
of the medial and lateral condyles (TSA). F: In the axial section of the right knee; Length of the lateral facet of the patellar surface of the
femur (LFW), and Length of the medial facet of the patellar surface of the femur (MFW).

/52 mm

1030 mm

47,0 11411

Figure 2. Measured parameters of the tibia. A:In the coronal section of the left knee; The length of the line drawn between the
lateral and medial borders of the tibia, parallel to the superior surface of the tibial plateau (TPW), and the length between the highest points
of the lateral intercondylar tubercle and the medial intercondylar tubercle (IEW). B: In the sagittal section of the left knee; The angle
between the longitudinal line drawn equidistant from both cortices at the midline of the tibial shaft and the line connecting the anterior and
posterior summit points of the medial tibial plateau (MTPS). C: In the sagittal section of the left knee; The angle between the longitudinal
line drawn equidistant from both cortices at the midline of the tibial shaft and the line connecting the anterior and posterior points of the
lateral tibial plateau (LTPS). D: In the sagittal section of the left knee; The length of the perpendicular dropped from the line connecting
the anterior and posterior summit points of the medial tibial condyle to the deepest point of the medial condyle (MTPD). E: In the sagittal
section of the right knee; The length of the line connecting the anterior and posterior summit points of the medial tibial condyle (MTPL). F:
In the sagittal section of the right knee; The length of the line connecting the anterior and posterior summit points of the lateral tibial
condyle (LTPL). 187
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Figure 3. Measured parameters of the patella. A: In the sagittal section of the right knee; The maximum longitudinal length of
the patella (PL), and the length of the patellar ligament (PTL), and the patellar ligament to patellar length ratio (ISI). B: In the axial section
of the right knee; The maximum transverse width of the patella (PW).

Table 1 Comparison of morphological measurements between genders.

Parameters Male (n=106) Female (n=106) p-value
(Mean = SD) (Mean = SD)
MCW 26.61 +£1.98 23.17+1.82 0.000
LCW 28.92 £2.25 25.01+2.17 0.000
BW 76.45 +£4.02 66.56 +3.71 0.000
MCH 61.00 =4.27 54.25+3.26 0.000
LCH 61.66 +4.14 55.14£3.45 0.000
ICW 20.72+2.14 18.16 £2.47 0.000
ICD 24.58 £2.60 21.85+2.09 0.000
TSD 7.79 +£1.31 6.81+1.19 0.000
TSW 37.97+2.70 33.57+2.40 0.000
TSA(°) 128.28 +5.84 129.54 +7.02 0.155
LFW 23.33+£2.07 20.43 +£1.80 0.000
MFW 17.07 £2.18 14.56 £ 1.57 0.000
TPW 77.51+427 68.19 +3.40 0.000
IEW 13.11 +1.80 12.10 £ 1.74 0.000
MTPS (°) 4.82+1.68 5.71+£2.17 0.001
LTPS (°) 3.60+1.97 3.79£2.26 0.510
MTPD 3.11+£0.81 2.56 £0.62 0.000
MTPL 48.80 +3.65 42.47+£2.72 0.000
LTPL 39.22+3.84 3421 +3.01 0.000
PL 44,02 £3.17 38.11+£2.69 0.000
PW 45.64 +£3.59 39.21+£2.64 0.000
PTL 46.36 +5.42 4296 +4.74 0.000
ISI 1.05+£0.14 1.13+£0.14 0.000

n: sample size; SD: Standard deviation; P-values (p<0.05) are highlighted in bold; MCW: Medial condylar width; LCW: Lateral condylar
width; BW: Bicondylar width; MCH: Medial condyle height; LCH: Lateral condyle height; ICW: Intercondylar width; ICD: Intercondylar
depth; TSD: Trochlear sulcus depth; TSW: Trochlear sulcus width; TSA: Trochlear sulcus angle; LFW: Lateral facet width; MFW: Medial
facet width; TPW: Tibial plateau width; IEW: Intercondylar eminence width; MTPS: Medial tibial plateau slope; LTPS: Lateral tibial pla-
teau slope; MTPD: Medial tibial plateau depth; MTPL: Medial tibial plateau length; LTPL: Lateral tibial plateau length; PL: Patellar
length; PW: Patellar width; PTL: Patellar tendon length; ISI: Install Salvati Indeks.
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(p < 0.05). MTPS and ISI values were found to be
statistically significantly lower in males than in fe-
males (p < 0.05).

Table 2 compares the measurement values of anato-
mical structures related to the knee joint in males
and females of different age groups. The ICD value
in Group 1 was significantly higher than in the other
two groups. In males, the MFW value was found to
be significantly lower in Group 1 compared to the
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other groups. TPW value was significantly higher in
Group 3 than in Groups 1 and 2. In addition, the
PTL and ISI values in Group 1 were found to be
significantly higher than the other two groups
(p<0.05). In females, the ICD value, PTL value and
ISI value in Group 3 were found to be significantly
lower than the other two groups, while the TPW
value was found to be significantly higher than Gro-
ups 1 and 2 (p <0.05) (Table 2).

Table 2. Comparison of morphological measurements of male and female individuals according to age groups.

Male (Mean £ SD) Female (Mean = SD)

Parameters Group 1 Group 2 Group 3 p- Group 1 Group 2 Group 3 p-

(Age: 18-34) (Age: 35-49) (Age: 50-69) (qjyue (Age: 18-34) (Age: 35-49) (Age: 50-69) ajue

(n=35) (n=39) (n=32) (n=16) (n=35) (n=55)

MCW 265+2.18  2643+2.02 27.11+£1.65 0.225 2286+145 2276+1.69 2352+194 0.115
LCW 28.52+2.67 29.01+2.02 2926+201 0.394 24.66+199 2521+£2.61 2498+193 0.703
BW 7597+4.17 76.14+420 7735+3.57 0316 66.59+3.09 66.04+3.49 66.88+4.02 0.583
MCH 60.72+4.69 60.40+4.26 62.04+3.73 0.249 54.75+293 54.15+331 54.18+3.37 0.810
LCH 61.50+4.99 61.36+3.78 62.22+3.59 0.663 55284345 5520+321 55.05+3.65 0.963
ICW 20.86+1.85 20.61+2.44 20.69+2.09 0.874 18.87+2.51 17.84+242 18.15+249 0.392
ICD 2558 +2.72 2421+246 2394+238 0.018 2295+225 2203+£2.10 21.42+194 0.029
TSD 7.50+£1.14 792+143 795+130 0273 7.01+141 6.55+1.31 6.93 +1.03 0.275
TSW 37.184+2.51 38.06+2.93 38.73+2.44 0.061 32.02+1.90 33.61+1.71 33.99+273 0.014
TSA (°) 1292 +5.17 127.5+6.42 128.0+881 0.441 126.6+6.69 131.3+£7.60 1292+6.50 0.075
LFW 23.06+2.02 2331+224 23.65+194 0.520 2021+1.76 2021+£1.60 20.64+194 0.487
MFW 16.20+2.25 1737+1.87 17.65+223 0.012 13.99+1.37 1436+1.52 1486+1.61 0.099
TPW 76.56 +3.84 76.96+438 7923+4.19 0.021 66.77+248 67.70+3.14 6891+3.65 0.049
IEW 1298 +1.87 13.18+191 13.16+1.63 0876 11.93+1.67 12.16+1.63 12.11+£1.86 0.907
MTPS (°) 509+1.65 457174 484+1.66 0432 514+£2.04 573+£258 588+1.92 0493
LTPS (°) 4.17+1.84  3.41+2.05 321+190 0.101 3.60+£1.69 426+293 3.55+1.88  0.331
MTPD 3.02+£0.67 3.22+0.95 3.09+0.78  0.571 2.71+£0.74 2.64+0.59 246+0.59  0.248
MTPL 48.32+3.62 4851+4.01 49.70+£3.16 0250 41.96+3.39 4229+241 4273+£271 0.548
LTPL 39.16+3.90 38.39+349 4030+4.03 0.113 34.18+2.70 34.32+2.55 34.14+3.37 0.961
PL 4353+334 44.05+2.77 4453+345 0442 37.87+2.58 3797+1.99 3827+3.10 0.813
PW 45.61+3.29 4537+429 4599+299 0.774 38.88+2.07 3927+£232 3926+299 0.866
PTL 48.11+3.93 4530+587 4573+£591 0.040 45.12+570 43.76+£3.95 41.83+4.66 0.023
IST 1.11£0.12 1.03+£0.13 1.03+0.17  0.030 1.19+£0.19 1.15+0.12 1.09+£0.13 0.029

n: sample size; SD: Standard deviation; P-values (p<0.05) are highlighted in bold; MCW: Medial condylar width; LCW: Lateral condylar
width; BW: Bicondylar width; MCH: Medial condyle height; LCH: Lateral condyle height; ICW: Intercondylar width; ICD: Intercondylar
depth; TSD: Trochlear sulcus depth; TSW: Trochlear sulcus width; TSA: Trochlear sulcus angle; LFW: Lateral facet width; MFW: Medial
facet width; TPW: Tibial plateau width; IEW: Intercondylar eminence width; MTPS: Medial tibial plateau slope; LTPS: Lateral tibial pla-
teau slope; MTPD: Medial tibial plateau depth; MTPL: Medial tibial plateau length; LTPL: Lateral tibial plateau length; PL: Patellar
length; PW: Patellar width; PTL: Patellar tendon length; ISI: Install Salvati Indeks.
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DISCUSSION AND CONCLUSION

Numerous studies have investigated the complex
morphology of the knee joint using various imaging
modalities.*® However, due to the clinical importan-
ce of this region, the continuous evolution of surgi-
cal techniques, and ongoing debates regarding the
appropriateness of standard implants across different
age and gender groups, this study aimed to examine
knee joint morphology in relation to age and gender.
This study is notable for its sample size and metho-
dological comprehensiveness. A total of 212 cases
(106 males, 106 females) aged between 18 and 69
years were divided into three age groups, and 23
morphometric parameters of the distal femur,
proximal tibia, and patella were assessed.

Regarding distal femur morphology, values such as
MCW, LCW, BW, MCH, and LCH were signifi-
cantly greater in males (p<0.05), consistent with
findings by Sharma et al.,* who also reported larger
femoral condyles in males based on MRI data. Simi-
lar outcomes were reported in studies using CT, X-
ray, and dry bone analysis, highlighting consistent
sex-based anatomical differences.”*

Measurement techniques and reference points vary
across morphometric studies, which are often based
on dry bones, radiographs, CT, MRI, cadaveric stu-
dies, or 3D modelling.” Ethnic variation is also a
prominent factor. For instance, Prithishkumar et al.®
found that knee dimensions differ significantly ac-
ross ethnic groups, and Kwak et al.” reported larger
measurements in Western populations compared to
Asians. These findings support the notion that ethnic
differences influence knee anatomy, which should
be considered in prosthesis design.

The intercondylar fossa, a region closely associated
with anterior cruciate ligament injuries, was evalua-
ted in our study via ICW and ICD measurements.
Both values were significantly higher in males
(p<0.05), corroborating findings from similar stu-
dies.®"”

The trochlear sulcus plays a key role in patellofemo-
ral stability. In our study, TSD, TSW, LFW, and
MFW were significantly higher in males, whereas
TSA showed no significant gender difference despi-
te being higher in females. These findings are con-
sistent with those of Giinaydin and Duran,'' Hsu et
al.,'> and Hasler et al.,"> who also reported sex-based
differences in trochlear morphology.

Morphometric parameters of the proximal tibia, such
as TPW, IEW, MTPD, MTPL, and LTPL, were sig-
nificantly greater in males (p<0.05), while MTPS
was higher in females. These findings align with
studies by Sharma et al.,* Yue et al.,® and Yanagi-
sawa et al.,'* all of whom observed larger tibial mea-
surements in males. Research also links increased
tibial slope with ACL injuries. Kodama et al."® de-
monstrated that higher MTPS values correlate with
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increased rates of ACL degeneration and medial
meniscus root tears. Weinberg et al.'® found that
MTPS exceeds LTPS, and both values are generally
greater in females, which was partially supported by
our findings.

Patellar and patellar ligament morphometry (PL,
PW, PTL, and ISI) revealed that PL, PW, and PTL
were significantly greater in males, while ISI was
higher in females (p<0.05). These results are suppor-
ted by multiple studies, including those by Nguyen
etal.,!” Meier et al.,'”® Le Hoang et al..,’ and Hong et
al.,”® which showed similar gender-based patterns in
patellar measurements and ISI values.

Our study is limited by its focus on a single ethnic
group (Turkish individuals), which may restrict ge-
neralizability. Ethnic differences in patellar dimensi-
ons have been demonstrated by Pontoh et al.?' and
Jain et al.,”> who reported smaller patellae in Asian
populations compared to Western populations.

In terms of age, ICD, ISI, and PTL values were sig-
nificantly higher in younger adults in both sexes,
while TPW was significantly greater in older adults
(p<0.05). Other parameters showed no significant
age-related variation. While previous studies have
explored these measurements by gender and ethni-
city, age-related differences remain less frequently
addressed, making this aspect of our study a no-
teworthy contribution.

In conclusion, along with those of comparable stu-
dies, indicate that knee joint anatomy varies signifi-
cantly with ethnicity, age, and gender. Understan-
ding the morphometric characteristics of knee bone
structures is crucial for prosthesis design, especially
given that total knee arthroplasty is performed across
all age groups for various indications. It has been
reported that most commercially available prosthe-
ses are based on Western anatomical data and may
not be suitable for many Asian populations. In the
current era of personalized arthroplasty, the approp-
riateness of standard implant designs in relation to
age and gender remains a subject of ongoing debate.
In this context, we believe that knee prosthesis de-
sign should take into account gender, age, and ethnic
anatomical differences. This study has certain limita-
tions. First, the data were derived solely from indivi-
duals of Turkish ethnicity, limiting generalizability.
Second, all measurements were based on MRI, as
CT images were not available for most patients.
While MRI offers high-resolution soft tissue ima-
ging, CT is generally preferred for detailed bone
structure evaluation. A comparative analysis using
both modalities on the same joints would provide
more comprehensive insights. Lastly, due to the ret-
rospective nature of the study, patient-specific data
such as dominant side, height, and weight could not
be collected. The potential influence of these variab-
les, particularly the height and weight of the morp-
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hometric parameters, should be explored in future
research.
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ABSTRACT

Objective: This study aimed to investigate the ethanol
extract of Ajuga reptans L. (Lamiaceae) on cell prolifera-
tion, apoptotic response, expression levels of Caspase-3,
NF-«xB and eNOS proteins on HCT116 human colorectal
carcinoma cells.

Materials and Methods: A. reptans was extracted using a
Soxhlet apparatus with ethanol, and the obtained extract
was applied to HCT116 and HUVEC cells (as healthy
controls) in increasing concentrations (0-800 pg/mL).
Cell viability was analysed by the WST-1 assay at 24 h
and 48 h. Morphological changes were observed via in-
verted microscopy. ELISA was performed to quantify
Caspase-3, NF-kB, and eNOS protein levels.

Results: A4. reptans ethanol extract showed concentration
and duration-dependent cytotoxic effects on HCT116
cells, with ICso values of 206.9 pg/mL (24 h) and 147.5
pg/mL (48 h). Minimal cytotoxicity was observed in HU-
VEC cells. Microscopy confirmed morphological signs of
apoptosis in HCT116 cells. ELISA results demonstrated
increased Caspase-3 and decreased NF-«xB and eNOS
levels, indicating induction of apoptosis and suppression
of pro-survival pathways.

Conclusions: The ethanol extract of Ajuga reptans selec-
tively inhibited the proliferation of colorectal cancer cells
by apoptotic induction and modulation of NF-xB and
eNOS signaling, suggesting its potential as a plant-based
adjunctive agent in colorectal cancer therapy.

Keywords: Ajuga reptans, caspase-3, colon cancer,
eNOS, NF-kB
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Ama¢: Bu calismanin amaci, Ajuga reptans L.
(Lamiaceae) etanol ekstraktinin, HCT116 insan kolorektal
karsinom hiicrelerinde hiicre proliferasyonu, apoptotik
yanit, Kaspaz-3, NF-kB ve eNOS proteinlerinin ifade dii-
zeyleri lizerine etkilerini aragtirmaktir.

Materyal ve Metot: A. reptans bitkisi Soxhlet cihazi kul-
lanilarak etanol ile ekstrakte edilmistir. Elde edilen ekst-
rakt, HCT116 ve HUVEC (saglikli kontrol) hiicrelerine
artan konsantrasyonlarda (0-800 pg/mL) uygulanmistir.
Hiicre canliligi, WST-1 testi ile 24 ve 48 saatlik siirelerde
degerlendirilmistir. Morfolojik degisiklikler inverted mik-
roskopi ile incelenmistir. Kaspaz-3, NF-kB ve eNOS pro-
tein diizeylerinin kantifikasyonu i¢in ELISA analizi uygu-
lanmustir.

Bulgular: 4. reptans ekstrakti, HCT116 hiicrelerinde
konsantrasyona ve siireye bagimli sitotoksik etki goster-
migtir; ICso degerleri sirasiyla 24 saatte 206.9 pg/mL, 48
saatte 147.5 pg/mL olarak hesaplanmistir. HUVEC hiicre-
lerinde minimum diizeyde sitotoksisite gézlenmistir. Mik-
roskobik incelemeler, HCT116 hiicrelerinde apoptozu
diisiindiiren morfolojik degisiklikleri dogrulamustir. ELI-
SA analizleri, Caspase-3 diizeylerinde artis ve NF-kB ile
eNOS diizeylerinde azalma gostermistir.

Sonug: Ajuga reptans’in etanolik ekstrakti, kolorektal
kanser hiicrelerinde secici proliferasyon baskilanmas,
apoptoz indiiksiyonu ve NF-kB ile eNOS sinyallerinin
modiilasyonu yoluyla antikanser etki gostermistir. Bu
bulgular, ekstraktin kolorektal kanser tedavisinde bitki
kaynakli tamamlayict bir ajan olarak potansiyelini ortaya
koymaktadir.

Anahtar Kelimeler: Ajuga reptans, eNOS, kaspaz-3,
kolon kanseri, NF-kB
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INTRODUCTION

Phytochemicals have been shown to exhibit anti-
cancer effects by modulating molecular pathways
involved in cell cycle modulation, apoptosis, inflam-
mation, and angiogenesis."? Ajuga reptans L. is a
perennial plant belonging to the Lamiaceae family,
and is broadly spread across Europe and Asia. Tradi-
tionally used for its anti-inflammatory, antioxidant,
hepatoprotective, and wound-healing properties,
recent studies have begun to explore its potential
anticancer activities.™

Phytochemical analyses have identified several sec-
ondary metabolites in A. reptans, including im-
portant phenolic compounds, which are known for
their biological activities.™® These constituents are
hypothesized to regulate various cellular targets and
pathways associated with cancer development and
progression.

Among the key molecular players implicated in co-
lon cancer pathogenesis are nuclear factor kappa B
(NF-kB) and endothelial nitric oxide synthase
(eNOS). NF-kB is an important transcription factor
that modulates proteins involved in inflammatory
and apoptotic pathways. Its abnormal activation has
been commonly detected in colon cancer and is as-
sociated with chemoresistance and poor prognosis.’
Similarly, eNOS, which catalyzes the production of
nitric oxide (NO), plays a dual role in cancer, but its
overexpression has been linked to enhanced tumor
angiogenesis and metastatic potential in colorectal
tumors.”

In this study, we aimed to observe the anticancer
potential of ethanol extract of 4. reptans on HCT116
human colorectal carcinoma cells. Specifically, we
assessed its effects on cell proliferation, apoptotic
response, and modulation of NF-kB and eNOS ex-
pression levels. To our knowledge, this is the first
study to systematically investigate the cellular pro-
cesses underlying the effects of 4. reptans on colon
cancer cells, highlighting its potential as a novel
phytotherapeutic agent.

MATERIALS AND METHODS

Ethics Committee Approval: This study was con-
ducted using commercial cell culture. Approval from
an ethics committee is not necessary.

Ethanol Extraction of Ajuga reptans: The aerial
parts of the plant were collected in April 2024 from
the campus area of Duzce University, Tiirkiye
(Voucher number: GD 06-04-24; 40°54'25"N,
31°11'5"E) alt. 248 m). For the extraction procedure,
20 g of the powdered plant material was macerated
in 200 mL of ethanol (Merck) in a Soxhlet extractor
(Termal Lab, Istanbul, Tiirkiye) for 12 h. After the
extracts were passed through Whatman filter No. 1,
the ethanol was removed with a rotary evaporator at

Ilker Kiliccioglu ve ark. (et al.)

55°C. The dried extracts obtained were dissolved in
dimethyl sulfoxide to a final concentration of 100
mg/mL.

Cell Culture: HCT116 colon cancer cells and HU-
VEC (human umbilical vein endothelial cells) were
used in this study. HCT116 is a human colorectal
carcinoma cell line derived from the colon tissue of
a male patient. These cells exhibit microsatellite
instability and carry a mutant KRAS allele while
retaining the wild-type p53 gene. HCT116 cells are
adherent and grow as an epithelial monolayer with
relatively high proliferation rates. Due to their sensi-
tivity to various chemotherapeutic agents, HCT116
cells serve as an important model for evaluating cy-
totoxicity, apoptosis, cell cycle, and signaling path-
ways in colorectal cancer studies. Cells were cul-
tured in RPMI-1640 and DMEM mediums
(Capricorn Scientific, Germany) supplemented with
heat inactivated 10% fetal bovine serum, 200 mM L-
glutamine, 100 U/mL penicillin, and 100 mg/mL
streptomycin (Capricorn Scientific, Germany) in a
humidified incubator (Nuve, Ankara, Tiirkiye) at
37°C with 5% CO,.

Cell Viability Assay: The effect of A. reptans etha-
nol extract on cell viability was analyzed using the
WST-1 cell proliferation assay kit (Abcam, Cam-
bridge, UK) according to the manufacturer's instruc-
tions. HCT116 and HUVEC cells were seeded in 96-
well plates at a density of 5x10°cells per well and
incubated for 24 h to allow cell attachment. Cells
were then treated with various concentrations of the
extract (0, 100, 200, 400, 600, and 800 ug/mL) for
24 and 48 h. After treatment, 10 pL WST-1 reagent
was added to each well and incubated for 2 hours.
Absorbance was measured at 450 nm using a micro-
plate reader (Allsheng Instruments, Hangzhou, Chi-
na). Each experiment was performed in three inde-
pendent replicates.

Morphological Evaluation: To evaluate morpholog-
ical changes, both HCT116 and HUVEC cells were
seeded in 6-well plates at 3 x 10° cells/well and
treated with the ethanol extract at 100, 200 and 400
pg/mL concentrations. After 24 h of treatment, mor-
phological alterations were visualised with an invert-
ed microscope (Euromex, Arnhem, Netherlands)
equipped with a CMEX-5 Pro camera at 20x magni-
fication (Olympus CKX53).

Protein Isolation and ELISA Assay: Following
treatment with the extract, total protein was isolated
from HCT116 cells using RIPA lysis buffer (A.B.T,
Ankara, Tiirkiye). Protein concentrations were quan-
tified using the bicinchoninic acid (BCA) assay
(ABP Biosciences, USA). The expression levels of
Caspase-3, eNOS and NF-kB were measured using
human-specific ELISA kits (BT LAB, Shanghai,
China and ELK Biotechnology CO., Ltd, Denver,
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USA), following the manufacturers' protocols. Opti-
cal densities were read at 450 nm on an ELISA read-
er (Allsheng Instruments, Hangzhou, China). Each
experiment was performed in three independent rep-
licates.

Statistical Analysis: GraphPad Prism 9.0 was used
to perform the statistical analysis. Statistical signifi-
cance was determined using one-way ANOVA and
two-way ANOVA, followed by Dunnett's post-hoc
test. A significance level of p<0.05 was accepted as
significant.

RESULTS

Figure 1A shows that the ethanol extract of 4. rep-
tans exhibited a dose-dependent antiproliferative
effect with an ICso value of 206.9 ug/mL for 24 h.
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Cell proliferation decreased significantly as the con-
centration of the extract increased, indicating strong
cytotoxic activity in the applied dose range. The ICso
value was 147.5 ug/mL for 48 h (Figure 1B). This
result indicated that the anticancer activity of the
extract increased with the incubation time.

As shown in Figure 2, A. reptans ethanol extract
significantly reduced cell viability in a dose and time
-dependent profile. Cell proliferation decreased by
up to 22% for increasing concentrations at 24 h. This
antiproliferative effect was more pronounced at 48
h. Above 200 pg/mL, the proliferation inhibition of
HCT116 cells exceeded 50%. These data highlighted
that the inhibitory effect of A. reptans on the prolif-
eration of HCT116 colon cancer cells was concen-
tration and exposure time-dependent.

B
1 —
= ICs: 147.5 pgimL
°
_g g 1004
= 0
g o
£ 8 s50-
g
©
X 0 T T | 1
o 1 2 3 4
.50 log [A.reptans] (ug/mL) 48 h

Figure 1. Antiproliferative effect curves of 4. reptans ethanol extract on HCT116 colon cancer cells. A: Antipro-

liferative effect for 24 h; B: Antiproliferative effect for 48 h.

150

% Proliferation
Relative to control

24 h

Control

100 pg/ml
200 pg/ml
400 pg/ml
600 pg/ml
800 pg/ml

HEREN

48 h

Figure 2. The antiproliferative effect of 4. reptans ethanol extract on HCT116 colon cancer cells for 24 h and

48 h. *: p<0.05; ***: p<0.001; ****: p<0.0001.
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To evaluate the selectivity of the extract towards
cancer cells, concentrations were applied to HUVEC
cells. As shown in Figure 3, A. reptans showed rela-
tively low cytotoxicity in HUVEC cells. Only slight
decreases in proliferation were observed at higher
concentrations (600 and 800 pg/mL) at 48 h. These
results indicate that the toxicity of 4. reptans extract
towards healthy cells is quite low.

Microscopic examination revealed distinct morpho-
logical changes in HCT116 cells after treatment with
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100, 200, and 400 pg/mL of A. reptans ethanol ex-
tract for 24 h (Figure 4). Treated cancer cells ap-
peared shrunken with condensed cytoplasm and
membrane blebbing, which are hallmarks of apoptot-
ic cell death. In contrast, HUVEC cells largely re-
tained their normal spindle-like morphology, and
minimal morphological changes were observed even
at higher extract concentrations, further supporting
selective toxicity against cancer cells.

Control

100 pg/ml
200 pg/mi
400 pg/ml
600 pg/mi
800 pg/mi

48 h

Figure 3. The minimal cytotoxicity level of 4. reptans ethanol extract on HUVEC cells. *: p<0.05; **: p<0.01.

Control

HCT116

HUVEC

100 pg/mL

200 pg/mL 400 pg/mL

Figure 4. Inverted microscope examination of morphological changes in HCT116 and HUVEC cells upon 4.
reptans treatment.
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A. reptans ethanol extract significantly increased the
expression of Caspase-3 at 200 and 400 pg/mL, in-
dicating induction of apoptosis. In addition, NF-xB
and eNOS levels were significantly down-regulated
compared to control (p < 0.01 to p < 0.001), indicat-
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ing inhibition of pro-survival and inflammatory
pathways (Figure 5). These results suggest that A.
reptans induces apoptosis in colorectal cancer cells
via caspase activation and regulation of NF-kB and
eNOS signaling.

mmm  Control
mm 200 pg/ml
== 400 pg/ml

*%

¥k
sk k

NF-kB

Figure 5. Effect of A. reptans ethanol extract on the expression levels of Caspase-3, eNOS and NF-«B proteins
in HCT116 colon cancer cells. *: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001.

DISCUSSION AND CONCLUSION

The present study provides novel insights into the
anticancer potential of Ajuga reptans ethanol extract
on HCT116 human colorectal carcinoma cells, high-
lighting its selective cytotoxicity, time and dose-
dependent antiproliferative activity, and its ability to
regulate apoptotic and inflammatory pathways.
These findings provide important evidence to sup-
port the therapeutic potential of plant-derived com-
pounds in the treatment of colorectal cancer.”'’

Our dose-response analyses revealed that 4. reptans
extract significantly inhibited the proliferation of
HCT116 cells, with an ICso value of 206.9 pg/mL at
24 h, which decreased to 147.5 pg/mL at 48 h. The
reduction in ICso over time reflects an enhanced cy-
totoxic efficacy with prolonged exposure. These
results are in agreement with previous studies re-
porting the cytotoxic potential of A. reptans and
other Ajuga species on various cancer cell lines. A.
reptans extracts showed cytotoxic effects on prostate
cancer cell lines by inhibiting cell proliferation and
inducing apoptosis at concentrations of 300 uM and
500 pM, respectively. Similarly, methanolic and
water extracts of A. orientalis showed moderate cy-
totoxic activity against various cancer cell lines.
These findings suggest a broad-spectrum anticancer
potential in the Ajuga genus."'

Importantly, when tested on HUVEC cells, 4. rep-
tans ethanol extract showed minimal cytotoxicity,

even at higher concentrations (600-800 pg/mL).
This selectivity toward cancer cells while sparing
normal cells is crucial for the development of safer
chemotherapeutic agents. Morphological analysis
under inverted microscopy further supported the
cytotoxic findings. These observations support that
A. reptans induces cell death via apoptotic mecha-
nisms rather than necrosis, minimizing the inflam-
matory response.

Caspase-3 is a key executioner protease in the apop-
totic cascade, responsible for cleavage of structural
and regulatory cellular proteins.'? Its activation is
widely regarded as a hallmark of apoptosis, and its
induction by A. reptans suggests that the extract
facilitates intrinsic apoptotic signaling. In addition,
NF-kB levels were significantly reduced following
extract treatment. NF-kB is a transcription factor
that regulates genes involved in cell survival, prolif-
eration, and inflammation. Its constitutive activation
has been linked to tumorigenesis, metastasis, and
chemoresistance in colorectal cancer.” Inhibiting
NF-xB can sensitize cancer cells to apoptosis and
disrupt their proliferative advantage.'* Therefore, the
downregulation of NF-kB by A. reptans may partly
explain the enhanced apoptosis and reduced prolifer-
ation observed.

Similarly, the downregulation of endothelial nitric
oxide synthase (eNOS) further supports the anti-
tumor effects of the extract. eNOS can support tu-
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mor growth by promoting angiogenesis and tumor
blood supply under pathological conditions."” Re-
duced eNOS expression may contribute to an anti-
angiogenic effect, thereby limiting tumor progres-
sion. These results suggest that A. reptans interferes
not only with tumor cell survival and proliferation
but also with their microenvironmental support sys-
tems.

Phytochemical constituents potentially responsible
for these effects include phytoecdysteroids, iridoid
glycosides, flavonoids, and diterpenes, all of which
have been reported in the Ajuga genus.*'® For in-
stance, 20-hydroxyecdysone, a major ecdysteroid in
A. reptans, has been shown to modulate signaling
pathways associated with apoptosis and inflamma-
tion.'”"” However, future studies involving chroma-
tographic isolation and compound-specific testing
are necessary to identify and characterize the bioac-
tive principles responsible for the observed effects.
In conclusion, these findings suggest that A. reptans
ethanol extract exerts its anticancer effects through a
multi-faceted mechanism involving the induction of
apoptosis, suppression of inflammatory signaling,
and selective cytotoxicity. Our results showed that
this plant has significant potential as a complement
to conventional treatments. Further studies, includ-
ing in vivo validation, pharmacokinetic profiling,
and target identification, are warranted to advance A4.
reptans as a candidate for colorectal cancer therapy.
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ABSTRACT

The study titled "Diagnostic Value of Neutrophil/
Lymphocyte Ratio in Distinguishing Peripheral and Cent-
ral Vertigo in Patients with Dizziness" explores the utility
of the neutrophil-to-lymphocyte ratio (NLR) as a diagnos-
tic marker for differentiating central and peripheral verti-
go. Findings reveal that NLR is significantly higher in
central vertigo cases (median: 3.99 vs. 2.32; p<0.001),
with a proposed cut-off value of 3.25. The retrospective
study, involving 260 patients, highlights NLR's potential
as a cost-effective, rapid diagnostic tool in emergency
settings. However, its retrospective design and the need
for validation across diverse populations suggest the ne-
cessity for further prospective research to confirm diag-
nostic accuracy and explore underlying mechanisms.
Keywords: Emergency department, differential diagno-
sis, dizziness, neutrophil/lymphocyte ratio, vertigo

0z

"Bag Donmesi Olan Hastalarda Periferik ve Santral Verti-
gonun Ayirt Edilmesinde Nétrofil/Lenfosit Oraninin Tani
Degeri" baslikli ¢alisma, ndtrofil-lenfosit oraninin (NLR)
santral ve periferik vertigoyu ayirt etmede tanisal bir belir-
te¢ olarak kullanilabilirligini arastirtyor. Bulgular, santral
vertigo vakalarinda NLR'nin anlaml1 derecede daha yiiksek
oldugunu (medyan: 3,99 vs. 2,32; p<0,001) ve 3,25'lik bir
esik deger onerildigini gosteriyor. Retrospektif bir ¢alisma
olan bu arastirma, 260 hastayr kapsiyor ve NLR'nin acil
durumlarda hizli, ucuz bir tan1 araci olarak potansiyelini
vurguluyor. Ancak, retrospektif tasarimi ve farkli popiilas-
yonlarda dogrulanma ihtiyaci, tanisal dogrulugun teyit
edilmesi ve altta yatan mekanizmalarin aragtirilmasi igin
ileri prospektif ¢caligmalarin gerekliligine isaret ediyor.
Anahtar Kelimeler: Acil servis, ayirici tani, bag donmesi,
nétrofil/lenfosit orani, vertigo
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Dear Editor,

I read with great pleasure the article titled
"Diagnostic Value of Neutrophil/Lymphocyte Ratio
in Distinguishing Peripheral and Central Vertigo in
Patients with Dizziness" published in your journal,
Online Turkish Journal of Health Sciences.' I am
writing to share my thoughts on this article. The
study stands out as an important investigation into
the diagnostic value of the neutrophil/lymphocyte
ratio (NLR) in differentiating peripheral and central
vertigo in patients presenting to the emergency de-
partment with dizziness symptoms. The methodo-
logy, findings, and conclusions of the study provide
valuable insights into the use of NLR in clinical
practice.

Strengths of the Study: The article makes a signifi-
cant contribution to clinical practice by demonstra-
ting that NLR can be used to differentiate between

central and peripheral vertigo in patients presenting
to the emergency department with dizziness. NLR,
being an easily obtainable and low-cost parameter,
can be a useful tool in settings requiring rapid deci-
sion-making, such as the emergency department.
Retrospective Design and Large Sample Size: The
study features a retrospective design encompassing
260 patients. This large sample size enhances the
statistical power of the findings and supports the
generalizability of the results. Additionally, the com-
parison of demographic characteristics such as age,
gender, and comorbidities between central and pe-
ripheral vertigo groups demonstrates the comprehen-
sive nature of the analysis.' Diagnostic Value of
NLR: The study reveals that NLR is significantly
higher in patients with central vertigo. This finding
suggests that NLR can be used in the diagnosis of
central vertigo and may support the need for neuro-
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logical imaging in these patients. This could provide
a significant advantage in the rapid diagnosis and
treatment processes in emergency departments.’

The literature on the role of inflammatory markers
such as NLR in clinical diagnosis and prognosis has
accumulated significantly in recent years. In this
context, there are studies examining the diagnostic
and prognostic value of inflammatory indices in
various clinical scenarios, including vertigo, testicu-
lar torsion, acute aortic dissection, incarcerated her-
nia, acute cholecystitis, and multiple sclerosis. Et-
hics committee approval is not required for a letter
to the editor.

NLR in Differentiating Vertigo

In a study by Sertbas et al., NLR was found to be
significantly higher in patients with central vertigo
(median: 3.99 vs. 2.32; p<0.001).' This finding sup-
ports the use of NLR as a rapid and low-cost diag-
nostic tool in the emergency department. Similarly,
NLR has been shown to have acceptable diagnostic
power (AUC: 0.75) in differentiating testicular tor-
sion from epididymo-orchitis, while newer indices
such as the pan-immune inflammation value (PIV)
have demonstrated superior performance (AUC:
0.81)." Duyan et al. highlighted that NLR, PLR, and
SII independently predict in-hospital mortality in
Stanford Type B acute aortic dissection (BAAD)
(OR: 9.16-8.57).° These results reflect the critical
role of inflammation in vascular pathologies. In in-
carcerated inguinal hernias, NLR, SII, and PIV have
been shown to have acceptable diagnostic power
(AUC: 0.738-0.765) in predicting strangulation.®
These findings underscore the importance of inflam-
matory markers in the early detection of conditions
requiring surgical urgency in the emergency depart-
ment. In the detection of multiple sclerosis (MS)
relapses, NLR, RLR, and SII have demonstrated
excellent diagnostic performance (AUC: 0.81-0.87).”
This is a significant finding highlighting the associa-
tion between peripheral inflammation and central
nervous system involvement. In differentiating
complicated appendicitis, NLR, SIRI, and PIV have
shown acceptable diagnostic value (AUC: 0.735-
0.783), while the HALP score has limited diagnostic
value (AUC: 0.64).® This reflects the potential of
indices derived from routine blood parameters in
surgical decision-making processes.

Areas for Improvement

Retrospective Design: The retrospective nature of
the study increases the likelihood of some data being
missing or inaccurately recorded. Future prospective
studies could more precisely evaluate the diagnostic
value of NLR.’

Definitive Threshold for NLR: While the NLR
threshold of 3.25 determined in the study is useful
for differentiating central and peripheral vertigo, this
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value needs to be validated in different populations
and clinical settings. Additionally, the potential inf-
luence of other inflammatory conditions on NLR
should be considered.'

In conclusion, this study makes a significant contri-
bution by demonstrating that NLR can be used to
differentiate between central and peripheral vertigo
in patients presenting to the emergency department
with dizziness. The use of easily obtainable parame-
ters like NLR in settings requiring rapid decision-
making, such as the emergency department, can
expedite diagnostic processes and improve patient
management. However, the retrospective nature of
the study and the need to validate the definitive NLR
threshold open an important area for future research.
Sincerely.
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