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European Association for the Study of Obesity

EASO Collaborating Centres for Obesity Management (COMs)

Centre: Zonguldak Biilent Ecevit University
Obesity and Diabetes Application and Research Center
Contact: Professor Taner Bayraktaroglu

We would like to take this opportunity to thank you for submitting a renewal application for your
centre.

As you are aware, under the EASO COM scheme, obesity management centres are accredited against a
set of carefully developed criteria and in accordance with accepted European and academic guidelines,
with centres assessed by the EASO Obesity Management Task Force (OMTF). The OMTF has reviewed
the renewal application of your centre and we are delighted to inform you that it has been accredited
for a further three-year period from 1% July 2022 to 30" June 2025.

Your centre will continue to be recognised by EASO as a leading obesity management centre in Europe
throughout that period. The EASO COM network brings together accredited centres from across Europe
and, as a member of this network, you (and your centre) will have the opportunity to contribute to a
number of important EASO projects. One of the main goals of the COM network is to develop consensus
guidelines on a number of management issues, with consensus achieved via the exchange of expertise
during specially convened ‘COM Summit Meetings’.

We look forward to continuing or work with you to develop the EASO COM network and its important
actions in the coming years.

With kind regards
Yours sincerely

Professor Jason Halford Professor Luca Busetto Mr Euan Woodward
President, EASO Dr Dror Dicker Executive Director, EASO
Co-Chairs, EASO OMTF

On behalf of the EASO OMTF and Executive Committee.
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YAZARLAR ICIN BILGILER

“Tiirkiye Diyabet ve Obezite Dergisi’, Zonguldak Biilent Ecevit Uni-
versitesi Obezite ve Diyabet Uygulama ve Arastirma Merkezinin
bilimsel yayim organidir. Dergimiz 2017 yilinda yayima baslamustir,
2019 yilindan itibaren TR Dizin ve Tirk Atif Dizini i¢inde yer alan
hakemli bir dergidir. Dergi yilda ii¢ kez olmak tizere Nisan, Agustos
ve Aralik aylarinda yayimlanir. Derginin yayim dili Tiirkge ve Ingi-
lizcedir.

Derginin amaci Tiirkiyede ve yurtdisinda ilgili alanlarda yapilan
nitelikli arastirma ¢alismalarini ulusal ve uluslararasi bilim ortamina
sunarak duyurmak, paylasmak ve stirekli bir egitim platformu olus-
turarak bilimsel, akademik ve sosyal iletisimin saglanmasina katkida
bulunmaktir. Dergide bu amaglar dogrultusunda obezite ve diabetes
mellitus alaninda 6zgiin aragtirmalar, olgu sunumlari, derlemeler, kisa
bilgi makalesi, editére mektup, biyografi yazilar1 ve makale bigimine
getirilen toplant1 bildirileri yayimlanir. Kongre, sempozyum, elekt-
ronik ortamda sunulmus bildiriler veya 6n ¢aligmalar, bu durumun
belirtilmesi kosuluyla yayimlanabilir. Bu dergiye gonderilen yazilar,
daha 6nce herhangi bir yerde yayimlanmamis ve yayimlanmak tizere
baska bir dergiye gonderilmemis olmasi sarti ile kabul edilir.

Yazilarin tiim bilimsel sorumlulugu yazarlara aittir. Yazarlar, ya-
zar siralamasini yayin hakki devir formunda imzali olarak belirtmek
zorundadur. Yazarlarin tiimiiniin ismi, yazinin baghginin altindaki bo-
limde yer almalidir. Yazarlik i¢in yeterli 6l¢iitleri kargilamayan ancak
caligmaya katkisi olan tiim bireyler “Tesekkiir” kisminda siralanabi-
lir. Bu amagla “Yayin hakki devir sézlesmesi formu” sorumlu tim
yazarlar tarafindan imzalanarak sisteme yiiklenmelidir. Makaleler
“https://dergipark.org.tr/tr/pub/tudod”adresinden sisteme yiiklen-
mesi gerekmektedir. Sisteme kapak sayfasinin, tablo ve grafiklerin de
ayr1 ayr1 yuklenmelidir. Kapak sayfasinin tiim yazarlarin ad, soyad,
caligtiklar: kurum, 40 karakteri gegmeyen kisa baslik, e-posta adresle-
ri ve ORCID ID bilgilerini igermelidir.

Tim yazilar 6nce editor ve yardime editorler tarafindan 6n de-
gerlendirmeye alnir. Daha sonra degerlendirilmesi i¢in alaninda
uzman hakemlere gonderilir. Editor, yazilar1 diizeltme, degistirme,
reddetme veya yeniden diizenlenmesi i¢in geri gonderme hakkina
sahiptir. Dergide yayimlanmasina karar verilen yazilar sayfa diizen-
lenmesi siirecine alinir. Yazilar yayim oncesi son sekline getirilerek
yazarlarin kontroliine ve onaymna sunulur. Tim yazilar, uluslararasi
etik kurallara uygun olmali ve etik kurul izninin alindigina dair belge
sisteme yiiklenmelidir.

MAKALENIN HAZIRLANMASI
Kapak Sayfas1

Yazinin Tiirkge ve Ingilizce bashgi, yazarlarin ad ve soyadlari be-
lirtilir. Ayn1 kurumdan yazarlar, ayn1 numarayr almak {izere klinik,
boliim, enstitii veya kurulusun ismi ve adresleri yazar sirasma gore
numaralandirilarak yazilir. Yazinin kisa baghg: da verilmelidir. Yazis-
malarin yapilacagi yazarin adi, tam posta adresi, telefon, faks numara-
s1ve elektronik posta adresleri yazilmalidir. Calisma bir kongre ya da
bir toplantida bildiri olarak sunulmussa, yazarlar bu durumu sayfanin
sonunda, yapilan toplantinin adini, yerini ve tarihini veya destek alan
kurum ile proje numarasini vererek belirtmelidir.

v

Oz

iki yiiz elli sozciikten fazla olmayan Tiirkge 6z yazilmalidir. Oz
kismi amag, gereg ve yontemler, bulgular ve sonug boliimlerini iger-
melidir. Kisaltmalar ve kaynaklar kullanilmamaldir. Oziin sonunda
yer alacak anahtar s6zctikler, i ile yedi sozciik arasinda, Index Medi-
cus Tibbi Basliklar (MeSH) listesine uygun olarak alfabetik sirada ve-
rilmelidir. Bir bagka sayfaya, Tiirk¢e 6z ve anahtar sozciiklerin birebir
tercimesi olacak bicimde Ingilizce 6z (abstract) yazilmalidir.

Olgu sunumlarinda ise; amag, olgu (lar), sonug (lar) béliimlerini
igeren yapilandirilmis 6z bulunmalidir.

Metin Sayfalar1

Makalenin ana metni giris, gere¢ ve yontemler, bulgular ve tar-
tisma basliklar1 altinda verilmelidir. Biitiin 6l¢timler metrik sistemde
verilmelidir. Simge ve kisaltmalar uluslararas: standartlarda olmali-
dir. Kisaltmalar metinde ilk gortldiigiinde agiklanmali ve genel kabul
gbrmiis olanlarla sinirlandirilmalidir. Istatistiksel analiz i¢in kullani-
lan testler metinde ve tablolarda belirtilmelidir. Yazarlar, metnin so-
nunda tesekkiir baglig1 altinda, ¢alismanin gergeklesmesi igin katkida
bulunan kisi, kurum ve kuruluslar varsa bildirebilirler. Makalenin so-
nunda ¢ikar ¢atismas, yazar katki beyany, finansal destek ve etik kurul
onay basliklar1 doldurulmalidir.

Tablo, Sekil ve Resimler

Tablolar ana metin i¢inde kaynaklardan sonra gelmeli, her tab-
lo ayr1 bir sayfada olacak sekilde ve cift aralikli olarak yazilmalidir.
Makale i¢indeki gegis sirasina gére numaralandirilmali ve kisa baglik
icermelidir. Metin icerisinde de yerleri belirtilmelidir. Tablo baslig
tablonun stiinde, tablo agiklamalari ve kisaltmalar altta yer almalidir.

Resim ve sekiller “jpeg” ya da “tiff” formatinda verilmelidir. En
az 800x600 piksel boyutunda ve 300 dpi ¢6ziiniirliikte sisteme yiik-
lenmelidir. Histolojik kesit ve sitoloji fotograflarinda biiyiitme ve bo-
yama teknigi belirtilmelidir. Resim ve sekil alt yazilar1 makalenin so-
nunda ayr1 bir sayfada verilmelidir. Sekil altyazilar: kisa ve agiklayici
olmalidir. Ayni siitun iginde yer alan ve birlikte goriinen sekiller ayni
numarayi, farkli harflerle alabilirler (1A,1B gibi). Eger miimkiinse fo-
tograf tizerine 6l¢ek eklenmelidir.

Kaynaklar

Kaynaklar makalede gegis sirasina gore numaralandirilmali, nu-
maralar1 metinde ciimlenin sonunda parantez icinde belirtilmelidir
ve metin igerisinde aldig1 numaraya gore kaynak listesinde gosteril-
melidir. Kaynak listesi ayr1 bir sayfada olmalidir. Kaynak listesinde “ve
ark” (et al.) kisaltmasi kullanilmamaly, biitiin yazarlar eklenmelidir.

Makale

Yazar ad(lar)1, makale adi, dergi adi (“IndexMedicus” ta veri-
len listeye gore kisaltilmalidir), yili, cilt numarasy, ilk ve son
sayfa numarasi.

Ergeng M, Ozagmak Sayan H, Turan i, Ozaqmak VH. Cerra-
hi menopoz ve kronik serebral hipoperfiizyon olusturulmus
sicanlarda spironolaktonun prefrontal korteks ve goz dokula-
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rinda glikojen ve oksidatif stres parametreleri tizerine etkisi. KESFET
Med ] West Black Sea. 2022;6(2):177-185. e oawE
Makale Gonder % Istatistikler
. EREREE o
Sy Amag ve Kapsam i Dizinler

-
=

Bolimiin yazarlarinin ad(lar)i, kitabin adi, kaginc baski ol-
dugu, yayimlandig: yer, yaymevi, yil.

Yazim Kurallar1 Yazarlar Igin Kontrol Listesi

1

e o

Larsen PR, Kronenberg HM, Melmed S, Polonsky KS. Willi- Z g ﬁ:iill::sllkeler VED R IEES zzggzzallzl iﬂlgzﬁgformu
ams Textbook of Endocrinology, 10th Edition, Philadelphia, e oeee
Elsevier Science. 2003 B Acik Erisim Politikast & % Benzerlik Degerlendirmesi
K . SRS e :
Kitap biliimii =¥ Dergi Kurullari % Dergi Internet Sitesi
itap boliimii R =
Ilgili béliim yazar ad(lar)s, ilgili bolim ady, editér(ler), kitabin
ady, yayim landig1 yer, yayievi, y1l, ilk ve son sayfa numarasi.
Marsh PD, Nyvad B. The oral microflora and biofilms on te- Iletisim Bilgileri
eth. In: Fejerskov O, Kidd E, editors. Dental caries the disease Taner BAYRAKTAROGLU, Bas Editor
and its clinical management. 2nd ed. Blackwell Munksgaard; 1Zonguldak Biilent Ecevit Universitesi, Tip Fakiiltesi,
2004. 29-48. Dabhili Tip Bilimler Béliimii, I¢ Hastaliklar1 Anabilim Daly,
Geviimici makaleler Endokrinoloji ve Metabolizma Hastaliklar: Bilim Dali

o o ) ?Zonguldak Biilent Ecevit Universitesi,
Abood S. Quality improvement initiative in nursing homes: Obezite ve Diyabet Uygulama ve Arastirma Merkezi
the ANA acts in an advisory role. Am ] Nurs [Internet yayini]. 67100, Zonguldak, Tiirkiye
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Editorden

Degerli Okuyucular,

Zonguldak Biilent Ecevit Universitesi, Obezite ve Diyabet Uygulama ve Arastirma Merkezi tarafindan yayinlanan “Tiirkiye Diyabet ve
Obezite Dergisi” 2024 yili Nisan (Cilt 8, Say1 1) say1sin1 sizlere sunmaktayiz.

Dergimiz, TUBITAK ULAKBIM TR Dizin tarafindan giincellenen yayimcilik etik ilkeleri, artan yayin ve atif sayist ile yayimlamayi ayni
kalitede siirdiirmektedir. Uluslararasi dizinlerde de kisa siirede yer almak i¢in ¢aligmaktayiz.

Dergimizin bu sayisinda klinik aragtirmalari iceren ve literatiire katkida bulunacak agagidaki makaleleri bulacaksiniz:

o Diabetes Mellituslu Hastalarda Biligsel Rezerv, Depresyon ve Anksiyetenin Karsilastirilmasi
o Gocukluk Cag1 Obezitesinin Koroidal Yapilar Uzerine Etkisinin Degerlendirilmesi

o Hastanemizde Yatan Tip 2 Diyabetli Hastalarda Trigliserid/Glukoz Indeksi ile Diyabetin Mikrovaskiiler Komplikasyonlar:
Arasindaki Tligki

« Diyabetik Ayak Bakimina Yénelik Hemsire Tutum Olgegi’nin Tiirk¢e’ye Uyarlanmasi ve Psikometrik Ozelliklerinin Incelenmesi

e Ordu Ili ve Cevresinde Diyabet Tansi ile izlenen Olgularin Demografik, Klinik, Laboratuvar Ozellikleri: Cocuklarda Obezite
Nedeniyle Tip 2 Diyabet Siklig1 Artiyor mu?

o Kronik Hastalarin Metabolik Sendrom Bilgi Diizeyleri ve Farkindaliklar
o Ankilozan Spondilitli Bireylerde Obezitenin Etkisi: Tek Merkezli Kohort Caligmasi

o Tip 1 Diyabetli Kiigitk Cocuklarin ve Saglikli Akranlarinin Beslenme Durumlar1 ve Yeme Davranislarinin Degerlendirilmesi:
Kontrollii Kesitsel Arastirma

o Obezite Aragtirmalari I¢in In Vitro Adiposit Hiicre Kiiltiirii Ile Etkili Model Olusturma: On Caligma
« Tip 2 Diabetes Mellituslu Hastalarda ABO ve Rh Kan Gruplari ile Diyabetin Mikrovaskiiler Komplikasyonlari Arasindaki iligki
o Glukagon Benzeri Peptit -1 Reseptér Agonisti Liraglutidin Sican Detriisor Kas Kasilma Yaniti Uzerine Etkisi

« Biyoelektrik Iimpedans Analizile Viicut Yag1 Yiizdesi Analizi Yapilan Cocuk ve Addlesanlarda Geleneksel ve Yeni Antropometrik
Indekslerin Karsilagtiriimasi

e 7-12 Yas Tip 1 Diyabetli Cocuklarin Okul Yasantisini Etkileyen Faktorlerin Belirlenmesi: Bir Universite Hastanesi Ornegi
Tiirkiye Diyabet ve Obezite Dergisinin yayinlanmasinda; desteklerini esirgemeyen Rektdriimiiz Prof. Dr. Ismail Hakki OZOLCER’e,

yazarlara, yazilar titizlikle degerlendiren hakemlerimize, Danisma Kurulumuza, Tiirkge ve Ingilizce Dil Redaksiyon Kurulumuza, Alan
Editorlerine, Biyoistatistik Editorlerimize, Yayin Kurulumuza ve yaymevimize tesekkiir ederiz.

3

Dr. Ogr. Uyesi Inci Turan Prof. Dr. Taner Bayraktaroglu
Say1 Editorii Bas Editor
Nisan 2024 Nisan 2024
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Dear Readers,

“Turkish Journal of Diabetes and Obesity”(2024, Volume 8, Issue 1) published by Zonguldak Biilent Ecevit University, Obesity and
Diabetes Application and Research Center.

Our journal continues to publish with the same quality, with the ethical principles of publishing updated by TUBITAK ULAKBIM TR
Index, and the increasing number of publications and citations. We are working to be included in international indexes in a short time.

In this issue of our journal, you will find articles that include clinical research and will contribute to the literature:

o Comparison of Cognitive Reserve, Depression and Anxiety in Patients with Diabetes Mellitus
o Evaluating the Effect of Childhood Obesity on Choroidal Structures

o Relationship Between Triglyceride-Glucose Index and Microvascular Complications in Hospitalized Patients with Type 2 Diabetes
Mellitus

o Nurse Attitude Scale Towards Diabetic Foot Care into Turkish Adaptation

o Demographic, Clinical and Laboratory Characteristics of Monitored Cases with Diabetes Diagnosis in Ordu Province and Its
Surroundings: Is the Prevalence of Type 2 Diabetes Increasing in Children Due to Obesity?

e Metabolic Syndrome Knowledge Levels and Awarenesses of Chronic Patients
o The Effect of Obesity in Individuals with Ankylosing Spondylitis: A Single Center Cohort Study

o  Evaluation of the Nutritional Status and Eating Behaviors of Young Children with Type 1 Diabetes and Healthy Peers: A Controlled
Cross Sectional Study

o Creating An Effective Model with In Vitro Adipocyte Cell Culture for Obesity Research: Preliminary Study

o The Relationship Between ABO and Rh Blood Groups and Microvascular Complications of Diabetes in Patients with Type 2
Diabetes Mellitus

o Effect of Glucagon-Like Peptide-1 Receptor Agonist Liraglutide on Rat Detrusor Muscle Contraction Response

o  Comparison of Traditional and New Anthropometric Indices in Children and Adolescents Whose Body Fat Percentage Analysis
was Performed with Bioelectrical Impedance Analysis

o Determination of Factors Affecting School Life of Children Aged 7-12 with Type 1 Diabetes: A Sample of a University Hospital
In the publication of the Turkish Journal of Diabetes and Obesity; We would like to thank to our Rector Prof. Dr. Ismail Hakki OZOLCER
for his support, to the authors, to our referees for carefully evaluating the articles, to our Advisory Board, to our Turkish and English

Language Editorial Board, to our Editors and Deputy editors, to technical supporters, to our Biostatistics Editors, to our Editorial Board
and our publishing house.

Inci Turan, Dr.Ac.Lec. Taner Bayraktaroglu, Prof., MD
Issue Editor Editor in Chief
April 2024 April 2024
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Original Article / Ozgiin Aragtirma

Comparison of Cognitive Reserve, Depression and
Anxiety in Diabetes Mellitus Patients

Serap TUNA' ©, Fatih OZDEN' @ 4, Emine Nese YENICERI? ®, Cem SAHIN® ®

"Mugla Sitki Kogman University, Koycegiz Vocational School of Health Services, Department of Health Care Services, Mugla, Tiirkiye
*Mugla Sitki Kogman University, Faculty of Medicine, Department of Family Medicine, Mugla, Tiirkiye
*Mugla Sitki Kogman University, Faculty of Medicine, Department of Internal Medicine, Mugla, Tiirkiye

Cite this article as: Tuna S et al. Comparison of cognitive reserve, depression and anxiety in patients with diabetes mellitus. Turk ] Diab Obes 2024;1: 1-5.

ABSTRACT

Aim: Few studies have comprehensively examined the cognitive reserve in patients with Diabetes Mellitus (DM). The purpose of this
study was to compare cognitive reserve, depression, and anxiety in patients with DM..

Material and Methods: A prospective cross-sectional study was conducted with a total of 80 participants (40 with DM and 40 with
healthy controls). Patients with DM diagnosed at a hospital's internal medicine outpatient clinic were included. Patients’ cognitive
reserve was evaluated with Cognitive Reserve Index Questionnaire (CRI). Depression and anxiety of the individuals were assessed with
Beck Depression Inventory (BDI) and Beck Anxiety Inventory (BAI), respectively. The difference between the groups was analyzed by
independent sample t-test. In addition, Pearson's correlation coefficient was used to assess the relationship between the parameters.

Results: Individuals with DM had significantly lower CRI-total (p=0.009) and CRI-education (p=0.011) scores. In addition, BDI
(p=0.001) and BAI (p=0.019) scores were higher in individuals with DM. Correlational analyses showed a statistically significant weak
negative correlation between BDI and CRI-total (r=-0.373, p=0.001), CRI-education (r=-0.294, p=0.008) and CRI-work (r=-0.386,
p=0.001) scores in individuals with DM.

Conclusion: The results of the present study revealed a lower cognitive reserve (particularly education-related component) in patients
with DM. Besides, depression and anxiety were higher in individuals with DM than in healthy controls. In participants with DM,
depression was associated with cognitive reserve (except leisure time).

Keywords: Anxiety and depression, Cognition, Psychological status, Type 2 diabetes

Diabetes Mellitus Hastalarinda Bilissel Rezerv, Depresyon
ve Anksiyetenin Karsilastirilmasi

0z
Amag: Diabetes Mellitus (DM) hastalarinda bilissel rezervi kapsamli bir sekilde arastiran bir ¢aliyma bulunmamaktadir. Bu ¢alismanin
amact DM’li hastalarda bilissel rezerv, depresyon ve anksiyetenin karsilastirilmasidir.

Gereg ve Yontemler: Toplam 80 katilimci (40 DM'li ve 40 saglikli kontrol) ile prospektif kesitsel bir ¢alisma ytiriitilmiistir. Caliymaya
bir egitim ve aragtirma hastanesinin dahiliye poliklinigine DM tanisiyla bagvuran hastalar dahil edilmistir. Hastalarin biligsel rezervi
Biligsel Rezerv indeksi Anketi (KRI) ile degerlendirilmistir. Bireylerin depresyon ve anksiyeteleri sirastyla Beck Depresyon Envanteri
(BDE) ve Beck Anksiyete Envanteri (BAE) ile degerlendirilmistir. Gruplar arasindaki fark bagimsiz 6rneklem t-testi ile analiz edilmistir.
Ayrica, parametreler arasindaki iliski icin Pearson korelasyon katsayisi kullanilmustir.

Bulgular: DMli bireylerin KRi-toplam (p=0,009) ve KRi-egitim (p=0,011) skorlar1 anlaml derecede diisiiktii. Ayrica, BDE (p=0,001) ve
BAE (p=0,019) puanlar1 DM'li bireylerde daha yiiksekti. Korelasyon analizleri DM'li bireylerde BDI ile KRi-toplam (r=-0,373, p=0,001),
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KRi-egitim (r=-0,294, p=0,008) ve KRi-is (r=-0,386, p=0,001) puanlar1 arasinda istatistiksel olarak anlamli negatif diisiik diizeyli

korelasyon oldugunu gostermistir.

Sonug: Bu ¢alismanin sonuglar;, DM'li hastalarda biligsel rezervin (6zellikle egitimle ilgili bilesen) daha diisiikk oldugunu ortaya
koymugtur. Ayrica, DM'i bireylerde depresyon ve anksiyete saglikli kontrollere gére daha yiiksekti. Depresyon, DM'li katilimcilarda

biligsel rezerv (bos zaman haric) ile iligkiliydi.

Anahtar Sozciikler: Anksiyete ve depresyon, Bilis, Psikolojik durum, Tip 2 diyabet

INTRODUCTION

Diabetes mellitus (DM) is a common metabolic disease
(1,2). In developed and developing societies, there is an in-
crease in the prevalence of type 2 DM, mainly due to life-
style changes (3). According to the results of the 7 Diabe-
tes Atlas of the “International Diabetes Federation (IDF)”,
there were 412 million patients with DM in 2015 (4).

Cognitive impairment in individuals with DM may affect
the management of the disease and lead to complications
(5). People with both type 1 and type 2 DM have been
shown to have a mild to moderate decrease in cognitive
function compared to non-diabetic controls (6). Research
suggests a link between DM and lower cognitive function,
but the specific cognitive domains affected can vary. One
study comparing elderly individuals with and without DM
found that those with diabetes were more impaired in exec-
utive function (5). Another study showed that individuals
with Type 2 DM were more affected in cognitive areas such
as information processing speed, memory, attention and
executive function than control groups (6). A lack of studies
investigated cognitive function in DM (7).

In addition to being a metabolic disease, In addition to be-
ing a metabolic disease, diabetes can impact psychosocial
and psychological well-being. The most common psychi-
atric conditions in diabetes are anxiety and depression (8).
Studies have shown that factors such as gender, age, edu-
cation, occupation, and longer duration of diabetes can in-
crease the risk of anxiety and depression (9). No other stud-
ies have comprehensively investigated the cognitive reserve
in patients with Diabetes Mellitus (DM). The purpose of
the study was to demonstrate the comparison of cognitive
reserve, depression and anxiety in patients with diabetes
mellitus.

MATERIALS and METHODS
Study Design

A prospective cross-sectional study was conducted with 80
individuals (40 with DM and 40 with healthy controls) be-
tween December 2022 and May 2023. The study included
patients admitted to the internal medicine outpatient clinic
of Mugla Sitk1 Kogman Research and Training Hospital with
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a diagnosis of type 2 DM.. Individuals were informed about
the purpose of this study, and their consent was obtained.
Participants were included if they met the following criteria:
(1) a diagnosis of type 2 DM for at least six months, and (2)
age between 18 and 65 years. Participants were excluded if
they had any of the following: (1) hearing or speech prob-
lems, or (2) psychiatric problems that would prevent com-
munication. The sample size was calculated using G*Power
software (10, 11) considering the effect size (Cohen's d =
0.80) by Co- hen’s d-based classification (12). A total of 70
participants were calculated to be adequate with 95% power
and 95% confidence level. It was determined that at least 35
cases were sufficient for both groups.

Ethical Consideration

The study was conducted following the Declaration of Hel-
sinki. Informed consent from the patients was obtained. The
study was approved by the local ethics committee of Mugla
Sitki Kogman University (No: 210022/13, Date: 03.12.2021).

Data Collection

The Cognitive Reserve Index Questionnaire (CRI) was used
to assess participants' cognitive reserve, while the Beck
Depression Inventory (BDI) and Beck Anxiety Inventory
(BAI) evaluated depression and anxiety, respectively. Per-
mission to use the Turkish versions of the BDI and BAI was
obtained from the researchers who established their relia-
bility and validity.

Cognitive Reserve Index Questionnaire: The CRI assesses
an individual’s cognitive reserve by collecting information
about his/her entire adult life (13,14). The Cronbach’s alpha
value of CRI was 0.62 in the development study and 0.78 in
the Turkish version study (13).

Beck Depression Inventory (BDI): BDI is a self-assessment
scale developed to determine the risk of depression (15).

Beck Anxiety Inventory (BAI): BAI is a self-assessment
scale to measure the prevalence of anxiety symptoms (16).

Statistical Analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics (Version 25). Descriptive statistics were reported as
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mean + standard deviation (SD) for continuous variables
and percentages (%) for categorical variables. The signif-
icance level was set at a = 0.05. One sample Kolmogor-
ov-Smirnov test and Histogram were used to show the nor-
mality of the variables. Considering the normal distribution,
the difference between the groups was analyzed by inde-
pendent sample t-test. In addition, Pearson’s correlation
coeflicient was used to analyze the relationships between
the parameters.

RESULTS

Demographic characteristics of the participants are pre-
sented in Table 1. The mean age of individuals with DM
(53.8+9.2 years) was significantly higher than those without
DM (47.5£13.4 years). Disease duration in the DM group
was 7.6+6.7 years.

Individuals with DM scored significantly lower on the
CRI-total (p=0.009) and the CRI-education (p=0.011). n
contrast, they had higher scores on the BDI (p=0.001) and
BAI (p=0.019) compared to the healthy control group. Cor-
relational analyses among participants with DM revealed
a statistically significant negative low-level correlation
between BDI scores and CRI-total (r=-0.373, p=0.001),
CRI-education (r=-0.294, p=0.008), and CRI-work (r=-
0.386, p=0.001) scores (Table 2).

The results of the correlational analysis also proved a sta-
tistically significant negative low-level correlation between
BDI and CRI-total, CRI-education and CRI-work scores in
individuals with DM. However, no significant correlation
was found between BDI scores and the CRI-leisure subscale
(p>0.005). On the other hand, no significant correlation was
observed between BDI and any score of CRI in individuals
with DM (p>0.005) (Table 3).

DISCUSSION

The results of the present study revealed a lower cogni-
tive reserve (particularly education-related component) in
patients with DM. Besides, depression and anxiety were
higher in individuals with DM than in healthy controls. De-
pression was associated with cognitive reserve (except lei-
sure time) in participants with DM. Since the impairment
of cognitive functions in individuals with DM is compre-
hended (5-7), further studies may elaborate on the current
results with observational and qualitative research on the
low cognitive status in individuals with DM. In addition,
clinical studies should explore the potential reasons for the
observed association between cognitive reserve and depres-
sion in this population.

Evidence demonstrates that cognition is reduced in indi-
viduals with diabetes (17). The prevalence of mild cognitive

Table 1: The baseline parameters of the groups.

Cases with Cases without

Parameters DM (n=40) DM (n=40)
Age (years +SD) 53.849.2 47.5%13.4  0.046
Gender, n (%)
Women 22 (55) 23 (57.5) 0.051
Men 18 (45) 17 (42.5)
Marital status, n (%)
Married 35 (87.5) 30 (75) 0.152
Single 5(12.5) 10 (25)
Duration of DM (years+SD)  7.6%6.7 n/a n/a
Comorbid disease, n (%) 27 (67.5) 12 (30) 0.001
Smoking, n (%) 11 (27.5) 7 (17.5) 0.156
Alcohol use, n (%) 7 (17.5) 4(10) 0.550

SD: standard deviation, n: number of patients, DM: Diabetes Mellitus

Table 2: Comparison between the groups.

Indices* Cases with Cases without
DM (n=40) DM (n=40)

CRI-total 78.8+12.2 86.4+13.2 0.009*
CRI-education 91.0£15.4 102.0+20.1 0.011*
CRI-work 92.8+13.4 98.4+12.6 0.059*
CRI-leisure 67.41+9.6 68.8+8.8 0.501*
BDI 17.6+8.9 8.1£5.6 0.001°
BAI 30.948.1 26.7+7.4 0.019*¢

Data were shown as “scoretstandard deviation”, CRI-total: Cognitive
Reserve Index-total score, CRI-education: Cognitive Reserve Index-ed-
ucation score, CRI-work: Cognitive Reserve Index-work score, CRI-lei-
sure: Cognitive Reserve Index-leisure score, BDI: Beck Depression Inven-
tory, BAI: Beck Depression Inventory.

Table 3: The comparison of cognitive reserve with depression and
anxiety in patients with DM.

n:40 BDI (r, p) BAI (1, p)

CRI-total -0.373 (0.001) -0.004 (0.975)
CRI-education -0.294 (0.008) 0.085 (0.452)
CRI-work -0.386 (0.001) -0.133 (0.241)

CRI-leisure -0.073 (0.519) -0.004 (0.975)

“r: Pearson correlation coeflicient, n: number of patients, CRI-total:
Cognitive Reserve Index-total score, CRI-education: Cognitive Reserve
Index-education score, CRI-work: Cognitive Reserve Index-work score,
CRI-leisure: Cognitive Reserve Index-leisure score, BDI: Beck Depres-
sion Inventory, BAI: Beck Depression Inventory”

impairment in individuals with type 2 DM is reported to
be approximately 45% (18). A recent meta-analysis detailed
the association between DM and cognitive impairment and
dementia based on the results of 144 prospective studies. It
has been established that biochemical indicators and pre-
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dictors increase the incidence of cognitive impairment even
in the early stages of pathology, including DM and predia-
betes (19). Another recent meta-analysis emphasized that
depression worsens cognition in individuals with DM and
may even lead to the risk of dementia (20). Studies empha-
size that depression and, thus, cognitive losses can be pre-
vented by improving glycemic index control with exercise
and different biological methods (21).

Cognitive reserve in individuals with DM has not been com-
prehensibly addressed so far. Our study is unique in this
regard. So far, many studies have shown the relationship be-
tween cognition and cognitive reserve. In older individuals,
the relationship between age-related cognitive functions,
particularly with the educational component of cognitive
reserve, has been demonstrated (22). Although this result
was obtained in community-dwelling older individuals, the
study of cognitive reserve has evolved more critically due to
the proof that cognitive impairment is observed in DM even
at younger ages (23).

According to our results, lower cognitive reserve in individ-
uals with DM compared to healthy controls was expected
due to cognitive impairments in this case group. Our results
confirmed that low cognition in elderly individuals is main-
ly related to the educational component of the CRI. Educa-
tional components such as years of education and vocation-
al courses are lower in individuals with DM and should be
investigated in more detail, together with cognitive capacity.
Neurophysiological studies can further investigate the cau-
sality of academic life history on DM.

It has been observed that depression negatively affects cog-
nition in individuals with DM. Our study determined that
cognitive reserve based on work and education was more
related to depression than leisure time. The relationship be-
tween work, education background, and depression com-
pared to leisure time activities can be elaborated with qual-
itative research. The higher depression in individuals with
low cognitive function may be related to the severity of the
pathology of the disease. Consideration of DM tests, glyce-
mic index, and other clinical parameters will increase the
significance of the results (24).

Cognitive disorders in individuals with DM may affect
their cognitive reserve capacity. Therefore, the follow-up
of individuals with DM with cognitive behavioral training
programme in clinical practice (25), especially with an ed-
ucational component, may increase their cognitive capac-
ity and thus improve both their physical and psychosocial
conditions. Another hypothesis is that the predisposition
of individuals with low cognitive reserves to the develop-
ment of DM may be associated with unhealthy lifestyle and
habits. However, our study cannot provide results that can
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underline these hypotheses. Therefore, comprehensive re-
search with causality and qualitative design studies should
be provided.

Limitations

The major limitation of our study is that the cognitive re-
serves of the participants were analysed without evaluating
their cognitive levels. The Mini-Mental Test Examination
or more advanced cognitive status assessment tools could
have provided a broader spectrum of interpretation of our
results (26). Secondly, we did not provide a clinical exami-
nation for depression and anxiety. Since patients with DM
admitted to the internal medicine outpatient clinic were
included in the study, we did not have access to these diag-
nostic testing facilities.

Conclusion

The results of the present study revealed that patients with
diabetes mellitus (DM) have lower cognitive reserve, par-
ticularly in the education domain, and experience high-
er levels of depression and anxiety compared to healthy
controls. Furthermore, depression was associated with all
aspects of cognitive reserve (except leisure time) in the di-
abetic group. Since the impairment of cognitive functions
in individuals with DM is comprehended, further studies
may elaborate on the current results with observational and
qualitative research on the low cognitive status in individu-
als with DM. In addition, clinical studies on why cognitive
reserve may be associated with possible depression may em-
bellish our results.
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ABSTRACT
Aim: To evaluate the effect of childhood obesity on choroidal structures with spectral-domain optical coherence tomography (SD-OCT).

Material and Methods: A total of 80 children (20 children per each group; healthy, overweight, obese, and morbid-obese) were included
in the study. Accompanying comorbidities such as insulin resistance, dyslipidemia, and metabolic syndrome were recorded. The
subfoveal choroidal thickness (SFCT) and choroidal vascularity index (CVI) measurements were obtained from SD-OCT images and
compared between groups.

Results: No notable differences were found between groups regarding the means of age and axial length (p=0.504, and p=0.805,
respectively). The SFCT medians (min-max) of healthy, overweight, obese, and morbid-obese children were 398.5 (319.0-453.5) um,
299.0 (274.7-387.0) pum, 295.5 (257.0-385.0) um, and 304.5 (272.2-386.0) um respectively. Overweight and obese children had thinner
choroid than non-obese healthy children (p=0.032). Besides, no significant correlation was observed between the severity of obesity and
SFCT (p=0.722). In terms of CV], total choroidal area, luminal area, and stromal area; no significant differences were found between
groups (p=0.710, p=0.452, p=0.221, and p=0.863, respectively). Obese children with dyslipidemia had thinner SFCT than those not have
dyslipidemia (292.0 (166-431) um vs 348.0(173-491) pm, p=0.003), while insulin resistance and metabolic syndrome had no effect on
SECT (p=0.336, and p=0.211, respectively).

Conclusion: Childhood obesity and accompanying dyslipidemia led to a decrease in SFCT without any significant change in the CVI.
However, the severity of obesity and having insulin resistance or metabolic syndrome had no effect on either SFCT or CVL. The thinning
in the SFCT may be related to microvascular disorders due to childhood obesity and dyslipidemia.

Keywords: Childhood obesity, Choroidal vascularity index, Subfoveal choroidal thickness, Optical coherence tomography

Cocukluk Cag1 Obezitesinin Koroidal Yapilar Uzerine Etkisinin Degerlendirilmesi

oz

Amag: Cocukluk ¢ag1 obezitesinin koroidal yapilar tizerindeki etkilerini spektral domain optik koherens tomografi ile degerlendirmek.
Gereg ve Yontemler: Calismaya her gruptan (saglikli, fazla kilolu, obez ve morbid-obez) 20’ ser toplamda 80 ¢ocuk dahil edildi.
Olgularin insiilin direnci, dislipidemi ve metabolik sendrom gibi komorbiditelerinin varlig: kaydedildi. Olgularin optik koherens
tomografi gériintiilerinden elde edilen subfoveal koroid kalinligi (SFKK) ve koroid vaskiilarite indeksi (KVI) degerleri kargilastirildi.

Bulgular: Gruplar yas ve aksiyel uzunluk ortalamalar1 agisindan benzer bulundu (sirasiyla p=0,504 ve p=0,805). Saglikly, fazla kilolu,
obez ve morbid-obez ¢ocuklarda medyan (min-maks) SFKK sirasiyla 398,5 (319,0-453,5) um, 299,0 (274,7-387,0) pum, 295,5 (257,0-
385,0) um ve 304,5 (272,2-386,0) um idi. Fazla kilolu ve obez ¢ocuklarda SFKK saglikli ¢ocuklara gore daha inceydi (p=0,032). Ancak
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Childhood Obesity and Choroidal Vascularity Index

obezite siddeti ile SFKK istatistiksel olarak iligkili bulunmadi (p=0,722). Gruplar arasinda KVI, toplam koroid alani, luminal alan ve
stromal alan agisindan anlamli fark yoktu (sirasiyla p=0,710, p=0,452, p=0,221 ve p=0,863). Dislipidemisi olan obez ¢ocuklarda SFKK,
dislipidemisi olmayanlara gore daha diisiik bulundu (292,0(166-431) um vs 348,0(173-491) um, p=0,003). Eslik eden insiilin direnci ve
metabolik sendrom varliginin ise SFKK iizerine etkisi gozlenmedi (p=0,336 ve p=0,211, sirasiyla).

Sonug: Cocukluk cag1 obezitesi ve eslik eden dislipidemi varligi, KVi'de herhangi bir anlamli degisiklik yapmadan SFKK'de azalmaya
yol agmaktadir. Ancak obezite siddeti ve eslik eden insiilin direnci veya metabolik sendroma sahip olmanin SFKK veya KVI iizerinde
etkisi gozlenmemistir. SFKK parametresinde incelme goriilmesi ¢ocukluk ¢agi obezitesi ve dislipidemi varligina bagli mikrovaskiiler

bozukluklar ile iligkili olabilir.

Anahtar Sozciikler: Cocukluk ¢agi obezitesi, Koroid vaskiilarite endeksi, Subfoveal koroid kalinligi, Optik koherens tomografi

INTRODUCTION

Childhood obesity is a global health problem that affects the
whole world, regardless of gender and ethnicity. It is esti-
mated that around 10% of children younger than 5 years
of age worldwide are overweight and obese (1). Obese indi-
viduals are at serious risk for certain comorbidities such as
diabetes mellitus type 2, cardiovascular disease, metabolic
syndrome etc. (2-4). Those comorbidities, especially DM,
have been shown by optic coherence tomography (OCT) to
affect retinal layers (5-7).

The vascular network is an important system affected by
obesity, both morphologically and functionally (8). Ocular
vasculature and blood flow are also affected by obesity-re-
lated potential endothelial dysfunction and vascular dam-
age (9). Therefore, assessing the choroid—one of the body’s
most vascularized tissues—might be an essential measure
of the microvascular changes associated with obesity. Thus
far, the impact of obesity on the choroid has been assessed
through changes in subfoveal choroidal thickness (SFCT)
(10-15). Nevertheless, SFCT is influenced by a variety of
circumstances and is unable to offer comprehensive details
regarding the choroid’s vascular and stromal organization
(16,17). Recently, a more solid biomarker called the cho-
roidal vascularity index (CVI) has been introduced. It is
based on the binarization of enhanced depth imaging (EDI)
mode of spectral domain-optical coherence tomography
(SD-OCT) images and provides details on the proportion-
al alteration of the choroid’s stromal and luminal vascular
components (18). Thus, the current study is designed to
evaluate the effect of childhood obesity on choroidal vascu-
lar structures for the first time in the literature.

MATERIAL and METHODS

This prospective cross-sectional study was conducted in
compliance with the principles of the Declaration of Hel-
sinki at the Ophthalmology and Pediatric Endocrinology
Departments of Zonguldak Bulent Ecevit University Facul-
ty of Medicine after the approval of the Ethics Committee

of Zonguldak Bulent Ecevit University (2022/06-09). In-
formed consent and oral assent were received from the legal
guardians of the participants.

The children examined in the Department of Pediatric En-
docrinology between March and July 2022 were included in
the study. A scale and a stadiometer (Seca, Chino, CA) were
used to measure body weight and height with patients wear-
ing light clothes. Body mass index was computed by division
of the weight by the square of the height (kg/m?) and the
body mass index standard deviation score (BMI-SDS) was
categorized using the age and sex-adjusted standard growth
charts of Turkish children (19). According to BMI-SDS val-
ues children were classified into 4 groups: non-obese group
if the BMI-SDS is between -1 and 1; overweight group if
the BMI-SDS is between 1-2; obese group if the BMI-SDS
is between 2-3; and morbid-obese group if the BMI-SDS is
>3. The study group consists of overweight, obese, and mor-
bidly obese groups while the non-obese group was accepted
as the control group. 20 children per each BMI-SDS group
were referred to Ophthalmology Department.

Blood pressure measurements of the children were taken
while seated following of 5-minute rest period. Obese chil-
dren underwent blood sample collection in the morning
following an overnight fasting period. These samples were
then analyzed for serum insulin levels, plasma glucose levels,
and plasma lipid profiles. According to homeostasis model
assessment of insulin resistance (HOMA-IR), a HOMA-IR
score of >2 was accepted to indicate insulin resistance (20).
Endocrine Society Clinical Practice Guideline was used to
determine dyslipidemia (21). Metabolic syndrome (MS)
was diagnosed according to International Diabetes Feder-
ation criteria for children (22).

All children underwent a complete ophthalmic examina-
tion between 9-11 am by the same ophthalmologist (TGE)
including axial length measurement with optical biometer
(Optical Biometer AL-Scan, Nidek Co., Japan) and EDI
mode of OCT imaging with the SD-OCT device (Spectralis,
Heidelberg Engineering, Heidelberg, Germany).
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Children with systemic diseases such as diabetes mellitus
and autoimmune diseases or significant ophthalmologi-
cal diseases, amblyopia, BCVA < 20/20, poor image qual-
ity, and young children unable to cooperate for OCT were
among the exclusion criteria for this study.

Binarization of EDI-OCT images was performed using the
method reported by Tan et al. (23). ImageJ 1.51 program
(National Institutes of Health, Bethesda, MD, USA) was
used for analyzing horizontal subfoveal EDI-OCT images.
The distance from the lower margin of the retinal pigment
epithelium (RPE) to the scleral border at the subfoveal re-
gion was recorded as the SFCT. A perpendicular line over-
lay was drawn through the fovea’s center using the line tool.
A total choroidal area (TCA) was defined by drawing two
750 pm lines from the fovea's center to both sides, covering
a total of 1500 pm. The polygon’s three vertices were posi-
tioned on the TCA’s upper and below borders. The TCA’s
lower boundary was traced at the choroid-scleral junction,
whereas its upper border was traced along the lower mar-
gin of RPE (Figure 1A). The EDI-OCT picture/image was
first converted to an 8-bit format and then thresholded us-
ing Niblack’s thresholding approach to binarize the images
(Figure 1B). After that, the image was converted back to red,
green, and blue. Black pixels, which represent the luminal
(vascular) region (LA), were then demarcated with the color
threshold tool. White pixels, representing the stromal area
(SA), were generated by computing the differences between
the TCA and LA. Lastly, the ratio of LA to TCA was used
for determining CVL

Statistical Analysis

Data analysis was performed with IBM SPSS 23.0 software
(SPSS Inc. Chicago, USA). Descriptive statistics were used
to summarize the data. For categorical variables, frequen-
cies and percentages were utilized, while for continuous
variables, mean + standard deviation and median with
minimum-maximum value were reported. The normalcy
of the data was assessed using the Kolmogorov-Smirnov
test. When comparing independent groups of continuous
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variables, data with a normal distribution were analyzed
using one-way ANOVA, while data with non-normal dis-
tributions were subjected to the Kruskal Wallis test. The
categorical variables were compared between groups us-
ing the Chi-Square test. If necessary, pairwise comparisons
were made using the Mann-Whitney U test and evaluated
using the Bonferroni correction. Statistical significance was
defined as p<0.05. G-Power 3.1.9.7 software was used for a
power analysis, which revealed a power of 81.1% to detect
an effect size of f=0.3 with a total sample size of 80 for the
four groups.

RESULTS

The demographic, anthropometric, and ocular characteris-
tics of the children in control and study groups (20 children
for each SDS group) are shown in Table 1. No statistical-
ly significant differences between groups were found in
terms of age, gender distribution, and axial length (p=0.504,
p=0.493, and p=0.805 respectively). Of the children in the
study group, 44 (73%) had insulin resistance, 25 (41%) had
dyslipidemia, and 15 (25%) had metabolic syndrome. The
distribution of comorbidities in obese children is shown in
Table 2.

Measurements of choroidal structural parameters are
shown in Table 3. The medians (min-max) of SFCT in
healthy, overweight, obese, and morbid-obese children
were 398.5 (319.0-453.5) pum, 299.0 (274.7-387.0) um, 295.5
(257.0-385.0) um, and 304.5 (272.2-386.0) um respectively.
Children in the study group had thinner SFCT compared to
non-obese healthy children (p=0.032). There was no statis-
tical correlation between the severity of obesity and SFCT
(p=0.722). The groups showed no significant differences re-
garding CVI, TCA, LA, and SA (p=0.710, p=0.452, p=0.221,
and p=0.863, respectively).

The effects of comorbidities on choroidal parameters in
obese children are shown in Figure 2 and Figure 3. Obese
children with dyslipidemia had lower SFCT than those
without dyslipidemia dyslipidemia (292.0 (166-431)um vs
348.0 (173-491)pum, p=0.003), while neither IR nor MS had

interest outlined.
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Table 1: Demographic and anthropometric data of participants.

Control Group Study Group
Healthy (n=20) Overweight (n=20) Obese (n=20) Morbid-obese (n=20) v
Age, years=SD 10.5+0.7 11.0£5.6 11.0£2.1 11.82+5.6 0.504"
Gender
Female 10 12 14 11 0.493"
Male 10 8 6 9
Weight, kg+SD 42.1£16.6 52.3t13.4 65.6£13.9 81.6+£22.3 <0.001"
Height, cm+SD 146.6+18.5 149.7+9.8 151.0£11.0 151.949.6 0.393"
BMI-SDS+SD 0.1£0.7 1.6+£0.2 2.5+0.1 3.3+0.4 <0.001"
Axial length, mm=*SD 22.96+0.9 23.11+0.1 23.30+0.6 23.10+0.06 0.805"
BMI-SDS: Body mass index standard deviation score, ANOVA test, “Chi-square test.
Table 2: Frequencies of comorbidities in the study group.
Comorbidities Overweight (n=20) Obese (n=20) Morbid-Obese (n=20) Total (n=60)
Insulin Resistance 15 (75%) 16 (80%) 12 (60%) 43 (73%)
Dyslipidemia 8 (40%) 9 (45%) 8 (40%) 25 (41%)
Metabolic Syndrome 7 (35%) 4 (20%) 2 (10%) 13 (21%)
Table 3: Choroidal parameters according to the obesity severity.
Control Group Study Group N
Healthy (n=20) Overweight (n=20) Obese (n=20) Morbid-obese (n=20) Y
SECT, pm 398.50 (319.0-453.5) 299.00 (274.7-387.0) 295.50 (257.0-385.0) 304.50 (272.2-386.0) 0.032
CVI (%) 67.61 (66.5-70.5) 66.87 (64.1-69.1) 67.85 (64.2-71.0) 67.56 (66.2-69.5) 0.714
TCA, mm? 0.47 (0.45-0.60) 0.45 (0.38-0.52) 0.51 (0.42-0.60) 0.49 (0.46-0.57) 0.456
LA, mm? 0.32 (0.30-0.39) 0.30 (0.25-0.34) 0.35(0.29-0.38) 0.33(0.30-0.38) 0.224
SA, mm? 0.14 (0.13-0.20) 0.15(0.11-0.19) 0.15 (0.12-0.19) 0.16 (0.14-0.20) 0.862

SFCT: Subfoveal choroidal thickness, CVI: Choroidal vascularity index, TCA: Total choroidal area, LA: Luminal area, SA: Stromal area, Kruskal
Wallis test.
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Figure 2: Effect of comorbidities on subfoveal choroidal thickness. Participants with dyslipidemia had lower subfoveal choroidal
thickness. Having insulin resistance or metabolic syndrome had no effect on subfoveal choroidal thickness.
+: Having the co-morbidity; -: Not having the co-morbidity. Mann-Whitney U test
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Figure 3: Effect of comorbidities on choroidal vascularity index. None of the comorbidities had a significant effect on the choroidal

vascularity index in the study group.

+: Having the co-morbidity; -: Not having the co-morbidity. Mann-Whitney U test

asignificant effect on SFCT (p=0.336, p=0.211, respectively)
(Figure 2). The presence of IR, dyslipidemia, or MS also had
no significant effect on CVI in the study group (p=0.472,
p=0.253, and p=0.602, respectively) (Figure 3).

DISCUSSION

The present study found that overweight and obese children
have thinner SFCT compared to healthy children. Howev-
er, there was no relationship between the severity of obesity
and SFCT. In addition, no significant differences in CVI,
TCA, LA, and SA were observed between groups.

Obesity is a multifactorial condition and affects several
organ systems. It has been reported that atherosclerotic
changes in the macrovascular system such as increased in-
tima-medial thickness and arterial stiffness begin even in
childhood (24,25). Takiuchi et al. also revealed that obesi-
ty-associated microvascular and macrovascular alterations
arerelated (26). Structural changes in the retinal vasculature
of obese people without hypertension and diabetes were
also documented in the Blue Mountains Eye Study (27).
The same microvascular deterioration was also observed in
obese children (28, 29). Tenlik et al. also revealed that thick-
nesses of macular ganglion cell-inner plexiform layer and
the retinal nerve fiber layer were inversely correlated with
the severity and duration of childhood obesity (30).

In addition to retinal vasculature, the choroid had been also
evaluated to reflect microvascular changes in obesity but
the results are controversial. The Copenhagen Child Cohort
2000 Eye Study showed that SECT increased with height in
both boys and girls, and with weight in girls only, but no
correlations were observed between SFCT and BMI (31).

Turk ] Diab Obes 2024; 1: 6-12

In contrast, some recent studies revealed that compared to
healthy controls, obese children’s choroids were noticeably
thinner (12-14). Our results also showed significant cho-
roidal thinning in obese children in comparison to healthy
subjects.

Sympathetic and parasympathetic mechanisms play a pivot-
al role in regulating of the choroidal circulation (32). High
BMI is known to disrupt these vasoregulation mechanisms
mechanisms by increasing vasoconstrictor molecules such
as angiotensin-II and endothelin-1, and reducing vasodila-
tors such as NO (33,34). The decrease in NO levels can lead
to increased choroidal vascular resistance, reduced blood
flow, and ultimately decreased choroidal thickness (35-37).
The other proposed histopathological theory for microvas-
cular damage is based on the oxidative stress phenomenon,
in which the overproduction of free oxygen radicals due to
increased mitochondrial and peroxisomal fatty acid oxida-
tion results in interaction with proteins, large molecules like
DNA, and ultimately results in vascular endothelial cell im-
pairment (38).

In the current study, it’s found that obese children had low-
er SFCT than healthy controls. In addition to the possible
mechanisms written above having comorbidities such as IR
and dyslipidemia may also affect the results. Esmalpour et
al. showed a significant SFCT thinning in diabetic adults
without retinopathy, suggesting that diabetic choroidop-
athy may begin before diabetic retinopathy (39). We also
found that obese children with dyslipidemia, which is an-
other atherosclerotic risk factor, had thinner SFCT. In our
cohort, a significant proportion of obese children had IR
(73%) and dyslipidemia (41%). By this aspect, these comor-
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bidities may have an additional effect on choroidal thinning
in obese children.

There are few studies evaluating the association between
CVI and obesity and they both revealed no significant
change in CVI with rapid weight loss with surgery in mor-
bidly obese patients (40,41). Similarly, the present study
showed no significant change in the CVI by obesity and its
degree. Although a notable decrease was observed in SFCT,
the lack of significant changes in TCA and LA suggests that
the vascular region in the choroid is affected at a similar rate
to the stromal region.

This study has a number of limitations. First, even though
the sample size is sufficient to make statistical inferences,
it may be relatively small to apply the findings to all obese
children. More comprehensive investigations with larger
study populations and epidemiological data may produce
more reliable findings. Second, OCT measurement variabil-
ity and imperfections could introduce bias. Therefore, more
sophisticated methods are required to study choroidal tis-
sue. Finally, due to the cross-sectional design of the present
study, a prospective investigation with a longer follow-up
time might yield more accurate results and implications for
the future.

To our knowledge, this is the first study to investigate the
effects of childhood obesity on CVI. These results, show-
ing a decrease in SFCT without a significant change in CVI
despite varying obesity severity, are important for under-
standing how childhood obesity affects choroidal structure
and vascularization.
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ABSTRACT

Aim: The increasing prevalence of diabetes mellitus (DM) brings about a rise in nephropathy, retinopathy, and neuropathy, which
are microvascular complications of diabetes. The triglyceride-glucose (TyG) index is a convenient indicator of insulin resistance. It is
related to microvascular and macrovascular complications among nonhospitalized patients with diabetes. However, it is unclear if the
TyG index poses risks for vascular complications of type 2 DM in hospitalized patients. This study aims to investigate possible relations
between this index and the risk of microvascular complications in hospitalized patients with type 2 DM.

Material and Methods: The present study included 420 type 2 DM patients who were hospitalized in our clinic between February 2019
and May 2022. The TyG index was measured as fasting triglycerides mg/dL x fasting glucose mg/dL/2. The presence of microalbuminuria
(MAU), diabetic neuropathy, chronic kidney disease (CKD), and retinopathy (DR) were evaluated. The data were analzed using IBM
SPSS 22.0 statistical software. The level of statistical significance was taken as p<0.05.

Results: Among the patients (164 males, 256 females), the median age was 61 years (20-91).. Diabetic nephropathy, retinopathy, and
neuropathy rates were 34.0%, 35.4%, and 50.5%, respectively. Patients with diabetic nephropathy had significantly higher TyG index
values (9.67+0.84) compared to those without (9.48+0.75, p=0.019). No significant associations were found between the TyG index and
retinopathy or neuropathy.

Conclusion: High TyG index values were associated with diabetic nephropathy in hospitalized patients with T2DM. The TyG index may
be a useful, easy-to-measure marker for early detection and prevention of diabetic nephropathy in clinical settings.

Keywords: Triglyceride-glucose index, Diabetic retinopathy, Diabetic nephropathy, Diabetic neuropathy

Hastanemizde Yatan Tip 2 Diyabetli Hastalarda Trigliserid/Glukoz indeksi ile
Diyabetin Mikrovaskiiler Komplikasyonlar1 Arasindaki Iliski

(0Y4
Amag: Diyabetes melitusun (DM) prevalansindaki artis, diyabete bagli mikrovaskiiler (nefropati, retinopati ve ndoropati)
komplikasyonlarin artisini da beraberinde getirmektedir. Trigliserid/glukoz indeksi (TyG) insiilin direncini yansitmakta kullanish bir
gostergedir. Ayakta tedavi alan diyabetli hastalarda mikrovaskiiler ve makrovaskiiler komplikasyonlar ile arasindaki iliski gosterilmistir.
Ancak yatan hastalarda bu iligki net degildir. Hospitalize olan tip 2 diyabetli hastalarda trigliserid/glukoz indeksi ile diyabetin
mikrovaskiiler komplikasyonlar: arasindaki olasi iligkiyi aragtirmay: amagladik.

Gereg ve Yontemler: Bu ¢alismaya $ubat 2019-Mayis 2022 tarihleri arasinda tip 2 DM nedeniyle yatirilan toplam 420 hasta dahil edildi.
Trigliserid/glukoz indeksi aglik trigliserid mg/dl x aglik glukoz mg/dl/2 formiiliine gore hesaplandi. Her bir hasta igin mikroalbuminiiri,
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kronik bobrek hastaligi (KBH), diyabetik noropati ve retinopati (DR) varligi degerlendirildi. Verilerin analizinde IBM SPSS 22 yazilim1

kullanildi. Anlamlilik degeri p<0,05 olarak kabul edildi.

Bulgular: Hastalarin 256’s1 (%61,0) kadin, 164’1 (%39,0) erkekti. Ortanca yas 61 (20-91) yil olarak hesaplandi. Hastalarin %34,0’tinde
nefropati, %35,4’tinde retinopati ve %50,5inde néropati saptandi. TyG indeksi diyabetik nefropatili hastalarda nefropatisi olmayan
hastalara gore anlamli derecede yiiksekti (9,67+0,84 vs 9,48+0,75, p=0,019). Retinopati ve noropatinin TyG indeksi ile iligkisi yoktu.

Sonug: Yiiksek TyG indeksi, tip 2 DM'li hastalarda nefropati varligiyla iliskilidir ve pratikte diyabetik nefropatinin erken tespiti ve

6nlenmesi i¢in ucuz, 6l¢timii kolay bir belirteg olarak kullanilabilir.

Anahtar Sozciikler: Trigliserit-glikoz indeksi, Diyabetik retinopati, Diyabetik nefropati, Diyabetik néropati

INTRODUCTION

Diabetes mellitus (DM) is rapidly rising globally, particu-
larly in developing countries. This increase is accompanied
by a surge in diabetes-related microvascular complications,
including nephropathy, retinopathy, and neuropathy (1).
Diabetic nephropathy, the leading cause of end-stage renal
disease, is the most common microvascular complication
(2). This complication stands out as the most significant rea-
son for blindness among people who work actively in the
Western world (3). In patients with diabetic retinopathy,
regulation of modifiable risk factors may positively affect
the progression of the disease. Diabetic neuropathy is seen
in 26% of patients 5 years after the diagnosis of DM and in
41% after 10 years. Asymmetric sensory changes occur in
approximately half of patients with clinical DM (4).

Insulin resistance, which arises from metabolic abnormali-
ties, is a primary contributing factor for type 2 DM. Chronic
hyperglycemia and insulin resistance can lead to vascular
damage, highlighting the importance of monitoring insulin
resistance for preventing type 2 DM and its complications
(5). Traditional methods like hyperinsulinemic euglycemic
clamps to measure insulin resistance are expensive and
time-consuming (6). As an alternative method, the homeo-
stasis model assessment of insulin resistance (HOMA-IR) is
extensively utilized in clinical settings (6). However, insulin
and c-peptide assays are expensive and may not be availa-
ble in all laboratories. Therefore, easier and more applicable
methods are needed. The triglyceride-glucose (TyG) index
can be obtained by values of fasting triglyceride and glu-
cose used to detect insulin resistance. This index has a better
predictive performance than the HOMA-IR and hyperinsu-
linemic-euglycemic glucose clamp (7,8).

Studies have explored the link between the TyG index and
vascular damage. However, the predictive power of the
TyG index for microvascular complications in hospitalized
patients, who often have elevated glucose and triglyceride
levels, remains unclear. Existing research on this topic is
scarce. The present study aims to investigate the potential
association between microvascular complications and the
TyG index in hospitalized patients with type 2 DM.
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MATERIALS and METHODS

This retrospective study was conducted between February
2019 and May 2022 by reviewing medical records of pa-
tients hospitalized for management of hyperglycemia and
evaluation of diabetes-related complications.. Patients with
type 1 DM, pregnant women, and patients aged below 18
were not accepted into the study. The glucose and lipid val-
ues of the patients were measured after 8 hours of fasting
at night. The data on age, gender, fasting glucose, anti-di-
abetic drugs, lipid-lowering drugs, low-density (LDL) and
high-density lipoprotein (HDL), triglyceride, total choles-
terol, and HbA1c values of each patient were collected. The
TyG index was calculated for each patient using the formu-
la: fasting triglyceride (mg/dl) x fasting glucose (mg/dl) / 2
(5,6). The correlation between the TyG index and microvas-
cular complications of diabetes was investigated.

For neuropathy examination, the pinprick test, light touch
perception using 10-g monofilament, vibration threshold
using a 128 Hz tuning fork, and ankle reflexes were evalu-
ated. Patients who were found to have symmetrical, asym-
metrical, or focal diabetic neuropathy and who use drugs
for neuropathic pain were recorded as having diabetic
neuropathy. To assess retinopathy, an ophthalmologist
used an ophthalmoscope to examine the retina according
to the International Classification of Diabetic Retinopathy
established by the American Academy of Ophthalmology.
Patients diagnosed with proliferative or non-proliferative
diabetic retinopathy were categorized as having retinopa-
thy. Following the American Diabetes Association guide-
lines, urinary albumin excretion was measured to assess
nephropathy. Accordingly, our study recorded urine albu-
min/creatinine ratio <30 mg/gr as no nephropathy, and >30
mg/gr was recorded as high urinary albumin excretion and
diabetic nephropathy. Chronic kidney disease (CKD) was
defined as eGFR < 60 mL/min per 1:73 m?.

Statistical Analysis

Data analyses were performed using IBM SPSS 22.0 soft-
ware. Descriptive statistics included numbers and percent-
ages for categorical variables, and meantstandard deviation
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or median and first and third quartiles (IQR) for the nu-
merical variables. The Kolmogorov-Smirnov test was uti-
lized to determine the conformity to normal distribution in
the study groups. For two independent group comparisons,
the T-test was employed when the condition of normal dis-
tribution was met. Additionally, the Mann-Whitney U test
was utilized when this condition was not met. For the com-
parison of categorical variables, the chi-square test was em-
ployed. Statistical significance level was accepted as p<0.05.
A power analysis was conducted following the methods of
Liu et al. (9). We used the G*Power 3.1.9 software for the
power analysis (o err=0.05, power 95%; effect size: 0.425; to-
tal sample size: 290 patients). We completed the study with
420 patients after accounting for exclusions and drop-outs.

RESULTS

The study sample consisted of 420 patients in total. Of these
patients, 256 (61.0%) were female and 164 (39.0%) were
male. The median age was 61 years (20-91), and the median
duration for diabetes was 12.0 years (1-42). The data on ne-
phropathy, retinopathy, and neuropathy were analyzed in
415, 412, and 418 patients, respectively. Nephropathy was
observed in 141 (34.0%), retinopathy in 146 (35.4%), and
neuropathy in 211 patients (50.5%) (Table 1).

Table 1: Demographical features and laboratory findings of
patients.

Demographical and Laboratorial Findings
Parameters (n=420)

Age (year) * 61 (20-91)
Gender (male/female) n(%) 164(39.0) / 256 (61.0)
Duration of diabetes (years)* 12.0 (1-42)
Hypertension (n=355) 266 (74.9)
Diabetic nephropathy (n=415) 141 (34.0)
Diabetic retinopathy (n=412) 146 (35.4)
Diabetic neuropathy (n=418) 211 (50.5)
HbA1C (%+SD) 9.91+2.31

Total cholesterol (mg/dl)* 175 (80-790)

Patients with diabetic nephropathy had significantly higher
TyG index values compared to those without nephropathy
(p =0.019). The TyG index value was 9.67+0.84 in patients
with diabetic nephropathy, while it was 9.48+0.75 in pa-
tients without nephropathy. The TyG index was similar in
those with and without retinopathy and those without neu-
ropathy. The TyG index was 9.65+0.82 in diabetic retinop-
athy patients and 9.50+0.77 among patients without retin-
opathy (p=0.078). Furthermore, we observed a TyG index
value of 9.62+0.83 in patients with diabetic neuropathy and
9.47+0.74 in patients without neuropathy (p=0.051) (Tables
2-4).

When the patients were grouped according to their HbAlc
levels, higher rates of diabetic retinopathy and neuropathy
were detected among patients with HbAlc > 9 than those
with HbA1c<9 (p=0.002 and p=0.003, respectively). There
was no significant difference in nephropathy prevalence
between the two HbAlc groups (p = 0.724). The mean
Ty/G index was 9.22+0.76 in patients with HbAlc< 9% and
9.73%0.74 in patients with HbAlc > 9% (p<0.001) (Table 2).

Table 2: The correlation between the TyG index and diabetic
retinopathy.

10,00
p=0078

Triglyceride-glucose Index

Present Absent

Retinopathy

Table 3: The correlation between the TyG index and diabetic
neuropathy.

Triglyceride (mg/dl)* 168 (41-2189)
LDL cholesterol (mg/dl)* 101 (18-453)
HDL cholesterol (mg/dl)* 38 (15-103)
Fasting glucose (mg/dl)* 161.0 (37-640)
Triglyceride-glucose index+SD 9.54+0.79

Creatinine (mg/dl)* 0.79 (0.39-9.9)

Uric acid (mg/dl)* (n=371) 5.10 (1.40-13.40)
*Data are presendet as median (minimum.-maximum). SD, standart
deviation. LDL: Low-density lipoprotein, HDL: High-density lipopro-
tein, HOMA-IR: Homeostasis model assessment for insulin resistance,
HbA 1c: Glycosylated hemoglobin

10,00
p=0051

Triglyceride-glucose Index

9,00

Present Absent

Neuropathy
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DISCUSSION

Insulin resistance, a condition where body tissues become
less responsive to insulin, is linked to dyslipidemia, high
blood pressure, and hyperglycemia. Although the clamp
method is considered the gold standard of insulin resist-
ance measurement, it is impractical in clinical conditions
and requires equipment (10). Therefore, insulin resistance
is indirectly measured using specific methods designed for
this purpose. The most common method is the homeostasis
model assessment of insulin resistance (HOMA-IR), which

Table 4: The correlation between the TyG index and diabetic
nephropathy.

10,00
p=0.019

Triglyceride-glucose Index

Present Absent

Nephropathy
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estimates insulin resistance based on fasting glucose and in-
sulin levels. However, HOMA-IR has limitations due to the
variability in individual insulin levels. Standardization of
insulin assays is crucial for accurate HOMA-IR measure-
ments (11). According to a study, the TyG index obtained
from triglycerides and glucose can be an effective marker
in predicting insulin resistance. This study investigated
body mass index, hip circumference, triglyceride, glucose,
and HOMA-IR and TyG indices in healthy, obese, diabetic,
and prediabetic individuals. It revealed that the TyG index
overlapped with the hyperinsulinemic-euglycemic clamp
technique (8). Several studies have explored the association
between the TyG index and metabolic diseases like diabetes
and cardiovascular diseases. However, research on the TyG
index and microvascular complications in diabetes remains
limited. The present study indicated that the TyG index had
significant associations with diabetic nephropathy but not
with retinopathy or neuropathy.

In a study on 1413 patients with type 2 DM, Srinivasan et
al. found a remarkable association between retinopathy
and the TyG index when the data were adjusted for blood
pressure, smoking, and age. However, the TyG index was
similar in those with and without macular edema. However,
our study did not significantly associate the TyG index with
retinopathy (11).

Table 5: Demographical features and laboratory findings in patients with HbA1c<9% and HbAlc > 9%.

HbA1c<9% (n=153) HbAlc > 9% (n=267) P
Age (year£SD) 61.22+11.80 59.00+12.74 0.057
Gender (male/female), n (%) 52/101 (34/66) 112/155 (41.9/58.1) 0.108
Duration of diabetes (years)* 10.50 (0-38) 12.00 (0-42) 0.702
Hypertension (n=355) 98 (81.0) 168 (71.8) 0.058
Diabetic nephropathy (n=415), n(%) 50/152 (32.9) 91/263 (34.6) 0.724
Diabetic retinopathy (n=412), n(%) 38/147 (25.9) 108/265 (40.8) 0.002
Diabetic neuropathy (n=418), n(%) 62/152 (40.8) 149/266 (56.0) 0.003
HDbA1C (%+SD) 7.52+1.09 11.28+1.61 <0.001
Total cholesterol (mg/dl)* 173.00 (88-414) 177.0 (80-790) 0.094
Triglyceride (mg/dl)* 158 (41-2189) 175 (50-1269) 0.127
LDL cholesterol (mg/dl)* 97 (18-215) 103 (23-453) 0.033
HDL cholesterol (mg/dl)* 38 (21-83) 38 (15-103) 0.587
Fasting glucose (mg/dl)* 122 (41-302) 192 (37-640) <0.001
Triglyceride-glucose index +SD 9.22+0.76 9.73+0.74 <0.001
Creatinine (mg/dl)* 0.77 (0.39-4.03) 0.79 (0.43-9.90) 0.673
Uric acid (mg/dl) (n=371)* 5.20 (1.60-13.40) 5.0 (1.40-10.90) 0.043

*Data are presendet as median(minimum.-maximum). SD, standart deviation.
LDL: Low-density lipoprotein, HDL: High-density lipoprotein, HOMA-IR: Homeostasis model assessment for insulin resistance, HbA1lc: Glycosylat-

ed hemoglobin.
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Few studies have obtained similar results regarding the TyG
index in diabetic neuropathy. For example, no correlation
existed between diabetic neuropathy and the TyG index in
Srinivasan et al. (11). Kwai et al. found no significant rela-
tionship between triglyceride levels and changes in axon
functions in patients with type 2 DM (12). Presumably, this
finding reveals that other mechanisms besides hyperglyce-
mia and high triglycerides affect the development of diabet-
ic neuropathy. Akbar et al. reported a significant variation
in the TyG index in type 2 DM patients with and without
cardiac autonomic neuropathy (CON). According to this
study, the TyG index increased at an early stage in CON.
The authors stated that the TyG index, which is an inexpen-
sive and sensitive indicator of CON, could be used as a bio-
marker and can predict the course of the disease (13).

The TyG index was shown to be connected with a 2-fold
increased risk for micro and macroalbuminuria. In the
study by Pan et al., the index was highly correlated with al-
buminuria in hospitalized type 2 DM patients. In particular,
this correlation was more significant among patients whose
diabetes was poorly controlled and the elderly (5). Another
study reported an independent relationship between fasting
glucose and triglyceride levels and diabetic nephropathy, as
well as a relationship between microalbuminuria and high
TyG index (11). Under these findings, patients with ne-
phropathy had significantly higher TyG index values than
those without in our study.

Diabetic nephropathy is a multifactorial disease and a ma-
jor microvascular complication in diabetic individuals. A
study including 4721 hospitalized patients with type 2 DM
showed a strong correlation between the TyG index and
albuminuria level; however, the TyG index was not signif-
icantly correlated with GFR (5). This suggests that insulin
resistance is more effective in the early stages of diabetic
nephropathy, with decreasing effects in the later stages. In-
terestingly, this study again suggested a higher association
of the TyG index with albuminuria in individuals under 60,
possibly suggesting that deterioration in beta cell functions
and insulin resistance are more important in young people.
In contrast, aging-related processes are more dominant in
older ages.

According to Liu et al., diabetic nephropathy patients had
significantly higher insulin resistance levels than those
without diabetic nephropathy, as indicated by the TyG in-
dex and HOMA2-IR values. The TyG index (AUC 0.67) had
a more significant ROC AUC score than HOMA2-IR (AUC
0.61). The cut-off value for the TyG index was >9.66, with
a sensitivity level of 61.7% and a specificity level of 76% for
nephropathy. In this study, while the TyG index and albu-

minuria were correlated, there was no association between
GFR and the TyG index (9). Furthermore, the TyG index
had a significant correlation with diabetic nephropathy in
those with a GFR of 90 mL/min/1.73 m? and above but not
in those with a GFR below 90 mL/min/1.73 m? On the oth-
er hand, in the study by Zhao et al. carried out with 2830 el-
derly individuals, the TyG index was highly correlated with
chronic kidney disease and microalbuminuria (14).

To our knowledge, this is the first study in Turkey to in-
vestigate the association between the TyG index and micro-
vascular complications in hospitalized patients with type 2
diabetes. However, it has certain limitations. Firstly, it was
designed retrospectively, and the data were gathered from
patients at a single hospital. We could not evaluate CON or
other types of autonomic neuropathy. In addition, measur-
ing the TyG index in hospitalized patients could be affected
by hypoglycemic agents, lipid-lowering drugs, diet, and ex-
ercise compared to the outpatient clinic. The results of our
study should also be evaluated in this context.

In conclusion, our study revealed that the TyG index and
diabetic nephropathy were significantly associated among
type 2 DM patients. The TyG index can serve as an easily ac-
cessible and reproducible marker with a lower cost to detect
and prevent diabetic microvascular complications. Further
studies with larger samples consisting of type 2 DM patients
will better determine the potential uses of this promising
marker.

Acknowledgments

We would like to thank all patients who were hospitalized in our
endocrinology clinic between February 2019 and May 2022 in An-
kara Bilkent Hospital.

Author Contributions

Abbas Ali Tam contributed to the conception and design of the
study. Sevgiil Faki, Nurcan ince, Feride Pinar Altay, Giilsiim
Karaahmetli, Mehdi Houssein prepared the manuscript and
analyzed the data, Oya Topaloglu, Reyhan Ersoy, Bekir Cakir
contributed to writing -review & editing supervision. All authors
contributed to the article and approved the submitted version.

Conflict of Interest

The authors declare that the research was conducted without any
commercial or financial relationships that could be construed as a
potential conflict of interest.

Financial Support
There were no specific funding sources for this study.

Ethical Approval
The ethical approval was granted as per the Helsinki Declaration
(Number: E.Kurul-E1-22-2682, Date: 15/06/2022).

Peer Review Process
Extremely and externally peer-reviewed.

Turk J Diab Obes 2024; 1: 13-18



REFERENCES

1.

Seid MA, Akalu Y, Gela YY, Belsti Y, Diress M, Fekadu SA,
Dagnew B, Getnet M. Microvascular complications and its
predictors among type 2 diabetes mellitus patients at Dessie
town hospitals, Ethiopia. Diabetol Metab Syndr. 2021;13(1):86.

Zou J, Tian F, Zhang Y, Li Z, Yang C, Chen H, Zhai ], Shi M,
Xu C, ZhangJ, Li W, Xie Y, Li X. Association between Thyroid
Hormone Levels and Diabetic Kidney Disease in Euthyroid
Patients with Type 2 Diabetes. Sci Rep. 2018;8(1):4728.

Zou],LiZ, Tian F, Zhang Y, Xu C, ZhaiJ, Shi M, Wu G, Zhang
Z, Yang C, Chen H, Li. X Association between normal thyroid
hormones and diabetic retinopathy in patients with type 2 di-
abetes.Biomed Res Int. 2020;2020:8161797.

Myron AB, Matthew V. Diabetic neuropathy. StatPearls [In-
ternet]. Treasure Island (FL): StatPearls Publishing; 2018 Jan.

Pan Y, Zhong S, Zhou K, Tian Z, Chen F, Liu Z, Geng Z, Li
S, Huang R, Wang H, Zou W, Hu J. Association between Di-
abetes Complications and the Triglyceride-Glucose Index in
Hospitalized Patients with Type 2 Diabetes. ] Diabetes Res.
2021;2021:8757996.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC. Homeostasis model assessment: insulin resist-
ance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia. 1985;28(7):412-
419.

Kang B, Yang Y, Lee EY, Yang HK, Kim HS, Lim SY, Lee JH,
Lee SS, Suh BK, Yoon KH. Triglycerides/glucose index is a

useful surrogate marker of insulin resistance among adoles-
cents. Int ] Obes (Lond). 2017;41(5):789-792.

Turk J Diab Obes 2024; 1: 13-18

10.

11.

12.

13.

14.

Faki S et al.

Guerrero-Romero F, Simental-Mendia LE, Gonzalez-Or-
tiz M, Martinez-Abundis E, Ramos-Zavala MG, Herndn-
dez-Gonzalez SO, Jacques-Camarena O, Rodriguez-Moran M.
The product of triglycerides and glucose, a simple measure of
insulin sensitivity. Comparison with the euglycemic-hyperin-
sulinemic clamp. J Clin Endocrinol Metab. 2010;95(7):3347-
3351.

Liu L, Xia R, Song X, Zhang B, He W, Zhou X, Li S, Yuan G.
Association between the triglyceride-glucose index and diabet-
ic nephropathy in patients with type 2 diabetes: A cross-sec-
tional study. ] Diabetes Investig. 2021;12(4):557-565.

Unger G, Benozzi SF, Perruzza F, Pennacchiotti GL. Triglycer-
ides and glucose index: a useful indicator of insulin resistance.
Endocrinol Nutr. 2014;61(10):533-540.

Srinivasan S, Singh P, Kulothungan V, Sharma T, Raman R.
Relationship between triglyceride glucose index, retinopathy
and nephropathy in Type 2 diabetes. Endocrinol Diabetes Me-
tab. 2020;4(1):e00151.

Kwai NCG, Nigole W, M Poynten A, Brown C, V Krishnan
A. The relationship between dyslipidemia and acute axon-
al function in Type 2 diabetes mellitus In Vivo. PLoS ONE.
2016;11(4):e0153389.

Akbar M, Bhandari U, Habib A, Ahmad R. Potential Associ-
ation of Triglyceride Glucose Index with Cardiac Autonomic
Neuropathy in Type 2 Diabetes Mellitus Patients. ] Korean
Med Sci. 2017;32(7):1131-1138.

Zhao S, Yu S, Chi C, Fan X, Tang J, Ji H, Teliewubai J, Zhang
Y, Xu Y. Association between macro- and microvascular dam-
age and the triglyceride glucose index in community-dwelling
elderly individuals: the Northern Shanghai Study. Cardiovasc
Diabetol. 2019;18(1):95.


https://pubmed.ncbi.nlm.nih.gov/?term=Kwai+NC&cauthor_id=27078166
https://pubmed.ncbi.nlm.nih.gov/?term=Nigole+W&cauthor_id=27078166
https://pubmed.ncbi.nlm.nih.gov/?term=Poynten+AM&cauthor_id=27078166
https://pubmed.ncbi.nlm.nih.gov/?term=Brown+C&cauthor_id=27078166
https://pubmed.ncbi.nlm.nih.gov/?term=Krishnan+AV&cauthor_id=27078166

Tiirkiye Diyabet ve Obezite Dergisi / Turkish Journal of Diabetes and Obesity
Ozgiin Aragtirma / Original Article

Diyabetik Ayak Bakimina Yonelik Hemsire Tutum quegi’nin
Tiirk¢e’ye Uyarlanmasi ve Psikometrik Ozelliklerinin Incelenmesi
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Bu makaleye yapilacak atif: Ozgiirsoy Uran BN. Diyabetik ayak bakimina ydnelik hemsire tutum 8lgeginin Tiirkge’ye uyarlanmasi ve
psikometrik 6zelliklerinin incelenmesi. Turk ] Diab Obes 2024;1: 19-26.

(0Y7

Amag: Diyabetik ayak iilserleri diyabetin en ciddi ve maliyetli komplikasyonlarindan biridir. Onemli bir ekonomik, sosyal ve halk saglig
sorunudur. Bu nedenle planlanan bu arastirmada; Diyabetik Ayak Bakimia Yénelik Hemsire Tutum Olgeginin Tiirkge gegerlilik ve
gtivenilirliginin incelenmesidir.

Gereg ve Yontemler: Cift merkezli olarak yiiriitiilen ¢alismada metodolojik tasarim kullanilmistir. Diyabetik Ayak Bakimina Yonelik
Hemsire Tutum Olgeginin Tiirkge versiyonu icin geviri - geri ceviri yapilmis sonrasinda 10 uzmanin incelemesi ve pilot ¢aligma ile
icerik gecerliligi yapilmustir. Olgek, diyabetik ayak hastasina bakim veren cift merkezde toplam 146 hemsireye uygulanmistir. Veri
toplamak igin hemgirelerin genel tanitici 6zelliklerini igeren tanitim formu ve Diyabetik Ayak Bakimina Yonelik Hemsire Tutum Olgegi
kullanilmugtir. Istatistiksel analiz IBM SPSS 25.0 ve Amos 23 programlariyla yapilmistir. Olgegin giivenirligi Cronbach alfa analiziyle,
faktor yapist ise agiklayici ve dogrulayici faktor analizleriyle sinanmigtir.

Bulgular: Dogrulayici faktor analizi sonucunda 6lgegin, 10 6nermeden olusan 1. ve 2. 6nermeleri ¢ikarilmis, 6lgek 8 6nermeli olarak
tiim dnermelerin ortak varyansi agiklama oranlari yeterli diizeyde tespit edilmistir. Orneklem bityiikliigiiniin faktor analizini yapmaya
son derece uygun oldugu goriilditkten sonra, agiklayict faktdr analizi yapilmstir. Olgegin Cronbach alfa giivenilirlik katsayisi 0,89
bulunmustur.

Sonug: Diyabetik Ayak Bakimina Yonelik Hemsire Tutum Olgeginin Tiirkge versiyonu gegerli ve giivenilir bulunmustur. Olgegin sekiz
onermeli olarak kisa ve pratik uygulamasi sayesinde, klinik uygulamada yaygin bir sekilde kullanilarak diyabetik ayak bakiminin deger-
lendirmesinin daha objektif bir sekilde yapilmasina katki saglayabilir.

Anahtar Sozciikler: Diyabetik ayak, Tutum, Hemsire, Olcek, Gegerlik, Giivenirlik
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and Psychometric Evaluation

ABSTRACT
Aim: Diabetic foot ulcers are one of the most serious and costly complications of diabetes mellitus, posing a significant economic, social,
and public health challenge. This study aimed to investigate the validity and reliability of the Nurse Attitude Scale Towards Diabetic
Foot Care in Turkish.
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Material and Methods: A methodological design was used in this study conducted at two centers. The Turkish version of the scale
underwent translation, back-translation, and review by 10 experts. Content validity was further assessed through a pilot study. The
scale was administered to a total of 146 nurses caring for diabetic foot patients in two centers. An introductory form including general
descriptive characteristics of nurses and the Nurse Attitude Scale Towards Diabetic Foot Care were used to collect data. Statistical
analysis was performed with IBM SPSS 25.0 and Amos 23 programs. The reliability of the scale was tested by Cronbach’s alpha analysis
and the factor structure was tested by exploratory and confirmatory factor analysis.

Results: As a result of confirmatory factor analysis, items 1 and 2 of the scale consisting of 10 propositions were removed and it was
determined that the scale with 8 propositions sufficiently explained the common variance of all propositions. After determining that the
sample size was highly suitable for factor analysis, exploratory factor analysis was conducted. The Cronbach’s alpha reliability coefficient
of the scale was found to be 0.89.

Conclusion: The Turkish version of the Diabetic Foot Care Nurse Attitude Scale was found to be valid and reliable. . Due to its short
and practical application with eight propositions, it can contribute to the more objective evaluation of diabetic foot care by being widely

used in clinical practice.
Keywords: Diabetic foot, Attitude, Nurse, Scale, Validity, Reliability

GIRIS

Diyabet (Diabetes Mellitus - DM); pankreasin yetersiz insii-
lin dretimi ya da tiretilmis insilinin viicut tarafindan kulla-
nilamamast ile karakterize kronik bir hastaliktir. Diyabetin
gesitleri, viicut fonksiyonlarinin bir¢ok yerinde komplikas-
yonlara sebep olabilir ve erken yasta 6liim riskini artirabilir.
Kan glikozunun uzun siire yiiksek seviyelerde seyretmesi
diyabetli bireylerde dolasim ve sinir sistemi iizerine etki
ederek anjiopati, noropati, nefropati, retinopati gibi kronik
komplikasyonlara sebep olmaktadir. Bu komplikasyonlar
arasindan 6zellikle néropati ve anjiopati sonucu gelisen fiz-
yolojik degisikliklerin sebep oldugu derin doku iilserlerine
enfeksiyonun da eslik etmesiyle diyabetik ayak tlserleri olu-
sabilmektedir (1-3).

Diyabetik ayak ve viicut alt ekstremite komplikasyonlari
diinya ¢apinda 40 ile 60 milyon diyabetliyi etkilemektedir.
Kronik iilserler ve ampiitasyonlar yasam kalitesinde 6nemli
bir azalmaya sebep olmakta ve erken 6liim riskini de art-
tirmaktadir. Uluslararasi Diyabet Federasyonu (IDF) 2015
prevalans verilerine dayanarak, diinya ¢apinda 9.1-26.1 mil-
yon insanda yillik olarak ayak tlseri gelistigi tahmin edil-
mektedir (1,2,4). Diyabette morbiditeyi etkileyen, tedavisi
oldukea maliyetli olan diyabetik ayak, aslinda sadece hasta
egitimi ile 6nlenebilen bir komplikasyon olmasima kargin;
modern tedavi yontemleri, egitim programlar1 ve ayak ba-
kimina yonelik medikal tirtinlere ragmen DM hastalarinin,
ampiitasyon gerektiren alt ekstremite enfeksiyonu olarak
siklikla karsimiza ¢cikmaktadir (5,6).

Diyabetik ayak {iilseri ve yumusak dokuda olusan enfeksi-
yonunun patofizyolojisi néropati, travma ve ¢ogu hastada
eslik eden periferik arter hastaligina baglidir. Diyabet néro-
patisi, yiiriirken artan cilt basincina yol acan ayak deformi-
tesine neden olur. Bir ayak ilseri gelistiginde, uzuv invaziv
enfeksiyon i¢in yiiksek risk altindadir ve periferik arter
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hastalig1 ile kombine edildiginde hastanin kritik ekstremite
iskemisi oldugu disiiniilmelidir (7,8). Noropatinin sebep
oldugu ayak ve parmaklardaki koruyucu duyunun azalmast,
periferik vaskiiler hastalik varlig: ile kan dolagiminin ayak-
larda yavaslamasi, otonom ndropati gelisimi ile yag ve ter
bezlerinde olusan fonksiyon kayb1 olusturmaktadir. Sonu-
cunda kuruluk, ¢atlaklarin olugsmasi ve gorme bozuklugu
diyabetik ayak gelisimini artirmaktadir (9,10).

Diyabetli bireyin hicbir sikiyetinin olmamasi ayaginda her-
hangi bir sorun olugsmayacagini gostermemektedir. Ulser ve
ampiitasyon riski tastyan DM’li bireylerin ve ayaklarin er-
ken taninmasi ve tedavisinin baglanmasi, olumsuz sonuglar
geciktirebilir veya Onleyebilir. Diyabetli bireyin ayaginda
olusabilecek iilseri onlemek igin, risk altindaki ayagin be-
lirlenmesi ve diizenli araliklarla ayak muayenesinin yapil-
mas1 6nemlidir. Diyabetlinin uygun ayakkabi kullaniminin
saglanmasi, yara gelisimini engellemek icin risk olusturan
durumlarin tedavi edilmesi gerekir. Saglik profesyonelleri
tarafindan belli araliklarla DM’li bireyin ve ailesinin ayak
bakimi hakkinda bilgi diizeylerinin degerlendirilmesi ve
farkindaliklarin artirilmasi igin egitim faaliyetlerinin ger-
ceklestirilmesi gereklidir (1,2,11,12). Hemsireler diyabet
ve diyabetik ayagin yonetimi konularinda egitim program-
larinin hazirlanmasi ve uygulanmasindan sorumludurlar.
Bununla beraber hemsireler, bireyin terapotik 6z bakim
davraniglarini gelistirerek, hastalik ve bakim hakkinda has-
tanin yeterli bilgiyle donatilmasini saglayarak, bu bilgileri
davraniga doniistiirmesine yardimci olarak hastanin yasam
kalitesini yiikseltmektedirler. Ayrica, toplumdaki risk grup-
larini belirleyerek DM’nin ortaya ¢ikisini 6nleyebilir ya da
geciktirebilirler. Diyabetik ayak gelisen hastalarin problem-
leri 6nlenebilir komplikasyonlar olup; tan1 konulmasidan
itibaren diizenli izlemlerin yapilmas: ve koruyucu yasam
bi¢imi davranislarinin kazandirilmasi 6nem tagimaktadir.
Diyabet ekibinin 6nemli bir iiyesi olan hemsireler koruyucu
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saglik bakimini planlayip stirdiirebilecek en uygun meslek
profesyonelleridir. Birincil hemgirelik miidahalesi DM has-
talar1 i¢in egitimdir. Bu nedenle hemsirelerin bu konuda ye-
terli bilgi ve beceriye sahip olmalari, bu 6zelliklerini DM’li
bireye aktarabilmeleri acisindan konforlu bakim sartlariin
saglanmas1 gereklidir (13-15). Diyabet ekibinin iiyesi ola-
rak hemgirenin 6zellikle DM’de ayak bakimyi, hasta takibi ve
egitimi konularinda etkin rolleri bulunmaktadir. Bu roller;
diyabetik ayak iilseri olan DM’li bireylerde mevcut risk du-
rumunun belirlenmesi, ayak ve tilser bakiminin yapilmasi,
ayak sagligini korumaya ve glisemik kontrolii saglanmaya
yonelik egitim ve danigmanlik rollerinin yerine getirilmesi
seklinde siralanabilir. Bu baglamda, 2018 yilinda gelistirilen
“Diyabetik Ayak Bakimina Yénelik Hemsgire Tutum Olgegi-
nin” Tiirk¢e uyarlamasinin yapilmasi amaglanmustir.

GEREC ve YONTEMLER

Aragtirma; Diyabetik Ayak Bakimina Yo6nelik Hemgire Tu-
tum Olgegi (DABYHTO) nin Tiirk¢e’ye uyarlanmasi ama-
cyla, 01.12.2021-30.06.2022 tarihleri arasinda, Izmir’de bir
iniversite hastanesi ile bir egitim ve arastirma hastanesi
olmak {tizere iki merkezde yiiriitiilmiistiir. Orijinal 6l¢cegin
Tiirkee gecerlilik ve giivenilirligi icin Kumarasinghe’den 6l1-
¢ek kullanim izni alinmugtir. Izmir Katip Celebi Universite
Hastanesi Girisimsel Olmayan Etik Kurulu'nun 21.10.21 ta-
rih ve 0453 sayili karari ile etik kurul izni alinmigtir. Ayrica
aragtirmaya katilan hemsirelerden Helsinki Bildirgesi kap-
saminda yazili goniilliiliik onamlar1 alinmistir.

Arastirmanin Evreni ve Orneklemi

Calismanin yuritildigi iki hastanede ¢alisan tim hemsi-
reler arastirmanin evrenini olustururken; arastirmaya da-
hil olma kriterlerine uyan diyabetik ayak hastasina bakim
veren 146 hemsire ¢alismanin 6rneklemini olusturmustur.
Giig analizine gore %95 giivenirlikte %80 teorik power ile
en az 152 hemsire ile caligmasi hedeflenmis; ancak alti hem-
sirenin veri formlarini eksik doldurmasi nedeniyle ¢alisma
dist birakilmistir. Buna gore 146 hemsire ile ¢alismanin son
6rneklem giicii %94 olmustur.

Aragtirmaya dahil edilme kriterleri:
- Diyabetik ayak yarasi olan hastalara bakim vermek
- 18 yas ve iizeri olmak
- Arastirmaya katilmaya goniillii ve istekli olmak
Veri Toplama Formlar:

Hemsire Tanitim Formu: Hemsirelerin genel tanitic1 6zel-
liklerini (yas, cinsiyet, egitim durumu, ¢alistig1 birim, tec-
riibe yil1, ayak bakiminda deneyim yili, vb) belirlemeye yo-
nelik olarak literatiir kapsaminda arastirmacilar tarafindan
gelistirilen bir formdur.

Diyabetik Ayak Bakimina Yonelik Hemsire Tutum Olge-
gi (DABYHTO): Kumarasinghe ve ark. tarafindan gelistiri-
len, ti¢ bolimden olusan diyabetik yara ve bakimi konusun-
da hemsirelerin bilgilerini ve tutumunu dlgen dlgegin iigiin-
cii boliimi olan ve diyabetik ayak bakimina yonelik olarak
hemsgirelerin tutumlarini degerlendiren toplam 10 madde-
den olugan bir olgektir. Besli likert tipindeki (1=kesinlikle
katilmiyorum, 2=katilmiyorum, 3=kararsizim, 4=katili-
yorum, 5=kesinlikle katiliyorum) 6lgekte; en iyi tutum 5
puan, en kotii tutum 1 puan olarak puanlanmistir. Olgekten
toplamda alinabilecek en diisiik puan 10 ve en yiiksek puan
50 olup; alinan puan sayisinin artmasi hemsirenin diya-
betik ayaga kars1 tutumunun iyi oldugunu belirtmektedir.
Orijinal 6l¢egin Cronbach alfa degerinin 0,728 oldugu bil-
dirilmistir (16). Kumarasinghe’den 6l¢egin tek boyutunun
kullanimu ile ilgili olarak uygunluk ve izin yazist alinmigtir.

Veri Toplama Siireci

Caligma; ilgili hastanelerin diyabetik ayak bakimi yapilan
kliniklerinde (Dahiliye, Endokrinoloji, Plastik Cerrahi, Pal-
yatif, Ortopedi, Enfeksiyon, Dermatoloji) calisan hemsire-
lerden, istekleri hélinde, kendilerinin doldurmas (self-re-
port) veya gevrimigi anket yontemiyle (Google form araci-
ligiyla) toplanmustir.

Likert tipi 6l¢ek gelistirmede De Vellis, 6l¢ekte kullanilmas:
i¢in uygun olan madde sayisinin ii¢ ya da dort kat: katilim-
ciin yeterli oldugunu belirtmistir (17). Bu kapsamda 10
maddelik DABYHTO’niin validasyon c¢alismasi kapsamin-
da 146 hemsireye ulasimistir.

istatistiksel Analiz

Verilerin analizi IBM SPSS (25.0) istatistik paket progra-
minda yapilmugtir. Ayrica DABYHTO’nin dogrulayici fak-
tor analizleri ve gecerlilik analizleri Amos 23 programu ile
analiz edilmigtir. Ol¢egin giivenirligi icin madde analizleri,
i¢ tutarhlig1 i¢in cronbach alfa degerleri ve gegerlilik ana-
lizi icin agiklayici faktor analizi uygulanmigtir. Istatistiksel
olarak %95 giiven araliginda p<0,05 anlamli olarak kabul
edilmistir.

BULGULAR

Yapilan bu aragtirmaya biri {iniversite hastanesi, digeri egi-
tim ve arastirma hastanesi olmak tizere iki merkezden top-
lam 146 hemsire dahil edilmistir. Katilimcilarin Tablo 1’de
gosterilen sosyodemografik ozelliklerine gore dagilimlar
incelendiginde; %76,7’si kadin, %65,81 18-30 yas araliginda,
%74,7’s1 lisans mezunu ve %57,5’1 bes y1l ve daha az deneyi-
me sahiptir. Hemsirelerin %78,1’inin diyabetik ayak bakimi
konusunda da bes yil ve daha az deneyime sahip oldugu be-
lirlenmistir. Hemsirelerin diyabetik ayak bakimi konusun-
da egitim alip almadiklar1 soruldugunda %71,2’sinin egitim
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almadi8y, egitim alanlarin ise %70,2’sinin 1-2 saatlik kisa
egitimler aldiklar1 gorlmiistiir.

Tablo 1: Hemsirelerin demografik 6zelliklerine gore tutum
dagilimlar:.

Demografik Ozellikler* Sonug (n=146)
Yas <30 yas 96 (65,8)
31-40 yas 38 (26,0)
41-50 yas 12 (8,2)
Cinsiyet Kadin 112 (76,7)
Erkek 34 (23,3)
Egitim durumu Saglik Meslek 15 (10,3)
Lisesi
On Lisans 7 (4,8)
Lisans 109 (74,7)
Lisans tistii 15 (10,3)
Hemgirelik deneyimi (y1l) <5yl 84 (57,5)
6-10 y1l 38 (26,0)
11-15 yil 15 (10,3)
16-20 y1l 5(3,4)
>21 y1l 4(2,7)
Diyabetik ayak bakimi1 <5yl 114 (78,1)
deneyimi (y1) 6-10 y1l 26 (17,8)
11-15y1l 4 (2,7)
16-20 yl 2 (1,4)
Diyabetik ayak bakimi hak- Evet 42 (28,8)
kinda egitim aldiniz m1? Hayir 104 (71,2)
Diyabetik ayak bakiminda aldiginiz;
Egitimin konusu Diyabet 6 (4,1)
Diyabetik Ayak 25 (17,1)
Enfeksiyon 1(0,7)
Yara bakimi 4 (2,7)
Egitimin yeri Hastane 5(3,4)
Online Egitim 3(2,1)
Universite 29 (19,9)
Egitimin zamani 36 aydan az 30 (81,1)
36 aydan fazla 7 (18,9)
Egitim siiresi 1-2 saat 26 (70,2)
3-7 saat 11 (29,8)
Egitimin kaynaklar Hizmet igi egitim 6 (2,2)
Internet 83 (29,1)
Kitaplar 92 (32,3)
Meslektas 15 (5,3)
Okul 89 (31,2)

*Veriler n(%) olarak gosterilmektedir.
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Olgegin dil uyarlama caligmasinda, geri geviri yontemi
kullanilmig; alaninda uzman bir hekim, bir hemsire ve bir
Ingilizce 6gretmeni orijinal 6lgegi (Ingilizce) Tiirkge’ye; bu
kisilerden farkli olarak iki hemsire akademisyen ve bir he-
kim ise Tiirkge’ye cevrilen 6lgegi tekrar orijinal dile cevir-
mistir. Ceviriyi yapan uzmanlar birbirlerine danismamuis ve
bagimsiz caligmislardir. Elde edilen metinler tizerinde ¢alis-
ma ekibi, goriislerini paylasarak son diizeltmeleri yapmis ve
uygulamaya hazir hale getirmislerdir. Yapilan ¢eviriler neti-
cesinde diizenlenen 6lgegin son hali hekim, hemsire ve aka-
demik personelden olusan 10 kisilik bir gruba sorularak uz-
man goriisleri alinmistir. Uzman goriisleri arasindaki uyum
i¢in Kendall’s W analizi yapilmis ve istatistiksel olarak fark
olmadig1 (Kendall’s W: 0,129; p = 0,234>0,05) bulunmus-
tur. Son sekli verilen 6lcegin bes hemsire ile pilot ¢alismasi
yapilmis ve anlam — kavram diizeltmelerinin ardindan asil
uygulamaya gegilmistir. Pilot uygulamaya alinan bes hem-
sire de 6rnekleme dahil edilmistir.

Analizin ilk asamasi olarak, ilgilenilen dl¢egin yap1 kavram
gecerliliginin kontrol edilebilmesi i¢in Aciklayict Faktor
Analizi (AFA) temel bilesenler metodu kullanilarak deger-
lendirilmistir. Olgek yapisi olusturulduktan sonra giiveni-
lirlik analizleri ve dl¢cegin gegerliliginin saglanmasi icin Ya-
pisal Esitlik Modellemesinden Dogrulayic1 Faktor Analizi
(DFA) ile uygulama yapilmistir. Gegerlilik analizi Amos 23
programinda yapilmis, elde edilen bulgular Tablo 2-5 ve Se-
kil 1’de gosterilmistir.

Olgekte yer alan ifadelerin ortak varyansa olan katkilari
Tablo 2’de gosterilmistir. Ilk yapilan analizde 1. ve 2. éner-
menin agiklanan varyans oranlarinin 0,300°den kiigiik oldu-
gu gortlmiis ve bu 6nermeler dlcekten ¢ikartilarak analiz
yenilenmistir (0,171 ve 0,230). Yeniden yapilan analiz so-
nucunda, bu 6lgekte en kii¢iik ortak varyans aciklama orani
8. dnermede %46,1 olarak hesaplanmis ve yeterli agiklama

Tablo 2: Olgekte Bulunan Ifadelerin Ortak Varyans Degerleri.

Ortak Varyans Yenilenen Analiz igin
(Extraction) Ortak Varyans (Extraction)

S1 0,171 -

S2 0,230 -

S3 0,526 0,521

S4 0,476 0,462

S5 0,607 0,623

S6 0,542 0,567

S7 0,602 0,605

S8 0,462 0,461

S9 0,619 0,666

S10 0,631 0,645
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oranina sahip oldugu gortlmistiir. Her 6nermenin ortak
varyans agiklama degerleri 0,300’den biiyiik oldugu igin
(18-20), kullanilan tiim 6nermelerin ortak varyans: agikla-
ma oranlarinin yeterli diizeyde oldugu goriilmiistiir (0,461-
0,666). Buna gore 6lgegin 1. ve 2. dnermeleri ¢ikarilmis, 6l-

¢egin son hili sekiz 6nermeden olugsmustur. Diyabetik Ayak

Uyarlanan 6lgegin gecerlilik analizleri i¢in ilk olarak AFA Bakimina Yonelik
uygulanmugtir. Oncelikle drneklem biiyiikligiiniin faktor Tulm e

analizini yapmaya uygunlugunui test etmek amaciyla Ka-
iser-Meyer-Olkin (KMO) testi yapilmig; KMO degerinin
0,882 oldugu saptanmustir (Tablo 3). Boylece, 6rneklem
sayisinin faktor analizi i¢in “son derece iyi” oldugu goril-
mistiir. Veri yapisinin faktor analizine uygunlugu Bartlett
Kiiresellik testi ile analiz edilmis, ki-kare degerinin anlamli

Sekil 1: Olgek Igin Tek Faktérlit Dogrulayict Faktér Analizine

Iliskin Model.

Tablo 3: Olgegin Boyutlarina Yénelik Faktér Analizi Sonuglart.
Boyutlar ve Olgek Maddeleri 5:5::1
3. Diyabetik iilser bakim1 benim igin ¢ok zaman alicidir. 0,722
4. Diyabetik tilser bakimi, hemsirelik bakiminin diger alanlari ile kargilastirildiginda, benim i¢in diigitk 6ncelikli bir gorevdir. 0,680
5. Firsatim varsa, diyabetik tilserlere bakim vermekten kaginmak istiyorum. 0,789
6. Her hastaya tilserlerine nasil bakacaklar1 konusunda ayr1 ayr1 danigmanlikta bulunmak igin zamanim yok. 0,753
7. Diyabetik iilserli hastalar1 yeniden tlser olusumunun azaltilmas: konusunda egitmek benim sorumlulugumda degil. 0,778
8. Diyabetik tilserleri temizlerken olusabilecek agriy1 diistinemiyorum. 0,679
9. Diyabetik iilserlere bakim vermekten hoslanmiyorum. 0,816
10. Diyabetik iilserlere bakim vermek beni tatmin etmiyor. 0,803
Kaiser-Meyer-Olkin (KMO) = 0,882 Toplam Agiklanan Varyans: 56,884
Bartless Kiiresellik Testi; X*=565,710; p < 0,001 Cronbach alfa degeri: 0,890

Tablo 4: Olgegin Toplam Madde Istatistikleri.

Maddeler M‘adde Silindiginde quide Silindiginde Diizeltilmis Madde Madde Silindiginde
Olgek Ortalamasi Olgek Varyansi Toplam Korelasyonu Cronbach Alfa
S3 18,1301 42,335 0,633 0,879
S4 18,5822 44,245 0,583 0,884
S5 18,3219 41,144 0,711 0,872
S6 18,1438 41,834 0,665 0,876
S7 18,6644 42,900 0,695 0,874
S8 17,8151 43,476 0,583 0,884
S9 18,0205 41,000 0,734 0,869
S10 18,3630 42,757 0,722 0,871

Tablo 5: DABYHTO Tek Faktorlit Model DFA Uyum Indeksleri.

RMSEA  NFI CFI IFI GFI TLI AGFI CMIN (x*) CMIN/df
Modifikasyon Oncesi (10 Madde) 0,127 0,885 0916 0917 0,898 0,882 0,816 66,407 3,320
Modifikasyon Sonrasi (8 Madde) 0,051 0,960 0,988 0,988 0,961 0,981 0,916 23,472 1,381

RMSEA: Yaklagik Hatalarin Ortalama Karekdkii, CFI: Kargilagtirmali Uyum Indeksi, GFI: Uyum lyiligi Indeksi, AGFI: Diizeltilmis Uyum lyiligi Indeksi,
IFIL: Artan Uyum Indeksi, NFI: Normlagtirilmis Uyum Indeksi, TLI: Tucker Lewis Index, CMIN: Ki Kare Testi, CMIN/df: Ki Kare/Serbestlik Derecesi
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oldugu gorulmistiir. Buna gore veri seti faktor analizi i¢in
normal dagilim gostermis ve uygun olarak tespit edilmis-
tir (X?=565,710 ve p<0.001). Ttiim maddeler i¢in elde edilen
Cronbach alfa degeri o anketin toplam giivenilirligini ispat
eder ve genel kabul bu deger 0,7 ve biiyiik olmasidir. Cronba-
ch alfa katsayisinin yorumlanmast i¢in gesitli sniflamalar li-
teratlirde bulunmaktadir. Cronbach alfa degeri 0,81<a<1,00
arasinda Ol¢ek yiiksek giivenirliktedir, 0,61<a<0,80 arasin-
da olgek orta giivenirliktedir, 0,41<a<0,60 arasinda olgek
diisiik giivenirliktedir ve son olarak 0,00<a<0,40 degerleri
arasinda Ol¢ek giivenilir degildir seklinde yorumlanmakta-
dir (21-23). DABYHTO’niin Cronbach alfa giivenilirlik kat-
sayist 0,89 ile cok yiiksek derecede giivenilir oldugu tespit
edilmigtir.

Uyarlanan 6l¢egin faktdr desenini agiklamak amaciyla ya-
pilan agiklayici faktor analizinde, faktor yiik degerleri icin
kabul edilebilir diizeyi 0,300 olarak bulunmustur. Tek faktor
i¢in ger¢eklestirilen analizde, agiklanan ortak varyans deger-
lerinin %30’un altinda olan herhangi bir 6nermeye rastlan-
mamuistir. Ayni zamanda faktor yiiklerinin pozitif olmasi ile
olgekte herhangi bir ters madde goriilmedigi bildirilmekte-
dir. Faktor yiiklerinin 0,679-0,816 arasinda oldukga iyi oldu-
gu bulunmaktadir. Tek faktorlii ve sekiz madde ile olugturu-
lan yap1 toplam varyansin %56,88’ini agiklamaktadir.

Madde toplam puan korelasyonu; degerlendirilme siirecin-
de 6rneklem biiytikliigiiniin, en az 100-200 arasinda olmasi
veya her bir madde i¢in en az bes katilimci tarafindan ya-
nitlanmis olmasi gerektigi belirtilmektedir (24,25). Bu ¢a-
ligma icin 146 hemsirenin 6rnekleme alindig1 disiinildi-
gtinde ve 6lgek icin hesaplanan diizeltiimis madde toplam
korelasyon degerleri Tablo 4’te incelendiginde, herhangi bir
madde i¢in esik degeri olan 0,200 korelasyon degerinin al-
tinda kalmadig: tespit edilmistir. Her maddenin dlgege kat-
kisinin yiiksek diizeyde oldugu goriilmektedir. Ayni zaman-
da negatif katsayinin bulunmamasi ile 6lgekte ters madde
olmadig1 ¢ikarsamasi yeniden dogrulanmigtir. Diizeltilmis
madde toplam korelasyon degerleri 0,583 ile 0,734 arasinda
degisim gostermistir.

Dogrulayict Faktor analizine ait sonuglar Tablo 5’te goste-
rilmistir. Buna gore dl¢egin yapisal denklem model sonu-
cunun sekiz maddeli 6lgek yapisiyla iligkili oldugu belir-
lenmistir (p<0.001). Modelde iyilestirme yapilmis, uyumu
azaltan degiskenler belirlenmis, artik degerler arasinda
kovaryans: yiiksek olanlar i¢in yeni kovaryanslar olustu-
rulmustur (e3-e5; e6-€7; €9-e10) (Sekil 1). Ilk yapilan uyum
indeksleri ve iyilestirme sonrasi yenilenen uyum indeksi
hesaplamalarinda uyum indeksleri i¢in kabul edilen deger-
lerin saglandig1 Tablo 5’te gosterilmistir. RMSEA degeri 0
- 0,050 arasinda ise mitkemmel uyumun gostergesidir. Ca-
lismada bu deger 0,051 ¢ikarak mitkemmel bir sonug ver-
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mistir. Uyum iyiligi indekslerinin say1 degeri 1’e yaklastik¢a
modelin veriye uyumlulugu uygun olmaktadir. NFI, CFI ve
IFI normal degerleri 0,950 < CFI < 1,00 miikemmel uyum
olguti seklindedir. Calismada sirasiyla 0,960, 0,988 ve 0,988
gikarak gayet iyi sonuglanmistir. GFI igin 0,900-0,950 ka-
bul edilebilir ve 0,950 iizerinde olmasi ise yiiksek bir uyu-
mu gosterir. Caligmada 0,960 uyum iyiligi indeksi sonucun
yitksek uyumlu oldugunu gostermistir. AGFI miitkemmel
uyum ol¢iit degeri 0,900 < AGFI < 1,00 olan bu indeks i¢in
¢ikarilan maddelerden sonra 0,916’ya ulasip sonucu gayet
iyi vermistir. Ki kare istatistigi indeks uyum eksikligi sek-
linde belirtilir. Bu duruma bagli olarak kiigiik test istatistigi
modelin gozlemsel yapiya uygun oldugunu, bityiik istatistik
degeri ise modelin gozlemsel yapiya uygun olmadigini ve
modelin gozlenen yapiy1 yeterince agiklamadigini belirtir.
Ancak degisken sayis1 arttikca deger yiikseleceginden ki-ka-
re / serbestlik derecesine bakilir. Bu deger 5 degerinden kii-
citk ise modelin uyum iyiligine sahip oldugu, 3 degerinden
daha kiigiik ise (1.38) modelin ¢ok iyi bir uyuma eslik ettigi
kabul edilir (26,27). Tek faktorlic model DFA sonuglarina
gore uyarlama caligmast yapilan DABYHTO’nin uyum iyi-
ligi indekslerinin; RMSEA 0,051; GFI 0,961; AGFI 0,916;
CFI 0,988; X2 ise 23,472 (p<0.001) degerleri ile mitkemmel
diizeyde oldugu séylenebilir.

TARTISMA

Diyabetik ayak multidisipliner bakim gerektiren bir komp-
likasyondur. Bu noktada diyabetik ayak hastalarina bakim
veren hemsirelerin tutumlarmin belirlenmesi son derece
énemlidir. Calisma kapsaminda DABYHTO’ niin Tiirkce
uyarlama ¢aligmasi yapilmistir.

Olcegin gecerlilik diizeyini saptamak amaciyla 10 madde-
den olusan yapisinin dogrulanip dogrulanmadigini deger-
lendirmek icin AFA uygulanmasiyla, her 6nermenin ortak
varyans ag¢iklama degerlerinin 0,300°den biiyiik olmas: ge-
rekmektedir (19-24). Ilk uygulanan analiz sonuglarinda 1.
ve 2. 6nermenin ag¢iklanan varyans oranlarinin 0,300’den
kiigiik oldugu saptanmis ve bu onermeler dlgekten ¢ikar-
tilarak analiz tekrar edilmistir (0,171 ve 0,230). Tekrarla-
nan analiz sonucunda, bu 6lgekte en kii¢iik ortak varyans
aciklama oraninin 8. 6nermeye ait oldugu, bunun da yeterli
oldugu gorilmiistiir. Analiz i¢inde kullanilan biitiin 6ner-
melerin ortak varyans: agiklama oranlar: yeterli diizeyde
(0,461- 0,666) olup, istatistiksel olarak anlamlidir.

Olgegin giivenirligini belirlemek amaciyla i¢ tutarlilik kat-
say1s1 hesaplanmakta, en az 0,700 olan dl¢eklerin giivenilir
oldugu belirtilmektedir (27,28). Kumarasinghe tarafindan
gelistirilen 6l¢cegin bu alt boyutuna ait Cronbach Alfa degeri
0,728 iken (16), bizim ¢aliymamizda bu deger 0,890 olarak
hesaplanmistir. Bu durumda o6l¢egin yiiksek giivenilirlik
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diizeyine sahip oldugu soylenebilir. Yiiksek giivenilirlik de-
gerine sahip lceklerden elde edilen verilerin sonuglari daha
tutarli ve istikrarli olmaktadir.

Diyabetik Ayak Bakimina Yonelik Tutum Olgeginde yer
alan maddelerin 6l¢iim kapsamini temsil edip etmedigi-
ni kanitlamak amaciyla kapsam gegerligine bakilmustir.
Agiklayicr faktor analizinden once, érneklem biytikligi-
niin faktor analizi icin yeterli olup olmadigini saptamak
amactyla Kaiser-Meyer Olkin (KMO) testi uygulanmustir.
KMO degerin 1’e yaklagsmast verilerin analiz i¢in uygunluk
gosterdigi anlamina gelmektedir. Orneklemin yeterli olup
omadigini test etmek i¢in Kaiser-Meyer-Olkin (KMO) testi
uygulanmaktadir. Bu degerin 1’e yaklagmasi mitkemmel ve
0.50’nin altinda saptanmasi ise kabul edilemez olarak de-
gerlendirilmektedir (28-30). Analiz sonucunda KMO dege-
rinin 0.882 oldugu, orneklem yeterliliginin faktor analizini
uygulamak icin “iyi derecede yeterli ve mitkemmel” seklin-
de sonuclandig1 goriilmiigtiir. Orneklemin evrendeki dagili-
minin normal oldugu ve ¢ok degiskenli normal dagilimdan
geldigini test etmek icin Bartlett testi uygulanilmaktadir (28-
30). Bartlett Kiiresellik testi (X?=65,710 ve p<0.001 anlamlr)
ile veri setinin faktor analizi i¢in uygun oldugu saptanmis-
tir (Tablo 2). Dogrulayici faktor analizi, saptanan faktorler
arasinda yeterli diizeyde iliskinin olup olmadigini, hangi
degiskenlerin hangi faktorlerle iliskili oldugunu, faktérlerin
birbirlerinden bagimsiz olup olmadigini, faktdrlerin mo-
deli agiklamakta yeterli olup olmadigini 6l¢gmek amaciyla
kullanilir (20,21,25,27,28). RMSEA 0,051; GFI 0,961; AGFI
0,916; CFI 0,988; x2 ise 23,472 (p<0.001) uyum indekslerine
gore modelin iyi bir uyum gosterdigi tespit edilmektedir.

Kumarasinghe tarafindan gelistirilen 6lgegin, hentiz bagka
dillere uyarlama ¢alismalar1 yapimamistir. Bu nedenle tar-
tisma boliimiinde sadece Tiirk¢e uyarlamasina dair bilgiler
paylagilmigtir. Ayrica Izmir 6rneklemini temsil eden bir ka-
tihmer grubuyla galigilmagtir.

Diyabetik ayak bakimina yonelik hemsire tutum 6lgeginin
Tiirkge gegerli ve giivenilir bir ara¢ oldugu; orijinal 6lgek-
te 10 6nermeye karsin, Tiirkee icin sekiz 6nermeli halinin
uygulanabilir oldugu gériillmistiir. Olgegin sekiz dnermeli
olarak kisa ve pratik uygulamasi sayesinde, klinik uygula-
mada yaygin bir sekilde kullanilarak yara degerlendirme-
sinin daha objektif bir sekilde yapilmasina ve hemsirelerin
diyabetik ayak bakimi konusunda farkindaliklarinin artma-
sina katki saglayacagi disiiniilmektedir. Bunun yani sira,
olgegin ol¢tim giiciine katk saglayacak hemsire ve hemsi-
relik 6grencileriyle baska aragtirmalarin yapilmasi ve lite-
ratlire kazandirilmasi, klinik uygulama rutininde 6l¢egin
kullaniminin desteklenmesi, bu sayede ayak bakimina kars:
tutumun objektif olarak degerlendirilmesi ve hemsire far-
kindaliginin artirilmasi 6nerilmektedir.
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Ordu ili ve Cevresinde Diyabet Tanust ile izlenen Olgularin Demografik,
Klinik, Laboratuvar Ozellikleri: Cocuklarda Obezite Nedeniyle
Tip 2 Diyabet Siklig1 Artryor mu?
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Bu makaleye yapilacak atif: Ozer Y ve Altinok EI. Ordu ili ve gevresinde diyabet tanis ile izlenen olgularin demografik, klinik, laboratuvar 6zellikleri:
gocuklarda obezite nedeniyle tip 2 diyabet siklig1 artryor mu? Turk J Diab Obes 2024;1: 27-34.

0z
Amag: Ordu ili ve ¢evresindeki diyabet mellitus tanisi ile takip edilen ¢ocuk ve ergenlerin demografik, klinik ve laboratuvar ozelliklerinin
degerlendirilmesi amaglandi.

Gereg ve Yontemler: Calisma, Nisan 2022 ve Mart 2023 tarihleri arasinda diabetes mellitus tanisi ile takip edilen ¢ocuk ve ergenlerin,
tibbi kayitlarinin retrospektif olarak incelenmesi ile gerceklestirildi. Toplamda 95 olgu diabetes mellitus tiplerine gore gruplandirildi.
Yas, cinsiyet, viicut 6l¢timleri, pubertal durum, tani yasi, bagvuru sekilleri, eslik eden hastaliklar ve laboratuvar bulgular: bu ti¢ grup
arasinda karsilagtirildi. Verilerin analizinde Kolmogorov-Smirnov testi, Shapiro-Wilk Student t-testi, Mann Whitney-U testi, Kruskal
Wallis testi, Dwass-Steel-Critchlow-Fligner (DSCF) post-hoc analizi kulanilmigtir. Verilerin analizinde Jamovi (version 2.3.21) programi
kullanildi. p< 0,05 degeri istatistiksel olarak anlamli kabul edildi.

Bulgular: Caligmaya diabet mellitus tanisi ile takip edilen ortanca yaglar1 12,8 yil olan 95 (54 kiz, 61 pubertal) ¢ocuk/ergen dahil edildi.
Olgularin %69,5’i (n=66) tip 1 diyabet (T1D), %20%i (n=19) tip 2 diyabet (T2D) ve %10,5’i (n=10) monogenik diyabet (MD) tanisi
ile takip edilmekte idi. Monogenik diyabet tanisi ile takipli olan iki hastada HFN1A, alt1 hastada GCK geninde heterozigot mutasyon
vardi. Ortanca tani yagt T2Dde digerlerine gore daha ytiksekti (p<0.001). Tim olgularin %44,2’si (n=42) hiperglisemi, %21,1’i (n=20)
diyabetik ketoz ve %34,7 (n=33) diyabetik ketoasidoz tablosunda bagvurmustu. Tan1 aninda en sik bagvuru sekli T1Dde diyabetik
ketoasidoz (%50), T2D ve MDde hiperglisemi (%89,5, %90) idi. Viicut agirligi-SDS’si ve viicut kiitle indeksi-SDS’si T2Dde T1D’ye
(p<0,001, p<0,001) ve MD’ye (p=0,001, p=0.003) gore daha yiiksekti. Tan1 anindaki HbAlc diizeyi T1Dde MD’ye gore daha yiiksek
(p<0,001), insiilin diizeyi T2D’ye ve MD’ye gore daha diisiik idi (p<0,001 ve p=0,046 sirasiyla). T2Dde ise insiilin diizeyi MD’ye gore
daha yiiksek bulundu (p=0,003). Tan1 anindaki C-peptid diizeyi T1Dde T2D ve MDden daha disiiktii (p<0,001, p=0,004).

Sonug: Obezite ve T2D siklig1 giderek artmaktadir. Onemli bir halk saglig1 sorunu olmasit nedeniyle tespiti 5nem tagimaktadir. Viicut
kiitle indeksinin yaninda, tan1 anindaki HbAlc, insiilin ve C-peptid diizeyleri diyabetin tipinin belirlenmesinde yardimeci olmaktadir.

Anahtar Sozciikler: Cocuk, Ergen, Tip 1 diyabet, Tip 2 diyabet, Monogenik diyabet, Prevalans
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ABSTRACT

Aim: This study aimed to evaluate the demographic, clinical and laboratory characteristics of children and adolescents diagnosed with
diabetes mellitus in Ordu province and its surroundings.
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Ozer Y ve Altinok EI

Material and Methods: The study was conducted by retrospectively examining the medical records of children and adolescents
diagnosed with diabetes mellitus between April 2022 and March 2023. A total of 95 cases were grouped according to the types of diabetes
mellitus. Age, gender, anthropometric measurements, pubertal status, age at diagnosis, referral methods, comorbidities, and laboratory
findings were compared among these three groups. Kolmogorov-Smirnov test, Shapiro-Wilk Student t-test, Mann Whitney-U test,
Kruskal Wallis test, Dwass-Steel-Critchlow-Fligner (DSCF) post-hoc analysis were used to analyze the data. Jamovi (version 2.3.21)
program was preferred for data analysis. A statistical significance level of p< 0.05 was chosen for this study.

Results: The study included 95 (54 female, 61 pubertal) children/adolescents with a median age of 12.8 years who were diagnosed with
diabetes and followed up. 69.5% (n=66) of the cases were type 1 diabetes (T1D), 20% (n=19) were type 2 diabetes (T2D) and 10.5%
(n=10) were monogenic diabetes (MD). Out of eight cases diagnosed with monogenic diabetes, two had heterozygous mutations in
the HNF1A gene, and six had them in the GCK gene. The median age at diagnosis was higher in T2D than in T1D and MD (p<0.001,
p<0.001). The presenting manifestations of all cases were: 44.2% (n=42) had hyperglycemia, 21.1% (n=20) had diabetic ketosis, and
34.7% (n=33) had diabetic ketoacidosis. The most common form of presentation at diagnosis was diabetic ketoacidosis (50%) in T1D,
while hyperglycemia (89.5% and 90%, respectively) in T2D and MD. Body weight-SDS and body mass index-SDS were higher in T2D
than in T1D (p<0.001, p<0.001) and MD (p=0.001, p=0.003). HbA1c level at diagnosis was higher in T1D than in MD (p<0.001). While
the insulin level at diagnosis was lower in T1D than in T2D and MD (p<0.001, p=0.046), it was higher in T2D than in MD (p=0.003).
C-peptide level at diagnosis was lower in T1D than in T2D and MD (p<0.001, p=0.004).

Conclusion: The prevalence of obesity and T2D is increasing. Its detection is important because it is an important public health problem.

In addition to body mass index, HbAlc, insulin and C-peptide levels at the time of diagnosis help determine the type of diabetes.

Keywords: Child, Adolescent, Type 1 diabetes, Type 2 diabetes, Monogenic diabetes, Prevalence

GIRIS

Diabetes mellitus, insiilin sekresyonu, insiilin etkisi veya
her ikisindeki kusurlardan kaynaklanan kronik hiperglise-
mi ile karakterize metabolik bozukluktur. Yetersiz insiilin
sekresyonu ve/veya insiiline karsi azalmig doku yanitlar,
hedef dokularda yetersiz insiilin etkisine yol agarak karbon-
hidrat, yag ve protein metabolizmasinda anormalliklere yol
acar. Tip 1 diyabet (T1D), bir¢ok popiilasyonda, ozellikle
geng yasta baglayan diyabetin en yaygin sekli olmaya devam
ederken, tip 2 diyabet (T2D), 6zellikle ergenlerde, son za-
manlarda kiiresel halk sagligi sorunu haline gelen obezite
nedeniyle giderek artmaktadir (1).

Tip 1 diyabet, insiilin eksikligine yol agan, pankreas beta ([3)
-hiicrelerinin kronik immiin aracili ytkimi ile karakterizedir.
Vakalarin ¢ogunda, otoimmiin aracili pankreatik p-hiicre
yikimi degisken bir oranda meydana gelir ve genetik, yas,
etnik koken gibi farkl faktorlerden etkilenir (1). Yesilkaya
ve ark. tarafindan yapilan ulusal ¢caliymada tilkemizde T1D
prevalansi 75/100.000 bulunmustur (2). Giincel yayinlarda,
Tirkiye’deki pediatrik yas grubunda T1D’nin yillik insidan-
sinin son on yilda belirgin artmis oldugu bildirilmistir (3,4).

Tip 2 diyabet, obezite prevalansimnin artmasiyla ¢ocuk ve
ergenlerde ciddi bir saglik sorunu héline dontigmstiir (5).
Amerika’daki yeni pediatrik diyabet vakalarinin %45’inin
T2D oldugu bildirilmektedir (6). Tip 2 diyabetin patofiz-
yolojisi, instilin direnci ile birlikte bozulmus pankreatik
B-hiicre fonksiyonuna bagh goreceli insiilin eksikligi etkisi-
ni igerir. Tip 2 diyabetli genclerde yapilan TODAY c¢alisma-
s1, B-hiicre fonksiyonunda yilda ortalama %20-35 oraninda
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nispeten hizl bir bozulma oldugunu gostermektedir. Bu ve-
riler, geng bireylerde T2D’nin yetiskinlerden daha siddetli
ve hizli ilerleyen bir durum oldugunu gostermektedir (7, 8).

Baslangicta, genglerin erigkin baslangichi diyabeti [Maturit-
y-Onset Diabetes of the Young (MODY)] olarak adlandiri-
lan, hafif, ketotik olmayan diyabetin ailesel bir formu olan
monogenik diyabetin (MD), esas olarak {-hiicrelerinin ge-
lisimi veya islevi i¢in 6nemli olan genlerde heterozigot mu-
tasyonlardan kaynaklanan bir patoloji oldugu anlagilmistir.
Monogenik diyabet, otoantikor negatif diyabetik bireylerin
%1-6’s1n1 olugturmaktadir (1). GCK (glukokinaz) (MODY-
2), HNFI1A (hepatosit niikleer faktor 1 alfa) (MODY-3) ve
HNF4A (hepatosit niikleer faktor 4 alfa) (MODY-1) gen-
lerindeki heterozigot varyantlar en sik gorilenlerdir ve
birlikte monogenik diyabetin bilinen genetik nedenlerinin
%95’inden fazlasini olustururlar (9). Giniimtize kadar mo-
nogenik diyabetin on dort alt tipi tanimlanmigtir (10).

Diabetes mellitusun y6netimi igin, taninin zamaninda ko-
nulmasi ve dogru bir sekilde siniflandirilmas: uygun teda-
vi stratejisi i¢in gereklidir (11). Bu ¢alismada, Ordu ili ve
cevresinde diabetes mellitus tanisi ile takip edilen gocuk
ve ergenlerin etiyolojik, demografik, klinik ve laboratuvar
ozelliklerinin degerlendirilmesi amaglanmuistir.

GEREC ve YONTEMLER

Caligma, Ordu Universitesi Egitim ve Arastirma Hastanesi,
Cocuk Endokrinoloji Kliniginde Nisan 2022 ve Mart 2023
tarihleri arasinda “International Society for Pediatric and
Adolescent Diabetes” (ISPAD) kriterlerine (1) gore diyabet
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tanust ile takip edilen gocuk ve ergenlerin, tibbi kayitlarinin
retrospektif olarak incelenmesi ile gergeklestirildi. Bu ¢a-
lisma Ordu Universitesi Klinik Arastirmalar Etik Kurulu
tarafindan onayland: (Etik Kurul numarasi: 2023/247) ve
¢alismanin retrospektif olmasi nedeniyle bilgilendirilmis
onam gerekmedi.

Caligmaya 0-18 yas arasi, HbAlc >%6,5 olan T1D, T2D ve
MD tanisi ile takip edilen olgular dahil edildi. HbAlc <%6,5
olan prediyabetik veya stres hiperglisemisi olarak degerlen-
dirilen olgular ¢alisma dig1 birakildi.

Tium olgularda fizik muayene ve pubertal evreleme ayni
hekim (YO) tarafindan yapildi. Agirlik dlgiimleri kalibre
edilmis 100 grama duyarl dijital tart1 ve boy 6l¢timleri du-
vara sabitlenmis stadiometre (SECA, model 220, Hamburg,
Germany) ile yapildi. Viicut kiitle indeksi (VKI), agirligin
boyun karesine (kg/m?*) boliinmesiyle hesaplandi. Antropo-
metrik 6l¢iimlerin standart sapma puanlarmin (SDS) Tiir-
kiye ¢ocuk bilyiime referans verilerine gore hesaplanmasin-
da Child Metrics ¢evrimici programi (http://www.childmet-
rics.com) kullanildi (12). Hastalar T1D, T2D ve MD olarak
gruplandirildi.

Serum Total kolesterol (TC) diizeyi 200 mg/dLnin iizerin-
de, 6-9 yas arasi trigliserit diizeyi 100 mg/dL’nin iizerinde,
10-19 yas aras: trigliserid diizeyi 130 mg/dL’nin iizerinde,
disiik yogunluklu lipoprotein-kolesterol (LDL-C) 130 mg/
dL’nin tizerinde veya yiiksek yogunluklu lipoprotein-koles-

terol (HDL-C) diizeylerinin 40 mg/dL’nin altinda olmasi
dislipidemi olarak kabul edildi (13).

istatistiksel Analiz

Yapilan tiim analizler Jamovi (version 2.3.21) programi kul-
lanilarak degerlendirildi. Retrospektif bir ¢aligma olmasi ve
belirtilen bir yillik siire igerisinde takipli tiim diyabet tanili
olgular1 icermesi nedeniyle gii¢ analizi yapilmadi. Stirekli
degiskenlerin normal dagilip dagilmadigini kontrol etmek
i¢cin Kolmogorov-Smirnov testi ve/veya Shapiro-Wilk test-
leri kullanildi. Kategorik degiskenler say1 (yiizde) olarak ve-
rildi. Normal dagilima uymayan siirekli degiskenler ortanca
(geyrekler arasi aralik, IQR) olarak verildi. Normal dagilim
gostermeyen siirekli degiskenler Mann-Whitney U testi (iki
grup icin) veya Kruskal-Wallis testi (ii¢ veya daha fazla grup
icin) ile kargilastirildi. Gruplar arasinda Kruskal-Wallis tes-
tinde anlaml farklihk saptanmasi durumunda Dwass-Ste-
el-Critchlow-Fligner (DSCF) post-hoc analizi uyguland:. p
degeri <0,05 anlamli kabul edildi.

BULGULAR

Bir yilda ¢ocuk endokrinoloji poliklinigine en az bir kere
basvuran diyabet tanisi ile izlenen 95 (54 kiz, 61 pubertal)
cocuk/ergen calismaya dahil edildi. Olgularin ortanca yas-
lar1 12,8 (IQR, 6,9) yil idi (Sekil 1). Olgularin %69,5’i (n=66)
T1D, %20’si (n=19) T2D ve %10,5’i (n=10) MD tanisi ile
takip edilmekte idi. Olgularin tanimlayici 6zellikleri Tablo
I’de sunulmustur.
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Monogenik diyabet tanisi ile takipli olan iki hastada HFN1A
geninde ve alt1 hastada GCK geninde heterozigot mutasyon
saptandi. Ortanca tani yast T2D’de, T1D’ye ve MD’ye gore
daha yiiksekti (p<0,001 ve p<0,001 sirastyla) (Sekil 1). Tam
olgularin %44,2’si (n=42) hiperglisemi, %21,1’i (n=20) ke-
toz ve %34,7’si (n=33) ketoasidoz tablosunda bagvurmustu.

Tan1 aninda en sik bagvuru sekli T1D’de ketoasidoz (%50)
iken, T2D ve MD’de hiperglisemi (%89,5 ve %90, sirasiy-
la) idi. Gruplar arasinda boy-SDS’leri arasinda fark yok-
tu (p>0,05). Viicut agirligi-SDS’si ve VKI-SDS’si T2D’de,
T1D’ye (p<0,001 ve p<0,001 sirasiyla) ve MD’ye (p=0,001
ve p=0,003 sirastyla) gore daha yiiksekti (Sekil 1).

Tan1 anindaki HbAlc diizeyi T1D’de MD’ye gore daha
yiiksekti (p<0,001). Tan: anindaki insiilin diizeyi T1D’de,
T2D’ye ve MD’ye gore daha diisiik (p<0,001 ve p=0,046 s1-
rastyla), T2D’de MD2’ye kiyasla yiiksek bulundu (p=0,003).

Tablo 1: Diyabetli gocuklarin tanimlayici 6zellikleri

Ozellik Sonug
Diyabet tipi, n (%)

Tip 1 66 (69,5)

Tip 2 19 (20,0)

Monogenik 10 (10,5)
Yas (yil)* 12,8 (6,96)
Cinsiyet, n (%)

Kadin 54 (56,8)

Erkek 41 (43,2)
Pubertal durum, n (%)

Pubertal 61(64,2)

Prepubertal 34 (35,8)
Tani yas1 (yil) 8,8 (7,0)
Diyabet siiresi (y1l) * 1,5 (3,7)
Yeni tani, n (%) 58 (61,1)
Bagvuru, n (%)

Hiperglisemi 42 (44,2)

Ketoz 20 (21,1)

Ketoasidoz 33 (34,7)
VA SD§$* 0,55 (2,44)
Boy SDS* -0,06 (1,45)
VKI SDS* 0,47 2,49()
Tani anindaki HbA1c (%)* 9,9 (4,1)
Tani anindaki instilin (mIU/ml)* 6,78 (12,6)
Tani anindaki C-peptid (ng/ml) * 0,62 (1,30)
Son HbA1lc (%)* 7,9 (2,3)
LDL (mg/dl)* 84 (42)
HDL (mg/dl)* 50 (21)
Total kolesterol (mg/dl)* 155 (39)
Trigliserid (mg/dl)* 91 (79)

*Ortanca (IQR, ¢eyrekler arasi aralik) olarak ifade edilmistir.
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Tan1 anindaki C-peptid diizeyi T1D’de, T2D’ye ve MD’ye
kayasla diisiiktii (p<0,001 ve p=0,004 sirasiyla) (Sekil 2). Tip
1 diyabet tanili hastalarin diyabet otoantikorlarinin pozitit-
ligi %85 idi.

Tip 1 diyabetli 64 olgu ¢oklu doz insiilin tedavisi almakta
iken iki olgu siirekli subkutan insiilin infiizyon tedavisi al-
makta idi. Tip 2 diyabet tanili 11 olgu (%57,9) insiilin ve
metformin, sekiz olgu (%42,1) ise sadece metformin kul-
lanmaktaydi. GCK geninde mutasyon olan hastalarin diyet
tedavisi ile takip edildigi, HFN1A mutasyonu olan hasta-
lardan birinin siilfoniliire digerinin ise ¢oklu doz insiilin
tedavisi almakta oldugu tespit edildi. Olgular1 demografik,
Kklinik ve laboratuvar verileri Tablo 2’de 6zetlenmistir.
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Sekil 2: Gruplarin tan1 anindaki HbAlc, instilin ve C-peptid
diizeylerinin karsilagtiriimasi. NS: p>0,05, *: p<0,05,**: p<0,001.
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T1D’li olgularin sekizinde (%12,1) ve T2D’li olgularin be-
sinde (%26,3) dislipidemi saptanirken aralarindaki fark is-
tatistiksel olarak anlaml degildi (p=0,120). T1D’li ii¢ olgu-
da (%4,5) endoskopi ile dogrulanmis Célyak hastaligi, iki

olguda (%3) asikar hipotiroidi, bir olguda (%1,5) subklinik

Tablo 2: Diyabet tanisi ile izlenen olgularin demografik, klinik, laboratuvar 6zellikleri

hipotiroidi ve bir olguda da (%1,5) Miyastenia gravis tanila-
r1 beraberinde mevcuttu. Ayrica T1D’li birer olgu bilyiime
hormonu eksikligi, psdédohipoparatiroidi, otizm, fenilketo-
niiri ve glokom nedenleri ile izlenmekteydi.

T1D T2D Monogenik p T1D- T1D- T2D-
(n=66) (n=19) (n=10) degeri* T2D Monogenik Monogenik

Yas (yil)* 11,6 (7,44) 14,6 (2,75) 8,8 (5,7) <0,001 0,001 0,737 0,009
Cinsiyet kadin/erkek, n (%) 38/28 (57,6/42,4) 12/7 (63/37) 4/6(40/60) 0,481
Puberte var/yok, n (%) 38/28 (57,6/42,4) 19/0 (100/0)  4/6 (40/60) <0,001 0,002 0,555 <0,001
Tan1 yag1 (y1l) * 7,6 (5,5) 13,0 (4,0) 8,0 (4,0)  <0,001 <0,001 0,718 <0,001
Diyabet siiresi (yil) * 2,0 (3,6) 0,5 (1,8) 30(3,5 0,042 0,093 0,594 0,050
Yeni tani, n (%) 43 (65,1) 8 (42,1) 7 (70) 0,163
Bagvury, n (%) <0,001 <0,001  <0,001 0,999

« Hiperglisemi 16 (24,2) 17 (89,5) 9 (90)

« Ketoz 17 (25.,8) 2 (10,5) 1(10)

» Ketoasidoz 33 (50) - -
VA SDS* 0,01 (1,76) 2,35(1,96) 0,50 (2,22) <0,001 <0,001 0,897 0,001
Boy SDS* 0,10 (1,31) 0,29 (1,13)  -0,01(1,90) 0,47
VKI SDS* 0,16 (1,42) 2,27 (1,23)  -0,24(2,27) <0,001 <0,001 0,969 0,003
Tan1 anindaki HbA1c (%)* 10,9 (3,6) 8,9 (4,6) 6,8(0,6) <0001 0,107  <0,001 0,115
Tani1 anindaki instlin (mIU/ml) * 3,54 (4,25) 26,20 (38,34) 7,30(2,97) <0,001 <0,001 0,046 0,003
Tani anindaki C-peptid (ng/ml) 0,38 (0,52) 2,04 (3,76) 1,49 (1,02) <0,001 <0,001 0,004 0,076
Antikor pozitifligi, n (%) 28/33 (85) 1/12 (8,3) 0/4 <0,001 <0,001  <0,001 0,833
Tedavi, n (%) <0,001 <0,001  <0,001 <0,001

 Coklu doz insiilin/Pompa 64/2 (97/3) - 1(10)

o Oral antidiyabetik 0 8 (42) 1(10)

« Insiilin ve metformin 0 11 (58) 0

o Sadece diyet 0 0 8 (80)
Son HbAlc (%) 8,0 (1,8) 7,0 (2,2) 6,6(02) 0,002 0,218 0,001 0,946
LDL (mg/dl)* 79 (25) 95 (63) 88 (26) 0,582
HDL (mg/dl)* 58 (21) 41 (10) 50 (5) <0,001 0,001 0,507 0,041
Total kolesterol (mg/dl)* 153 (36) 159 (47) 158 (29) 0,962
Trigliserid (mg/dl) * 81 (53) 131 (78) 69 (41) 0,012 0,034 0,587 0,041
Dislipidemi, n (%) 8 (12,1) 5(26,3) - 0,120
Mikrovaskiiler komplikasyon, n (%) - - - -
Eslik eden hastalik, n (%) 12 (18) 4(21) 1(10) 0,636

« Subklinik/Asikarhipotiroidi 1/2(1,5/3)  2/1(10,5/5,3) -

o Colyak hastalig 3 (4,5) - 1(10)

« Biiytime hormonu eksikligi 1(1,5) - -

o PraderWilli Sendromu - 1(5,3) -

o Psodohipoparatiroidi 1(1,5) - -

o Otizm 1(1,5) - -

« Fenilketoniiri 1(1,5) - -

« Miyasteniagravis 1(1,5) - -

o Glokom 1(1,5) - -

*Ortanca (IQR, ¢eyrekler arasi aralik) olarak ifade edilmistir.
*p degeri, Kruskal-Wallis tek yonli varyans analizi ile hesaplanmustir. Gruplar arasinda Kruskal-Wallis testinde anlamli farklilik saptanmasi
durumunda Dwass-Steel-Critchlow-Fligner (DSCF) post-hoc analizi uygulanmustir.
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TARTISMA

Bu caligma, tek merkezde yiiriitiilen, Ordu ili ve ¢evresin-
den hastanemize basvuran ve ¢ocuk endokrinoloji tarafin-
dan diabetes mellitus tanist ile takip edilen ¢ocuk ve ergen
olgularin incelendigi ilk ¢alismadir. Calismamizin ana bul-
gusu olarak, diabetes mellitus tanisi ile takip edilen olgula-
rin %69,5’1i T1D, %20’si T2D ve %10,5’i MD tanusi ile takip
edilmekte idi.

Cocukluk déneminde en sik goriilen diyabet tipi T1D olup,
gocukluk cag1 diyabetinin %90'1ndan fazlasinda sorumlu-
dur (1). ABD’deki alt1 bolgede, T1D ve T2D’nin tahmini
prevalansinda 2001’den 2017’ye kadar 6nemli artis oldugu
bilinmektedir. Prevalanstaki yiizde artis T2D i¢in daha faz-
la olmasina karsin, mutlak prevalans artisinin T1D’de daha
biiyiik oranda oldugu gosterilmistir (14). Ulkemizde de El-
maogullar: ve arkadaglarinin yapmis oldugu bir ¢alismada,
hastaneye yatirilarak izlenen tiim yeni tani diyabet hastala-
rinin %7’sinin, T2D tanist almis oldugu bildirildi (15). Isle-
yen ve Bolu'nun ¢alismasinda incelenen diyabetli olgularin
% 57,7’si T1D, %16,7’si T2D ve %25,6’s1 MD idi (16). Mev-
cut ¢alismadaki yiiksek T2D orani, giiniimiizde artan obe-
zitenin en 6nemli risk faktorii olmasindan kaynaklanmak-
tadir. T2D’li olgularin viicut agirhigi-SDS ve VKI-SDS’sinin,
hem T1D’ye hem de MD’ye gore daha yiiksek olmas1 bunu
kanitlar niteliktedir.

Monogenik diyabetin tiim vakalarin sadece yaklasik %1-
6’sin1 olusturdugu tahmin edilmektedir (1). Monogenik
diyabet oranindaki artis, gelistirilmis genetik testlerin kulla-
niminin yayginlasmasina baglanmistir. isleyen ve Bolunun
calismasinda diyabetli olgularin %23’tintiin MODY tanil ol-
dugu gosterilmistir. Caligmalarindaki yiiksek MODY orani-
nin sebebi olarak, sadece yeni tani diyabet olgularini iceren,
dogum sikliginin fazla oldugu kapali bir toplulukta gercek-
lestirilmis olmasi 6ne siirilmustiir (16).

Tip 1 diyabetli ¢ocuklarin yaklagik tigte biri ketoasidoz ile
bagvurur (15, 16). Geleneksel tanimlamalara gore T1D geng
baslangicli olarak bilinse de, hastalik her yasta ortaya ¢ika-
bilir. Ulkemizde yapilan bir ¢alismada 127 T1D tanili gocuk/
ergenin yas ortalamasi 12,8+2,83 saptandi (17). Bizim ¢alis-
mamizda yas ortalamasi benzer sekilde 11,6 (median 7,4)
idi. Son zamanlarda ¢ocukluk ¢aginda yayginliginin artma-
sinin sonucunda obezite, T1D veya MD tanili cocuklarda da
%30 gibi bir oranda goriilebilmektedir (18). Obezite oranla-
rindaki artis sonucunda T2D siklig1, ergen grupta giderek
yayginlagsmaktadir. Tip 1 diyabetli yetiskinlerin %50 kadar1
baslangigta T2D tanisi alarak yanlig siniflandirilabilir. Sid-
detli endojen insiilin eksikliginin bir belirteci olarak disiik
C-peptid konsantrasyonu, hem smiflandirmaya hem de te-
daviye rehberlik etmek i¢in yararli olsa da, T1D’i diger diya-

Turk ] Diab Obes 2024; 1: 27-34

Ozer Y ve Altinok EI

bet tiirlerinden mitkemmel sekilde ayirt edemez. Yeni teshis
edilmis T1D’li kisilerin %90’1ndan fazlasi, insiilin, glutamat
dekarboksilaz, adacik antijeni 2, ¢cinko tasiyic1 8 ve tetraspa-
nin-7 dahil olmak iizere spesifik p-hiicre proteinlerine kars:
olgiilebilir antikorlara sahiptir. Cocuklarda iki veya daha
fazla serum otoantikorunun varligi serokonversiyon ola-
rak degerlendirilmektedir ve 18 yasina kadar %84 oraninda
klinik T1D riski ile iligkilidir (19). Bu oran ¢alismamizda
saptanan %85 serokonversiyon ile uyumludur. Ayrica diger
gruplarla karsilagtirdigimiz T1D’li ¢ocuklarda, tan1 aninda-
ki insiilin ve C-peptid diizeylerinin anlaml olarak diisiik ve
antikor pozitifligi anlamli olarak yitksek saptanmustir. Tan1
anindaki insiilin ve C-peptid diizeylerinin ve antikor pozi-
tifliginin degerlendirilmesi diyabetin siniflandirilmasinda
yararli belirteglerdir.

Hatun ve ark. tarafindan yapilan ¢ok merkezli ¢alisma-
da, ilkemizdeki T2D’li ¢ocuklarin %50’sinden fazlasinin
tani sirasinda asemptomatik oldugu gorilmiis ve sonugta
T2D riski yiiksek olan obez ¢ocuklarin taranmasinin 6ne-
mine dikkat ¢ekilmistir. Ancak, T2D tanisi alan ¢ocuklarin
6nemli bir kisminda tani aninda ketoniiri veya ketoasidoz
goriilmektedir (5). Daha 6nceki ¢alismalarla uyumlu olarak
T2D grubu hastalardaen sik bagvuru bulgusunun hipergli-
semi (%89,5) oldugu saptandi. Bu grupta ketoniiri veya ke-
toasidoz ile bagvuru oraninin diigitk olmasi (%10,5), olgu
sayisinin az olmast ile agiklanabilir. Caligmamizda, T2D’li
olgularin, ortanca tani yas1 13 yil ve ortanca VKI SDS’si
2,27 idi ve hepsi pubertal idi. Hatun ve arkadaglarinin ca-
lismasinda, T2D tani yas1 13.8 yil ve ortanca VKI SDS’si 2,4
bulunmustu (5). Genglerde T2D’nin tanisi, antikor pozitif-
liginin yani sira diisitk C-peptid diizeyleri goriilebilmesi ve
insiilin sekresyonunda gegici degisiklikler meydana gelebil-
mesi nedeniyle ¢ok zor olabilir (5). Tip 2 diyabetli gen¢lerde
C-peptid diizeyindeki azalma, metabolik kontroliin bozul-
masi ve insiilin tedavisi ihtiyaci ile iligkilidir (20). Calisma-
mizda T2D’de antikor pozitifligi oran1 %8,3 idi. 10 yas ve
tizeri T2D’lilerde TODAY ¢alismasinda %9,8 (21) ve SEAR-
CH calismasinda %21,2’sinde antikor pozitifligi bildirildi
(22). Seropozitif olan bu grubu olusturan hastalarin hem
otoimmiin T1D hem de T2D’li ¢ocuklar mi, yoksa obez
T1D’li ¢ocuklar m1 olduklar: tartismalidir (5).

Yasam tarz1 degisiklikleri, obeziteyle iliskili insiilin direnci-
nin yonetilmesinde kritik bir rol oynar. Giimiis ve arkadas-
larinin yapmuis olduklar: caligmada, adélesan giirescilere uy-
gulanan giires egitim programinin metabolizma ve insiilin
direnci tizerinde olumlu etkilerine dikkat ¢ekildi (23). Calis-
mamizdaki T2D’li olgularda tedavi secenegi olarak, yasam
tarzi degisikligine ilaveten %42,1 (n = 8) metformin, %57,9
(n = 11) insiilin ve metformin kombinasyonu tercih edildi.
ISPAD kilavuzunda, bagvurudaki HbAlc %8,5'in altinda
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olup stabil glisemisi mevcut olan gengler i¢in metformin,
saglikli yasam tarz1 degisiklikleriyle birlikte uygulanabilecek
ilk tedavi olarak gosterilmektedir. Ketoz/ketoniiri/DKA ile
basvuran veya HbAlc degeri %8,5’in iizerinde olan geng bi-
reylerde baslangi¢ tedavisi igin, bazal insiilin ile es zamanl
metformin onerilmektedir (7).

Monojenik diyabet, diyabetin monogenik, klinik ve gene-
tik olarak heterojen bir formudur. Buna neonatal diyabet,
genglerde olgunluk baslangicli diyabet (MODY) ve beta
hiicre fonksiyonundaki kusurlardan kaynaklanan diyabetle
iligkili nadir sendromlar dahildir (9). Caligmamizda %10,5i
(n=10) MD tanis1 ile takip edilmekte idi. Son aragtirmalar,
etnik kokene gore diinyada en stk HNF1A (%50), ikinci sik-
likta ise GCK (%32) varyantlarinin oldugunu gostermistir
(24). Ulkemizde GCK (%59,2) ve HNF1A (%18,3) en sik
varyantlar olarak bildirildi. Bu farkliliklar etnik kokende-
ki ¢esitlilik ve genetik testler i¢in farkli se¢im kriterlerinin
kullanilmasiyla agiklanmaktadir (9). Caliymamizda, ulusal
verilerle uyumlu olarak en sik varyantin GCK (n=6), ikin-
ci en sik varyantin HNF1A (n=2) oldugu tespit edilmistir.
GCK-MODY, pediatrik diyabet kliniginde MD’in en yay-
gin alt tipidir ve klinik fenotipi hastalar arasinda olduk¢a
homojendir. Dogumdan itibaren, ilerleyici olmayan hafif
hiperglisemiile seyreder ve HbA1c'leri genellikle %7,5’in al-
tindadir. Monogenik diyabet i¢in aile 6ykiisii ¢ok dnemlidir.
En az bir aile tiyesine 25 yas altinda diyabet tanis1 konulmus
olmasi, en az ii¢ nesil boyunca otozomal dominant kali-
tum paterni veya en az iki birinci nesil varlig: gibi kanitlar
¢ok 6nemlidir (9). Calismamizda yer alan dort aileden alti
kisinin GCK varyantina sahip olusu, aile oykiisiiniin 6ne-
mini desteklemektedir. Monogenik diyabet, klinik fenotip
yoninden TID ve T2D ile 6énemli dl¢iide ortismektedir.
Ancak, T1D’de beklendigi gibi otoantikor pozitifligi olma-
yan, T2D’de beklendigi gibi obez olmayan, aile 6ykiisti olan,
balay1 doneminden sonrada diisiik doz insiilin ihtiyaci olan
ve bazit MODY alt tiplerindeki spesifik 6zelliklerini tasiyan
diyabetik gencler genetik molekiiler testler agisindan deger-
lendirilmelidir (1).

Tip 1 diyabetli bireylerde organa 6zgii otoantikorlar sapta-
nabilir ve %25’e varan siklikla ek otoimmiin hastalik birlik-
teligi bulunmaktadir. Otoimmiin tiroid hastaligi, i¢lerinde
en sik goriilendir. Colyak hastaligi da T1D ile birlikte sik go-
riilen otoimmiin hastaliklardan olup ikinci sirada gelmekte-
dir (25). Karaca Aydogan ve arkadaglarinin 92 T1D’li gocuk
hasta ile yapmis olduklar1 bir ¢alismada %6,52 oraninda
otoimmiin hastalik birlikteligi tespit edilmisken (26) bizim
caligmamizda eglik eden otoimmiin hastalik (hipotiroidi,
¢Olyak hastalig1 ve myastenia gravis) oran1 %10,5 saptandi.

Calismamizin giiglii yani Ordu ilinde ¢ocuk ve ergen diyabet
hastalart iizerine yapilmus ilk ¢aligma olmasidir. Ote yandan

obezite ve T2D prevalansindaki artisa dikkat gekiyor ol-
masinin 6nemli oldugunu diisiinmekteyiz. Arastirmadaki
hasta sayisinin az olmasi ve tek merkez verilerini icermesi
kisitliliklardan sayilabilir. Caligma siiresinin uzatilmas: ile
ilerleyen zamanda, ayn1 merkezde daha fazla hasta saysi ile
yeni ¢aligmalar yapilmasi olasidir. Ote yandan bélgesel veri-
leri iceren, daha fazla merkezin dahil edildigi genis ¢alisma-
lar yapilmasinin literatiire katkilar sunacag goriistindeyiz.

Sonug olarak, kohortumuzda, tiim diyabetli gocuklarin
%2’sinin T2D tanili olmasi, risk faktorlerinden artan obe-
zite ile iligkilidir. Bu nedenle toplumun obezite konusun-
da bilinglendirilmesi ve saglik hizmeti saglayicilarinin da
obeziteyle daha etkin miicadelede etmesi gereklidir. Viicut
kiitle indeksi yiiksekliginin yaninda, tan1 anindaki HbAlc,
insiilin dizeyi, C-peptid diizeyi ve otoantikor pozitifligi di-
yabetin tipinin belirlenmesinde yardimci olmaktadir.

Tesekkiir
Caligma icin, 6zellikle veri toplanmasina olan katkilarindan dolay1
hemsire Nurcan Kaya'ya tesekkiir ederiz.
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oz
Amag: Aragtirma kronik hastalarin metabolik sendrom bilgi ve farkindaliklarinin incelenmesi amaciyla ger¢eklestirildi.
Gereg ve Yontemler: Arastirma kesitsel tarama modeli kullanilarak gergeklestirildi. Arastirmanin verileri 14 Kasim 2023- 12 Ocak 2024
tarihleri arasinda ‘Hasta Tanitim Formu’ ve ‘Metabolik Sendrom Bilgi ve Farkindalik Olgegi’ (MSBFO) kullanilarak kartopu érnekleme

yontemiyle toplandi. Tanimlayicr istatistikler igin ortalama, standart sapma, min-maks degerler, say1 ve ytizde kullanildi. Verilerin
analizinde tanimlayic istatistikler, independent samples t test, one-way ANOVA testi kullanildi.

Bulgular: Hastalarin %31,7’si 50-79 yas arasi, %66,0%s1 kadin, %38,3’ii {iniversite ve iizeri mezunu, %53,1’i evli ve %66,0%1 sehir
merkezinde yasamaktadir. Katilimcilarin %26,1'inin hipertansiyon, %21,5’inin diyabetes mellitus, %17,5’inin solunum hastaliginin
oldugu belirlendi. Ayrica katilimcilarin %35,6’1n1n hastalik siiresinin 1-5 yil arasinda oldugu, %61,1’inin diizenli olarak ilag kullandig:
ve %58,4’liniin diyetine uymadig1 bulundu. Hastalarin MSBFO puan ortalamasi 49,38+10,67 (min=14 ve max=70) oldugu saptandu.
Hastalarin yas, egitim durumu, ¢aligma durumu, hastalik siiresi, diizenli ilag kullanma ve diyetine uyma durumu ile MSBFO toplam
puan ortalamasi arasinda anlamli fark bulundu (p<0,05).

Sonug: Sonug olarak kronik hastaliga sahip bireylerin metabolik sendrom bilgi ve farkindaliklarinin orta diizeyin tizerinde oldugu tespit
edildi. Yagam tarz1 degisiklikleri Metabolik sendrom (MetS) insidansini azaltmak i¢in etkili bir strateji oldugundan, kronik hastalarda
bilgi diizeylerinin ve farkindaliklarinin artirilmasi, yasam tarzlarinin iyilestirilmesine yardimer olabilir.

Anahtar Sozciikler: Metabolik sendrom, Kronik hastalik, Bilgi, Farkindalik

Metabolic Syndrome Knowledge Levels and Awarenesses of Chronic Patients

ABSTRACT

Aim: The study was carried out descriptive-analytically to examine the knowledge and awareness of metabolic syndrome of chronic
patients.

Material and Methods: In this study, a cross-sectional survey model was used. The data was collected through snowball sampling
between November 14, 2023, and January 12, 2024, using the ‘Patient Introduction Form’ and ‘Metabolic Syndrome Knowledge and
Awareness Scale’ (MSKAS). Mean, standard deviation, min-max values, number and percentage were used for descriptive statistics.
Descriptive statistics, independent samples t test, one-way ANOVA test were used to analyse the data.

Results: Of the patients, 31.7% were between 50-79 years of age, 66.0% were female, 38.3% had a university degree or higher, 53.1%
were married and 66.0% lived in the city centre. It was determined that 26.1% of the participants had hypertension, 21.5% had diabetes,
and 17.5% had respiratory disease. It was also found that 35.6% of the participants had a disease duration of 1-5 years, 61.1% regularly
used medication, and 58.4% did not follow their diets. The mean MSKAS score of the patients was 49.38+10.67 (min=14 and max=70).
A significant difference was found between age, educational status, employment status, disease duration, regular medication use and
dietary adherence and mean total score of the MSKAS (p<0.05).
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Conclusion: Metabolic syndrome knowledge and awareness of individuals with chronic diseases were found to be above average. Since
lifestyle changes are an effective strategy to reduce the incidence of metabolic syndrome (MetS), increasing the level of knowledge and

awareness of chronic patients may help to improve their lifestyles.

Keywords: Metabolic syndrome, Chronic disease, Knowledge, Awareness

GIRIS

Metabolik sendrom (MetS), Ilk defa Reaven (1988) tarafin-
dan hiperglisemi, hipertansiyon ve hiperiirisemi gibi gesit-
li metabolik anormalliklerin oldugu kompleks bir hastalik
olarak tanimlanmis ve “Sendrom X” adi verilmistir (1,2).
MetS ayni zamanda, “Instilin direnci sendromu”, “Gliim-
ciil dortlii”, “uygarlik sendromu” ve “polimetabolik send-
rom” gibi terimlerle de ifade edilmektedir (3). MetS, tip 2
diyabetus mellitus (DM) ve kardiyovaskiiler hastalik (KVH)
i¢in bir risk faktorii olan hiperglisemi, abdominal obezite,
insiilin direnci, hipertrigliseridemi, yiiksek yogunluklu li-
poproteinler (HDL) ve arteriyel hipertansiyonu igeren bir
grup hastaliktir (4-6). “Ulusal Kolesterol Egitim Programi
Yetiskin Tedavi Paneli ATP III (NCEP-ATP III)” kriterlerine
gore, MetS’in bes belirleyicisinden ligiinii karsiliyor olmak
MetS tanisi igin yeterli olmaktadir. Bu belirleyiciler; bel gev-
resinin erkeklerde >102 cm (santimetre) veya kadinlarda
88 cm olmasi, kan basimncinin 130/85 mmHg'nin tizerinde
olmasi, aglik trigliserit diizeyinin 150 mg/dL’nin {izerinde
olmasi, aglik HDL kolesterol diizeyinin erkeklerde 40 mg/
dL’nin veya kadinlarin 50 mg/dL’nin altinda olmas: ve aghik
kan sekerinin 100 mg/dL’nin tizerinde olmasidir (7).

Literatiir incelendiginde MetS’ in en temel nedeni, bireyler-
de yag dokusunun artmasina bagli doku disfonksiyonu ve
insiilin direncidir. Artan yag dokusundan salinan bir takim
proinflamatuar sitokinler (leptin, timor nekroz faktord,
adiponektin, plazminojen aktivator inhibitori, resistin...
vb.) insiilin kullanimi olumsuz yonde etkileyerek insiilin
direncinin olugmasina neden olmaktadir. Ust viicut yag bi-
rikimi ve insiilin direnci, vaskiiler ve otonomik hasar ola-
rak ortaya ¢ikan metabolik sendromun gelismesine neden
olabilmektedir (8). Olusan bu mikrovaskiiler hasarlara bag-
I1 olarak ise, hipertansiyon, aterosklerotik hastaliklar, sol
ventrikiil hipertrofisi, kardiyomiyopati gibi kalp hastalig1
ve bireylerde bobrek yetmezligine neden olan ¢esitli viicut
fonksiyon hastaliklar1 olarak ifade edilen kronik hastaliklar
goriilebilmektedir (9,10).

Diinya genelinde ¢ok fazla insani etkiledigi bilinen MetS,
her gegen giin insidansi artan énemli bir morbidite sebe-
bidir (1). Bununla birlikte, MetS’le iliskili oldugu bilinen
kronik hastaliklardan olan DM’ye bagli komplikasyonlarin
diinyada her yil 3,2 milyon kisinin 6limiine neden oldu-
gu bilinmektedir. Yine, MetS’in ana bilesenlerinden KVH

Turk ] Diab Obes 2024; 1: 35-42

ve komplikasyonlar: kiiresel anlamda giderek artmakta ve
saglik sistemleri tizerine biiyiik yiik getirmektedir. DM in-
sidansinin 2025 yilinda iki katina ¢ikacaginin 6n goraldiagi
bir literatiir bilgisinde KVH’ ninde DM ile paralel bir gekil-
de insidansinin artacag: bildirilmektedir (11,12). “Amerika
Ulusal Saglik ve Beslenme Arastirmasi (National Health
and Nutrition Examination Survey (NHANES))” na gore
MetS’in genel prevalansinin %34-35 oldugu, kronik has-
taliklarin artis gosterdigi 60 yas {izerinde ise bu oran %50
olarak belirlenmistir (13). Bununla birlikte, kronik hastalik-
larin oldukg¢a fazla gorildigii Amerika, Hindistan ve Av-
rupa iilkelerinde yetiskinlerin en az %25’inin MetS’e sahip
olduklar bildirilmektedir (14).

MetS’li bireylerin MetS olmayan bireylere gore 6liim riski iki
kat daha fazladir. MetS’i olan bireylerin major kardiyovas-
kiiler olay riski 3-5 kat, Tip 2 DM gelisme riski 2-5 kat daha
fazladir ve diinyada 230 milyon DM’li bireyin tamamina
yakini (>%80) KVH’ye bagh 6lim riski ile kars: karstyadir
(10-13). Ayrica, MetS’li bireylerde nérodejeneratif hastalik-
lar, kanser, dolasim bozukluklari, dislipidemi, alkole bagl
olmayan yagl karaciger hastaligi ve infertilite gibi diger
Onlenebilir kronik hastaliklarin riski de artmaktadir (13).
Bununla birlikte, Tiirkiye’deki her sekiz kisiden ti¢ yetiski-
nin, koroner arter hastaligina sahip bireylerin ise %53 unun
MetS’li oldugu tahmin edilmektedir. “NCEP-ATP III” Kila-
vuzu’'nun O6nerdigi kriterlerin uygulandig1 “Tiirk Eriskinler-
de Kalp Hastalig1 ve Risk Faktorleri (TEKHARF)” isimli bir
calismada, MetS’li bireylerin prevalanst %38 olarak belir-
lenmistir. “Tiirkiye Metabolik Sendrom Arastirmas: (MET-
SAR)"nda ise, MetS prevelansinin yetiskinlerde (>20 yas)
%35 ve kadinlarda (%41,1) gorillme sikligini erkeklerden
(%28,8) daha yiiksek oldugu bildirilmistir (15,16). Tiim bil-
giler dogrultusunda, kronik hastaliga sahip bireylerde MetS
goriilme riskinin yiiksek olugunu séylemek miimkiindiir.
Literatiir incelendiginde kanserden kurtulan hastalarda ve
MetS tanil hastalarda MetS bilgi diizeylerinin incelendigi
caligmalara rastlanilmig (17-19), fakat kronik hastalig1 olan
hastalarda MetS bilgi ve farkindaliginin arastirildig: ¢alis-
maya rastlanilmamistir. Bu popiilasyon i¢in MetS heniiz or-
taya ¢ikmadan 6nlenmesi ve MetS’e bagh 6liim oranlarinin
azaltilabilmesi biiyiik 6nem arz ettiginden mevcut ¢alisma-
da kronik hastalarin MetS bilgi diizeyleri ve farkindalikla-
rinin incelenmesi amaglanmistir. Yasam tarzi degisiklikleri
MetS insidansini azaltmak igin etkili bir strateji oldugundan
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(20), ¢alismanin sonuglari, hastalar arasinda MetS’e iligskin
bilgi diizeyinin artirilmasina ve yasam tarzlarinin iyilestiril-
mesine yardimci olabilir. Hastalarin ihtiya¢ duydugu bilgi-
leri degerlendirerek hasta gereksinimlerine daha iyi yanit
verebilmesi agisindan da hemsirelere yol gosterici olabilir
(21). Bu baglamda ¢aligmada, kronik hastalarin MetS bilgi
diizeyleri ve farkindaliklar: incelenmistir.

GEREC ve YONTEMLER
Arastirmanin Tipi ve Amaci

Arastirma kronik hastaligi olanlarin metabolik sendrom bil-
gi ve farkindaliklarinin incelenmesi amaciyla kesitsel tara-
ma modeli kullanilarak gerceklestirildi.

Arastirmanin Zamani ve Orneklemi

Aragtirmanin evrenini 14 Kasim 2023- 12 Ocak 2024 tarih-
leri arasinda Tirkiye'nin Dogu Karadeniz bolgesinde yer
alan iki ilde yasayan, ¢aligma Kkriterlerine uygun bireyler
olusturdu. Arastirmanin 6rneklemini belirlemek amaciyla
glic analizi yapildi. G*Power 3.1.9.6 (Gli¢ analizi istatistik
yazilim1) programinda hata miktar1 a=0,05, testin giicii 0,95
(1-PB) ve etki birytkliigi d=0,20 (diistik etki) olacak sekilde
orneklem sayis1 hesaplandiginda minimal 6rneklem biiyiik-
lagi 262 olarak hesaplandi. Bu ¢aligmada 303 katilimciya
ulasildi.

Arastirmaya dahil edilme kriteleri;

o Kronik hastalik tanisi almasinin iizerinden en az 6 ay
gegmesi,

o 18 yas ve lizerinde olmasi,

o Arastirmaya katilmaya goniillii olmasidir.

Arastirmadan dislama kriterleri;

o Katilimi kabul etmemesi,

o Online ayni kisinin birden fazla katilim saglamasidir.

Verilerin Toplanmasi

Arastirmanin verileri, olasiliksiz 6rnekleme tekniklerinden
kartopu Ornekleme yontemi kullanilarak toplandi. Veri
toplama araglar1 elektronik ortamda hazirlandiktan sonra
kartopu 6rneklemin ilk halkasini olusturan Bayburt Uni-
versitesi 6grencileri ile paylasildi. Arastirmaya dahil olma
kriterlerine uyan hastalarin etrafinda yonlendirebilecegi
hastalarla anket baglanti adresini iletmeleri istendi. Arastir-
maya dijital bilgilendirilmis onam formu ile katilmayi kabul
eden hastalara online anket paylasildi.

Veri Toplama Araglari

Veriler, ‘Hasta Tanitim Formu’ ve ‘Metabolik Sendrom Bil-
gi ve Farkindalik Olgegi’ kullanilarak online olarak toplandu.

Hasta Tanitim Formu: Literatiir taranarak olusturulan bu
formda (22,23) on soru yer aldi. Formda yas, cinsiyet, me-
deni durum, egitim durumu, meslek, yerlesim yeri, hasta-
lik siiresi, kronik hastalik, ila¢ kullanma durumu ve diyete
uyma durumu sorgulandu.

Metabolik Sendrom Bilgi ve Farkindalik Olgegi (MS-
BFO): Dért alt boyutlu ve toplam 14 sorunun yer aldig 61-
¢ek Karaman ve Akbulut (2023) tarafindan gelistirilmigtir.
5’li likert tipinde olusturulmus olan bu ol¢ekte; “Kesinlikle
Katilmiyorum” ifadesi °1” puan, “Katilmiyorum” ifadesi “2”
puan, “Fikrim Yok” ifadesi “3” puan, “Katiliyorum” ifadesi
°4” puan ve “Kesinlikle Katiliyorum” ifadesi °5” puan ola-
rak puanlandi. Puanlama sonucunda 6l¢ekten alinabilecek
toplam puan en az “14” en fazla °70” puandir. Degerlendir-
me yapilirken; puanin yitkselmesi Metabolik sendrom bilgi
ve farkindaliginin yiiksek olmasi, puanin diigmesi Metabo-
lik sendrom bilgi ve farkindaliginin diisiik olmas: olarak yo-
rumlandi. Ayni uygulama alt boyutlar degerlendirilirken de
kullanildi. Ol¢egin tanimlama, genel saglik, farkindalik ve
korunma olmak tizere dort alt boyutunun ilk uygulamadaki
Cronbach alfa giivenirlik katsayist 0,70 ile 0,79 arasindadir.
Ikinci uygulamada alt boyutlarinin Cronbach alfa giivenir-
lik katsays1 0,75 ile 0,88 arasindadir. MSBFO toplam puan
Cronbach alfa giivenirlik katsayis1 ilk uygulamada 0,78,
ikinci uygulamada ise 0,91°dir (24). Bu aragtirmada Cron-
bach alfa giivenirlik katsayist 0,92 bulunmugtur.

istatistiksel Analiz

Verilerin analizinde IBM SPSS v. 25.0 programi kullanildi.
[statistiksel anlamlilik diizeyi p<0,05 olarak kabul edildi.
Verilerin normal dagilip dagilmadig Skewness ve Kurtosis
(-1 ve +1) ile degerlendirildi (25). Verilerin normal dagilim
gosterdigi belirlendi. Verilerin analizinde tanimlayici ista-
tistikler, Independent samples t test ve One-Way ANOVA
(Pos toc analiz icin Bonferoni testi) analizi kullanild:.

BULGULAR

Hastalarin %31,7’si 50-79 yas aras1, %66,0’s1 kadin, %38,3’ii
Uiniversite ve lizeri mezunu, %53,1’i evli ve %66,0’s1 sehir
merkezinde yasamaktadir. Katilimcilarin %26,1’inin  hi-
pertansiyon, %21,5'inin diabetes mellitus, %17,5'inin so-
lunum hastaliginin oldugu belirlendi. Ayrica katilimcila-
rin %35,6’sinin hastalik siiresinin 1-5 yil arasinda oldugu,
%61,1'inin diizenli olarak ila¢ kullandig1 ve %58,4’inlin
diyetine uymadig1 bulundu (Tablo 1).

Hastalarin MSBFO puan ortalamasi 49,38+10,67 (min=14
ve maks=70) oldugu saptandi. MSBFO alt boyutu puan or-
talamalar:: Tamimlama 17,0244,54 (min=5 ve maks=25);
Genel Saglik 10,01+2,72 (min=3 ve maks=15); Farkinda-
lik 10,51+2,88 (min=3 ve maks=15); Korunma 11,83+2,87
(min=3 ve maks=15) olarak saptandi.
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Tablo 1: Hastalarinin sosyodemografik 6zellikleri (n=303).

Tanitic1 Bilgiler*

Sonug¢ (n=303)

Yas grubu
18-29 yil 117 (38,6)
30-49 yil 54 (17,8)
50-69 yil 96 (31,7)
70 y1l ve tizeri 36 (11,9)
Cinsiyet
Kadin 200 (66,0)
Erkek 103 (34,0)
Medeni durum
Evli 161 (53,1)
Bekar 142 (46.9)
Egitim durumu
Okuryazar degil 33 (10,9)
Okuryazar 27 (8,9)
Ilkokul mezunu 63 (20,8)
Ortaokul mezunu 64 (21,1)
Lise ve tizeri mezun 116 (38,3)
Caligma durumu
Evet 67 (22,1)
Hayir 236 (77,9)
Yerlesim yeri
Merkez 188 (62,0)
flge 68 (22,4)
Kéy/Kasaba 47 (15,6)
Hastalik siiresi
Bir yildan az 33 (10,9)
1-5y1l 108 (35,6)
6-10 yil 64 (21,1)
11 yil ve tizeri 98 (32,3)
Diizenli ila¢ kullanma durumu
Evet 185 (61,1)
Hayir 118 (38,9)
Diyetine uyma durumu
Evet 126 (41,6)
Hayir 177 (58,4)
Kronik hastalik durumu**
Hipertansiyon 79 (26,1)
Diyabet 65 (21,5)
Solunum hastaliklar: 53(17,5)
Kardiyovaskiiler hastalik 42 (13,9)
Bobrek hastalig 33(10,9)
Migren 26 (8,6)
Diger (epilepsi, gut, kanser vb.) 120 (39,6)

*Veriler n(%) olarak gosterilmistir. **Birden fazla secenek isaretlenmistir.
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MSBFO alt boyut puan ortalamalari Tablo 2’de verildi.

Hastalarin yas degiskeni ile farkindalik alt boyutu, korun
ma alt boyutu ve MSBFO toplam puani arasinda istatistiksel
anlamli fark bulundu (p<0,05). Cinsiyet ve medeni durum
degiskeni ile korunma alt boyutu puani arasinda istatistiksel
anlamli fark bulundu (p<0,05). Hastalarin egitim durumu
ile farkindalik alt boyutu, korunma alt boyutu ve MSBFO
toplam puani arasinda istatistiksel anlamli fark bulundu
(p<0,05). Hastalarin ¢aligma durumu ve hastalik siiresi de-
giskenleri ile tanimlama alt boyutu, genel saglik alt boyutu,
farkindalik alt boyutu ve MSBFO toplam puani arasinda
istatistiksel anlamli fark bulundu (p<0,05). Diizenli ilag kul-
lanma durumu ile tanimlama alt boyutu ve MSBFO toplam
puani arasinda istatistiksel anlamli fark bulundu (p<0,05).
Hastalarin diyetine uyma durumu ile tanimlama alt boyutu,
korunma alt boyutu ve MSBFO toplam puani arasinda ista-
tistiksel anlamli fark bulundu (p<0,05).

TARTISMA

Kronik hastalarin MetS bilgi ve farkindaliklarinin orta dii-
zeyin lizerinde oldugu tespit edildi. MetS'in farkindalik
diizeylerinin incelendigi ¢alismalarda farkindalik duasiik
olarak bildirilmistir (26,27). Seo ve arkadaslarinin yaptik-
lar1 ¢alismanin sonucunda kanserden kurtulan 88 hastanin
MetS bilgi diizeyinin zayif oldugu ve bunlarin {igte birinden
fazlasinda MetS'un bulundugu tespit edilmistir (17). Calis-
mamizda literatiirden farkli olarak MetS bilgi ve farkinda-
ligin yiiksek olmasinin 6rneklemimizin %38,3’tiniin egitim
durumunun lise ve iizerinde mezun olmalarindan kaynak-
landig1 diistintilmuigtir.

Caligmamizda 18-29 yas grubunda yer alan hastalarin MetS
‘farkindalik’ ve ‘korunma’ boyutlari ile toplam MetS bilgi
ve farkindaliklar1 50-69 yas grubunda yer alan hastalardan
yiiksek bulundu. Ayni zamanda 50-69 yas grubunda yer
alan hastalarin MetS ‘korunma’ boyutu ile toplam MetS bil-
gi ve farkindaliklar1 70 ve iizeri yas grubunda yer alan has-
talardan yiiksek bulundu. Literatiirle paralel olarak yasin
azalmasiyla birlikte MetS riskine iligkin farkindaligin arttig
(28), bilgi diizeyinin de yiikseldigi bildirilmektedir (29).

Universite 6grencilerinin MetS bilgi ve farkindaliklarinin
incelendigi caligmalarin sonucunda kadinlarin erkeklerden
daha fazla bilgiye sahip olduklar: (30,31) ve farkindalik-
larimin erkeklerde daha yiiksek oldugu bildirilmistir (32).
Caligmamizda, kadinlarin MetS ‘korunma’ boyutlarinin er-
keklerden ytiksek olmasinin kadinlarinin viicut sekilleriyle
daha fazla ilgilenmelerinden kaynaklandig diistiniilmiigtiir.

Birinci basamak saglik hizmetinde gorev yapan hekimlerin
MetS’e iliskin bilgi sahibi olmalar1 ile medeni durum arasin-
da iliski olmadig: bildirilmistir (33). Calismamizda, bekér-
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Tablo 2: Hastalarin sosyodemografik 6zellikleri ile metabolik sendrom bilgi ve farkindalik 6l¢egi toplam ve alt boyutlarinin puan orta-
lamalarinin kargilagtirilmast.

Degiskenler* Tanimlama Genel Saglik Farkindalik Korunma MSBFO**
Yas
18-29! 17,41+£5,41 10,53+3,17 11,12+3,26 12,79+2,77 51,88+11,97
30-492 17,68+4,70 9,90+2,91 10,50£2,95 12,11£2,98 50,20+11,24
50-69° 16,56+3,89 9,59+2,18 9,94+2,48 11,01+2,76 47,1149,21
70 ve tizeri* 16,00+1,89 9,58+1,84 10,02+1,97 10,47+2,17 46,08+6,24
F=1,625 F=2,569 F=3,430 F=10,761 F=5,023
p=0,183 p=0,055 p=0,017* p<0,001° p=0,002°¢
Cinsiyet
Kadin 17,22+4,50 10,12£2,70 10,61+2,88 12,08+2,75 50,05+10,46
Erkek 16,64+4,60 9,79+2,77 10,31+2,88 11,33£3,06 48,08+11,01
t=-1,053 t=-0,986 t=-0,870 t=-2,076 t=-1,494
p=0,294 p=0,326 p=0,385 p=0,039 p=0,137
Medeni durum
Evli 17,18+3,80 9,86+2,34 10,31+£2,49 11,46%2,76 48,83+9,19
Bekar 16,84£5,26 10,17£3,10 10,73+3,25 12,24+2,95 50,00+12,14
t=0,639 t=-0,959 t=-1,273 t=-2,363 t=-0,939
p=0,523 p=0,338 p=0,204 p=0,019 p=0,348
Egitim durumu
Okuryazar degil® 16,30+3,71 9,36+1,88 9,90+1,97 9,93+2,38 45,51+7,64
Okuryazar® 16,14+3,23 9,29+1,87 9,92+2,25 10,85+2,64 46,22+8,11
flkokul mezunu’ 16,79+3,35 9,82+1,98 9,85+2,35 11,15+2,40 47,63+8,02
Ortaokul mezunu® 16,62+4,82 9,81+2,79 10,29+3,00 11,90+3,08 48,64+11,24
Lise ve tizerinde mezun’ 17,78+5,30 10,57+3,27 11,29+3,25 12,92+2,75 52,57+12,05
F=1,443 F=2,381 F=3,811 F=1,421 F=5,024
p=0,222 p=0,052 p=0,005¢ p<0,001¢ p=0,001*
Calisma durumu
Evet 18,31+4,59 10,80+3,03 11,35+2,95 12,44+3,11 52,92+11,65
Hayir 16,66+4,46 9,78+2,59 10,27+2,82 11,65+2,79 48,37+10,18
t=2,611 t=2,500 t=2,685 t=1,875 t=2,895
p=0,010 p=0,014 p=0,008 p=0,064 p=0,005
Hastalik siiresi
Bir yildan az' 18,69+5,07 11,66%2,65 12,24+2,65 12,81+2,95 55,42+11,45
1-5 yil" 16,72+4,68 9,61+2,71 10,26+3,15 11,58+2,96 48,18+10,99
6-10 yil*? 17,81+4,28 10,43+2,64 10,95+2,83 11,76+2,72 50,96+10,00
11 y1l ve tizeri® 16,28+4,20 9,61+2,60 9,90+2,40 11,81+2,82 47,63+9,71
F=3,225 F=1,421 F=6,494 F=1,580 F=5,564
p=0,023¢ p<0,001" p<0,001 p=0,194 p=0,001
Diizenli ilag kullanma durumu
Evet 17,62+4,23 10,10+2,75 10,76+2,91 12,07+2,91 50,56+10,51
Hayir 16,09+4,86 9,86+2,68 10,11+2,79 11,45+2,80 47,53+10,71
t=2,802 t=0,762 t=1,921 t=1,828 t=2,416
p=0,006 p=0,447 p=0,056 p=0,069 p=0,016
Diyetine uyma durumu
Evet 17,98+4,23 10,11£2,67 10,80£2,85 12,51+2,57 51,42+9,96
Hayir 16,34+4,64 9,93+2,76 10,29+2,88 11,34+2,99 47,92+10,94
t=3,190 t=0,572 t=1,525 t=3,646 t=2,892
p=0,002 p=0,567 p=0,128 p<0,001 p=0,004

*Puan verileri ortalamazstandart sapma olarak verilmistir. **MSBEO: Metabolik Sendrom Bilgi ve Farkindalik Olgegi
11>3,° 1>3>4, <1>3>4, 9957, ¢8>5, 9>5, 9>6, 9>7, 9>5, 9>6, 9>7, #10>13,10>11, 10>13,'10>11, 10>13,710>11, 10>13
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larin MetS ‘korunma’ boyutlarinin evlilerden yiiksek olma-
sinin bekérlarin saghik sorunlariyla daha ilgili olmasindan
kaynaklandig: diigtiniilmustiir.

Egitim durumlar lise ve tizerinde olanlarin MetS farkinda-
liklarinin ilkokul mezunu olanlarda yiiksek bulundu. Or-
taokul mezunu olanlarin MetS’den korunma bilgilerinin
okuryazar olmayanlardan fazla oldugu sonucuna ulagildi.
Ayn1 zamanda toplam MetS bilgi ve farkindaligin lise ve
tizeri mezun olanlarin okuryazar olmayanlara gére daha
fazla olmasi da literatiir ile paralel sonuglar gostermistir
(34,35).

Calismamizda yer alan hastalarin MetS ‘tanimlama’, ‘genel
saglik’ ve ‘farkindalik’ boyutlari ile toplam MetS bilgi ve far-
kindaliklar: ¢aligan hasta grubunda daha yiiksek bulundu.
Aile gelirinin yiiksek olmasinin MetS bilgisi ile pozitif ilis-
kili oldugu bildirilirken (29), Hindistan’daki egitim hasta-
nesindeki MetS hastalar1 arasinda saglik davranis: ve kardi-
yovaskiiler hastalik risk faktorlerine yonelik bilgi, tutum ve
uygulamalarin sosyoekonomik durum ile iliskili olmadig:
bildirilmistir (19). Bu arastirmada ¢aliganlarin sosyoekono-
mik durumlarinin yiiksek olmasinin MetS bilgi ve farkinda-
liklarini artirdigy ditistintilmstiir.

MetS’dan korunmanin kronik hastalik siiresi 1 yildan az
olan hastalarin, 11 yil ve {izerinde olanlardan yiiksek oldu-
gu sonucuna ulagildi. Ayni zamanda genel saglik, farkinda-
lik ve toplam MetS bilgi ve farkindalik durumunun kronik
hastalik siiresi 1 yildan az olan hastalarin, 1- 5 yil ve 11 yil
ile tizerinde olanlardan yiiksek oldugu sonucuna ulasil-
di. Literatiirde benzer ¢aligmalara rastlanilmamis olup, bu
sonucun hastalik tanisini yakin zamanda alanlarin hastalik
bilgisini arastirma, bilgiye ulasmada isteklilik ve algilarinin
yiitksek olmasindan kaynaklandig: diistintlmastiir.

Uyum, medikal tedaviyi uygulama, onerilen diyete uyma
veya diger yasam tarzi degisikliklerini yapma gibi klinik
Onerilere uyma duizeyi olarak aciklanabilmektedir (36). Ca-
lismamizda, diizenli ilag kullananlarin ve diyete uyanlarin
MetS ‘tanimlama’ boyutu ile toplam MetS bilgi ve farkinda-
liklarinin diizenli ila¢ kullanmayan ve diyete uymayanlar-
dan yiiksek bulunmustur. Ayni1 zamanda diyete uyanlarin
MetS ‘korunma’ boyutu uymayanlardan yiiksek bulunmus-
tur.

Aragtirma Tirkiye'nin Dogu Karadeniz bolgesindeki iki
ilindeki 6rnekleme dahil edilen ve online olarak erisim
saglanilan hastalar ile sinirhdir. Bundan dolay: elde edilen
sonuglar tiim hasta gruplarina genelleme yapilmaz. Ayni
deki kronik hastalarin 6rnekleme dahil edilmesinden dolay:
da tim tlkeye genelleme yapilamaz. Caligmanin 6rnekle-
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min bityiik bir kisminin yiiksek egitim seviyesine sahiptir.
Sonraki ¢alismalarda daha disiik egitim seviyesine sahip
kronik hastalarda da ¢alismalar yapilmasi onerilir. Verilerin
MSBFO kullanilarak toplanmast ¢aligmanin sinirliligidir.

Calismada kronik hastalarin MetS bilgi ve farkindaliklari-
nin orta diizeyin tizerinde oldugu tespit edildi. MetS bilgi
ve farkindaligini artiran etmenlerin sunlar olduguna ulagil-
mustir; yasin daha geng olmasi, egitim durumunun yiiksek
olmasi, bir iste calistyor olunmasi, kronik hastaliga sahip
olma siiresinin az olmasinin, ilaglarin diizenli sekilde kulla-
nilmasi ve diyete uyulmasidir.

Alam ve arkadaglarinin saglik calisanlar: tizerinde yaptiklar:
¢aligmanin sonucunda doktorlar haricindeki diger saglik ¢a-
lisanlarinin MetS farkindalik diizeylerinin ¢ok disiik oldu-
gu ifade edilmistir (37). Kronik rahatsizlig1 olan hastalarin
takibini yapan, egitimlerini veren hemsirelerin (38) mevcut
risk altinda olan kronik hastalarin MetS bilgi ve farkinda-
liklarini sorgulamalari1 6nem arz etmektedir. Ayni zamanda
hemsireler, hastalarin ihtiyag duydugu bilgileri degerlendi-
rerek hasta gereksinimlerine daha iyi yanit verebilirler (21).
Yagam tarzi degisiklikleri MetS insidansini azaltmak igin
etkili bir strateji oldugundan, hastalar arasinda MetS’in risk
faktorlerine iligkin bilgi diizeyinin artirilmasi, yasam tarzla-
rinin iyilestirilmesine yardimei olabilir (20). Bu ¢aligmanin
sonucu ihtiyag durumunda kronik hastalarin kapsaml egi-
timler almalar1 i¢in de hemsire ve saglik ¢alisanlarina yol
gosterici olabilir.

Tesekkiir

Calismaya katilan hastalara tesekkiir ederiz.
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ABSTRACT

Aim: The aim of this study was to compare the disease activity and functional status of individuals with Ankylosing Spondylitis (AS)
according to body mass index (BMI).

Material and Methods: This study, which was planned as a single-center cohort study, included 437 individuals with AS. Disease
activities were evaluated with the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), and functional levels with the Bath
Ankylosing Spondylitis Functional Index (BASFI). Participants were categorized in 3 groups according to BMI data based on the criteria
of the World Health Organization: normal weight:20-24.9; overweight: 25-29.9; obese:>30. One Way Anova Test, Kruskal Wallis Test,
Mann Whitney U test and Chi-Square Test were used to compare independent group differences. Linear regression models were used
to describe the relationship between BASDAI, BASFI (dependent variables) and BMI categories (independent variables). Univariate
regression analyses were performed (only one independent variable in the model).

Results: Among 437 patients with AS, 30.2% are normal weight, 39.5% are overweight and 30.2% are obese. Analysis results of data
between BMI groups; significant difference was in BASFI (p=0.001) in favor of the obese group. In binary group comparisons for BASFI;
there was a significant difference in favor of the obese group between normal and obese (p=0.002) and between overweight and obese
(p=0.001). Obese was significantly associated with higher BASFI score compared to the normal weight group without adjustment for
covariates (p:-0.37, 95%CI -0.66/-0.08, p=0.006). On the other hand, there was no association between BASDAI and obesity (p:-0.50,
95%CI -1.11/ 1.22, p:0.130).

Conclusion: The BMI of Turkish AS individuals in a single center cohort had no effect on disease activity, but obesity had a worse effect
on functional level.

Keywords: Ankylosing spondylitis, Body mass index, Overweight, Disease

Ankilozan Spondilitli Bireylerde Obezitenin Etkisi:
Tek Merkezli Kohort Calismasi

oz
Amag: Bu ¢alismanin amaci Ankilozan Spondilitli (AS) bireylerin hastalik aktivitesini ve fonksiyonel durumlarin: viicut kiitle indeksine
(VKI) gore kargilagtirmaktir.
Gereg ve Yontemler: Tek merkezli kohort ¢aligmasi olarak planlanan bu ¢aligmaya, AS tanili 437 birey dahil edildi. Hastalik aktiviteleri
Bath Ankilozan Spondilit Hastalik Aktivite indeksi (BASDAI), fonksiyonel diizeyleri ise Bath Ankilozan Spondilit Fonksiyonel Indeksi
(BASFI) ile degerlendirildi. Katilimcilar, Diinya Saglik Orgiitii'niin kriterlerine dayanarak VKI verilerine gére 3 gruba ayrildi: normal
agirlik:20-24,9; fazla kilolu: 25-29,9; obez:230. Bagimsiz grup farkhiliklarinin kargilagtirilmasinda One Way Anova Testi, Kruskal
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Wallis Testi, Mann Whitney U testi ve Ki-Kare Testi kullanildi. BASDAI, BASFI (bagimli degiskenler) ve VKI kategorileri (bagimsiz
degiskenler) arasindaki iligkiyi tanimlamak i¢in dogrusal regresyon modelleri kullanildi. Tek degiskenli regresyon analizleri yapildi
(modelde yalnizca bir bagimsiz degisken).

Bulgular: AS'li 437 hastanin % 30.2’i normal agirlikta, %39,5' fazla kilolu, %30,2'i ise obezdir.

UKI gruplari arasindaki verilerin analiz sonuglarinda; BASFI'de (p=0,001) obez grup lehine anlamli fark vardi. BASFI igin ikili grup
karsilastirmalarinda; normal ile obez (p=0,002) ve fazla kilolu ile obez (p=0,001) arasinda obez grup lehine anlamli fark vardi. Ortak
degiskenler i¢in diizeltme yapilmadan normal agirlikli grupla karsilastirildiklarinda, obezite daha yiiksek BASFI skoru ile anlamli
diizeyde iligkiliydi (B:-0,37, %95CI -0,66/-0,08, p=0,006). Ote yandan, BASDAI ile obezite arasinda herhangi bir iligki yoktu (B:-0,50,
95%CI -1,11/ 1,22, p:0,130).

Sonug: Tek merkezli bir kohorttaki, Tiirk AS'li bireylerin VKI'nin hastalik aktivitesi iizerine etkisi yoktu, ancak obezite fonksiyonel

diizey {izerinde daha kétii bir etkiye sahip idi.

Anahtar Sozciikler: Ankilozan spondilit, Viicut kiitle indeksi, Fazla kilo, Hastalik

INTRODUCTION

Cardiovascular (CV) problems are among the most impor-
tant and notable causes of death in the world. Many studies
have emphasized that CV events and mortality are increased
in individuals with Ankylosing Spondylitis (AS). One of the
traditional cardiovascular risk factors is obesity (1-3). Glob-
ally, obesity has been on the rise since 1980. This increase is
more than doubled. Obesity is an abnormally high amount
of fat in the body. The World Health Organization defines
it this way (4).

The most commonly used measure for estimating body fat
percentage is Body Mass Index (BMI). World Health Or-
ganisation (WHO) also recommends BMI as the most use-
ful population level measure of overweight and obesity (5,6).
BMI is a recently widely used metric calculated with height
and weight data, which are anthropometric characteristics
in the adult population and both sexes. It is possible to cat-
egorize these data into groups. BMI equal to or greater than
25 is called overweight, and BMI equal to or greater than 30
is called obese (4).

Obesity is actually among the modifiable cardiovascular risk
factors. Although there is a lot of information in the litera-
ture about its importance, there are not enough studies that
can clarify whether there is a difference in clinical outcomes
in overweight and obese AS patients with high BMI com-
pared to normal weight patients. A recent systematic review
and meta-analysis reported that more studies are needed to
elucidate whether the increase in BMI generally contributes
to disease activity in axial spondyloarthritis (7).

This study was planned to compare the activity and func-
tional status of individuals with AS categorized according
to BMI data.

Turk ] Diab Obes 2024; 1: 43-50

MATERIALS and METHODS
Study Design

This study was planned as a single center cohort study. Be-
tween November 2021 and February 2022, patients who ap-
plied to the Pamukkale University Rheumatology clinic and
the registered patients who were contacted by phone and
agreed to participate in the study constituted the sample of
the study. Pamukkale University is a centre in Turkey. Pa-
tients were given appointments and evaluated.

Participants

437 patients with AS diagnosed by a rheumatologist includ-
ed.

Inclusion criteria: (a) being diagnosed with AS according to
the modified New York criteria. (b) volunteer to participate.
(c) be in the age range of 18-65 years. Exclusion criteria: (a)
neurological, cardiopulmonary, and/or orthopedic disease
(b) cognitive disability that is unable to cooperate. (c) being
pregnant. (d) presence of other autoimmune or inflamma-
tory disease. (e) central nervous system diseases (f) serious
psychiatric conditions (g) any surgical operation in the last
six months. (h) BMI <20.

According to the Helsinki Declaration of 1975, as revised
in 1983, it was determined at the meeting held by the local
ethical committee that there was no ethical problem for the
study to be carried out (decision no: 21, dated: 11.30.2021).
All patients were informed verbally and informed consent
forms were signed.

Evaluations

After the demographic information was recorded, disease
activities were evaluated with the Bath Ankylosing Spondy-
litis Disease Activity Index, and functional levels with the
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Bath Ankylosing Spondylitis Functional Index. Participants
were categorized in 3 groups according to BMI data based
on the criteria of the World Health Organization: normal
weight:20-24.9; overweight: 25-29.9; obese:>30 (4). Evalua-
tions were carried out in approximately 25 minutes.

Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI): With this index, the disease activity level can
be easily evaluated with 6 questions (weakness/fatigue level,
spine pain level, the level of pain in the joints other than the
spine, sensitivity level, morning stiffness duration, morning
stiffness severity). It was proven to be valid and reliable with
its sensitivity and reproducibility features. The total score
of BASDAI was calculated by the sum of questions 1-4 plus
mean of questions 5 and 6, the total then divided by 5. The
total score ranges from 0 to 10, higher values indicate more
active disease (8).

Bath Ankylosing Spondylitis Functional Index (BASFI):
The level of being able to perform the activities that are fre-
quently done in daily life is determined with 10 questions.
The patient thinks about the past week and answers the
questions. For each question, patients mark on the 10 cm
Visual Analog Scale (VAS) how difficult they are while do-
ing the activity (O=easy, 10=impossible). A total score is cal-
culated by averaging the score obtained from 10 questions
(from 0 to 10) (9).

Statistical Analysis

The data were analyzed using IBM Statistical Package for
the Social Sciences (SPSS) Statistics vn.22 software. The
Kolmogorov-Smirnov test was performed to ensure that

the data conformed to the normal distribution. Categorical
descriptive data were written as numbers and percentage,
while continuous descriptive data were written as mean+SD
or median (minimum-maximum) according to fit for nor-
mal distribution. One Way Anova Test, Kruskal Wallis Test,
Mann Whitney U test and Chi-Square Test were used to
compare independent group differences. Linear regression
models were used to describe the relationship between BAS-
DAL, BASFI (dependent variables) and BMI categories (in-
dependent variables). Univariate regression analyses were
performed (only one independent variable in the model).
Statistical significance value was p<0.05.

RESULTS
Participant Flow

The study was first started with 508 patients with AS.
Twelve patients with AS did not want to participate in the
study. Fifty seven patients with AS had other autoimmune
or inflammatory disease. Two patients with AS had surgical
operation in the last six months. Consequently, the study
was completed with a total of 437 patients with AS (247 fe-
male, 190 male) with a mean age of 42.4+10.8 years. The
flow chart of the study is shown in Figure 1.

Recruitment

The dates determining the recruitment periods were No-
vember 2021- February 2022.

Baseline Data

The demographic data of the participants are shown in Ta-
ble 1.

[ Enrollment J Assessed for eligibility (n=508)

Six

Excluded (n=71)
"| ¢ Not meeting inclusion criteria (n=59)
(n=2 surgical operation in the last

autoimmune or
disease)
+ Declined to participate (n=12)

n=57 other
inflammatory

months 6,

v

Analysed (n=437)

+ Excluded from analysis (give reasons) (n=0)

Figure 1: The flow chart of the study.
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Table 1: The demographic data of the participants
Ankylosing Spondylitis (n=456)
Variables, n(%) Normal Weight Overweight Obese
<25kg/m* (n=132)  25<n<30kg/m? (n=173) >30kg/m?(n=132) P
BMI 132 (30.2) 173 (39.5) 132 (30.2)
Female 66 (50) 88 (50.9) 93 (70.5)
Gender 0.001*
Male 66 (50) 85(49.1) 39 (29.5)
Yes 72 (61) 95 (62.5) 51 (39.8)
Employed 0.001*
No 46 (39) 57 (37.5) 77 (60.2)
Yes 33 (32.7) 72 (51.8) 44 (37.9)
Family history for rheumatic diseases 0.007*
No 68 (67.3) 67 (48.2) 72 (62.1)
Yes 35(31) 55 (37.7) 24 (20.2)
Smoker 0.008*
No 78 (69) 91 (62.3) 95 (79.8)
. o _ Yes 11 (11) 19 (14.7) 28(27.2)
History of chronic respiratory disease 0.006*
No 89 (89) 110 (85.3) 75 (72.8)
Yes 28 (29.5) 29 (24.4) 20 (20.6)
Physical exercise habits 0.361*
No 67 (70.5) 90 (75.6) 77 (79.4)
Mean + SD Mean + SD Mean + SD
Age (years) 37.6x11.2 42.7%10.1 46.7£9.4 0.001**
Median (Min/Max) Median (Min/Max) Median (Min/Max)
Duration of the disease (years) 6 (0/40) 6 (0/32) 6 (0/33) 0.540**
Years of education 8 (1/21) 8 (1/16) 5(2/18) 0.141**
Back stiffness in the morning (minutes) 20 (0/240) 15 (0/240) 15 (0/240) 0.363**

*Chi-Square Test, **Kruskal-Wallis Test, *** One Way Anova Test

Table 2: Analysis results of outcome measures data between BMI
groups

BASFI (n=437) BASDAI
(n=437)
Median (min/max) Mean+SD

Normal Weight (n=132) 2.2(0/10.8) 4.1+£2.0

Overweight (n=173) 2.6(0/9) 42422

Obese (n=132) 3.8(0/18.7) 4.6+2.0

Normal-overweight-obese, p 0.001% 0.104***
Normal-overweight, p 0.939**
Normal-obese, p 0.002**
Overweight-obese, p 0.001**

BASDALI: Bath Ankylosing Spondylitis Disease Activity Index, BASFI:
Bath Ankylosing Spondylitis Functional Index, *Kruskal-Wallis Test,**
Mann Whitney U Test,*** One Way Anova Test

Compared with the normal and overweight groups, the
obese group had the highest proportion with female (nor-
mal=50%, obese=70.5%; p=0.001);
had the lowest proportion with employed (normal=61%,

overweight=50.9%,
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overweight=62.5%, obese=39.8%; p=0.001); had the great-
est percentage with history of chronic respiratory disease
(normal=11%, overweight=14.7%, obese=27.2%; p:0.006);
was older (normal=37.6+11.2 years, overweight=42.7+10.1
years, obese=46.7+9.4 years; p=0.001). Compared with the
normal and obese groups, the overweight group had the
highest proportion with family history for rheumatic dis-
eases (normal=32.7%, overweight=51.8%, obese=37.9%;
p=0.007) and with smoker (normal=31%, overweight=37.7%,
obese=20.2%; p=0.008). Although there is no difference be-
tween the three groups in terms of physical exercise habits,
it is seen that the percentages of “no” answers to physical
exercise habits are high in all three groups (Table 1).

Outcome Measures

Analysis results of data between BMI groups; significant dif-
ference was in BASFI (p=0.001) in favor of the obese group.
In binary group comparisons for BASFI; there was a signif-
icant difference in favor of the obese group between normal
and obese (p=0.002) and between overweight and obese
(p=0.001) (Table 2).



Obesity in Ankylosing Spondylitis

Table 3: Univariate analysis of association between outcome measures variables and BMI groups

Dependent variable Predicting variable Univariate analysis,  (95%CI) p value
Overweight" -0.06(-0.64/0.51) 0.960
BASDAI
Obese" -0.50(-1.11/0.10) 0.130
Overweight" 0.04(-0.22/0.31) 0.915
BASFI
Obese" -0.37(-0.66/-0.08) 0.006

BASDALI: Bath Ankylosing Spondylitis Disease Activity Index, BASFI: Bath Ankylosing Spondylitis Functional Index, "Reference group: Normal

weight

Univariate Analysis

In Table 3, obese was significantly associated with higher
BASFI score (p -0.37, 95% CI -0.66, -0.08) compared to the
normal weight group without adjustment for covariates.

DISCUSSION

In this study, the effect of BMI on disease activity and func-
tional level was investigated in a cohort of Turkish AS indi-
viduals who received treatment from a center in Turkey. As
a result, while 39.5% of the cohort was overweight, 30.2%
were obese, and BMI had no effect on disease activity, it was
determined that the functional level was worse in the obese
group.

Obesity, which has become epidemic today, is a big prob-
lem in the field of health: Due to the increase in body fat, it
creates many problems for general health, seriously reduces
the quality of life and prevents the prolongation of life ex-
pectancy. The high prevalence of obesity in AS is of par-
ticular concern in this group, which is largely attributed to
accelerated cardiovascular risk (10,11). BMI is considered a
good predictor of body fat. It can be easily measured and is
a good indicator for estimating disease risk (12).

The results of studies examining the relationship between
BMI and patient-reported outcomes in an AS population
in one country may not be valid for populations of another
country (13). Since most of the findings in the literature on
the relationship between AS and BMI were obtained as a
result of studies carried out in Europe, the generalizabili-
ty of these data belonging to a limited geographical area is
limited (7).

In the literature, there are different results regarding the re-
lationship between patient-reported outcomes and obesity
in patients with AS categorized according to BMI. Despite
the studies conducted, it is still unclear whether high BMI is
associated with higher disease activity in axial spondyloar
thritis (axSpA), further studies are needed in this regard (7).

Lee et al. stated that 32% of 194 axSpA in an urban Asian
population were overweight while 22% were obese. They

concluded that while obesity was associated with pain, BAS-
DAI, BASFI, Health Assessment Questionnaire, and Short
Form-36 were not, and that future studies examining the
causal relationship between obesity and patient-reported
outcomes are needed (13).In a study by Durcan et al., 67.5%
of 46 patients in AS Ireland Population were overweight or
obese. There was a statistical difference in BASFI and BAS-
DALI between normal and overweight AS patients (14). In
the study of Berg et al. with 159 AS patients in the norway
population, they reported in the regression analysis that the
BMI-high group had higher Ankylosing Spondylitis Dis-
ease Activity Score (ASDAS) and BASDALI, increased cardi-
ovascular disease risk factors and increased carotid intima
media thickness than the BMI-low group. Therefore, they
stated that obesity may be a factor for increased disease ac-
tivity and increased cardiovascular disease risk (15).

In the study of Maas et al. with 461 patients axSpA in Neth-
erlands, overweight and obese were 37% and 22%, respec-
tively. Compared to the general population, obesity was
more common in people with axSpA. In axSpA, when com-
pared to overweight and normal weight patients, the clinical
picture (disease activity, quality of life and physical func-
tion) of obese patients was much worse and their symp-
toms lasted much longer with more comorbidities (16). In
a study conducted in Ireland with 683 axSpA patients; un-
derweight, normal, overweight, obese were 1.1; 31.6; 38.9;
28.4%, respectively. Total overweight or obese were 67.3%
with longer disease duration and more comorbidities than
normal weight patients. Obese patients have significantly
worse the clinical picture (disease activity, spine mobili-
ty, quality of life and physical function) than normal and
overweight. Higher BMI and obesity independently predict
worse disease course. Strategies should be implemented to
control BMI and reduce it to normal levels in axSpA (17).
In a study conducted with 509 Norwegian patients, normal/
underweight and overweight/obese were 35% and 65%, re-
spectively. The conclusion was emphasized that BMI should
be considered in the treatment of Norwegian overweight/
obese axSpA patients due to the higher number of disease
activity, spinal stiffness and comorbidities (18).
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In a systematic review and meta-analysis by Jean et al, it was
stated that as the BMI increases, the disease activity increas-
es due to the increase in the amount of fat in the body and
this makes it difficult for patients to cope with the disease
(7). In a study of Vargas et al. with 683 patients in euro-
pean (multicenter) population; 26.4% were overweight and
13.3% obese. The authors stated that ASDAS and BMI are
not related in axSpA patients based on the data. It is unnec-
essary to consider BMI in treatment (19).

To authors’ knowledge; there is only one study investigating
the effect of BMI on patients with AS in the Turkish pop-
ulation. In this study, in which 28 patients with pre-obese
AS (BMI in range of 25 to 30) were evaluated, a relationship
was determined between BMI and BASDAI and BASFI. It
has been reported that increased BMI in patients with AS is
a factor affecting clinical picture (quality of life, functional
capacity and disease activity) (20).

According to the results of this study, 39.5% of AS patients
were overweight, 30.2% were obese. In this study, the BASFI
scores of the obese AS patients were worse, but there was
no statistical difference between the groups for BASDAL
When the authors’ of the present study look at the above
studies reporting that there is a relationship between dis-
ease activity and obesity, the disease duration is longer than
in the present study population and this finding may affect
this relationship. Additionally, the mean age in these stud-
ies is also higher. In the present study, the authors attribute
BMI had no effect on disease activity to lower disease du-
ration and lower mean age. More than that, the obese AS
group of the present study was more females. van der Slik
et al. reported that female experienced significantly worse
physical function and quality of life, whereas male showed
significantly more kyphosis and spinal radiographic dam-
age (21). Falkenbach et al. emphasized that there is a signif-
icant difference in the BASFI score between younger and
older patients with AS. Older patients with AS had worse
scores (22). In addition, many studies in the literature were
stated that obese AS patients were older compared with the
normal and overweight groups (7,13,16). The reason for the
significant difference in BASFI and no difference in BAS-
DAI was thought to be gender, disease activity and age dis-
tribution. For this reason, the authors of the present study
recommend the evaluation of obesity, especially in female,
older and longer disease duration patients with AS. How-
ever, there are many factors that will affect disease activity,
such as cytokine level, age of onset of the disease, pain lev-
el and inflammatory markers in the blood, so the effect of
these factors can be examined together in future studies.
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Physical activity improves spinal mobility, physical func-
tionality, the general condition of the patient and reduces
pain; therefore recommended in AS but poorly performed
(23). One of the reasons for low activity level may be pain.
Low activity level can lead to obesity. Obesity increases the
weight on the joints (24). Obese people feel more pain be-
cause excess body mass causes mechanical stress and an in-
crease in proinflammatory cytokines (25). Pain is one of the
most important factors leading to an inactive life and can
pull the person into an endless cycle (26). This makes the
disease worse. In the present study cohort, exercise habits
are at low levels in all three groups categorized according
to BMI. The authors of the present study thought that the
obese AS patients in the cohort are in this vicious circle and
therefore worse functional level scores were observed in the
obese group.

In AS patients, exercise has a very important place in the
management of the disease, disease-specific variables (bet-
ter spinal mobility, maintenance of functional capacity and
reduced pain and stiffness) and in controlling the risks
(14,27,28). For this reason, the authors of the present study
believe that exercise therapy, which will provide weight loss,
especially in obese AS patients, will contribute to increasing
the well-being of the disease.

One of the limitations of the present study is that it does not
allow us to make inferences about the causal relationship
between patient-reported outcomes and obesity due to its
cross-sectional design. Future prospective studies are need-
ed to determine this causal relationship.

The strength of the present study is the prevalence of over-
weight and obesity has been evaluated for the first time in
a large cohort of AS patients from the Turkish population.

As a result of this study, clinicians, researchers and patients
should take into account the possible beneficial effects of
weight within the normal range for better management as
functional limitation is observed to be more in obese Turk-
ish patients with AS.
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ABSTRACT

Aim: Eating behaviors affect young children with type 1 diabetes mellitus (TIDM). The aim is to identify eating behaviors, and
nutritional status in young children with TIDM and healthy peers and evaluate the effect of eating behaviors on glycemic control in
children with TIDM.

Material and Methods: The study was a single-center controlled cross-sectional study of young children with T1IDM (n=33) (age<7
years) and healthy peers (n=31).The eating behaviors of the young children were examined through the Behavioral Pediatric Feeding
Assessment Scale and the food consumption status was evaluated using a 3-day food record. Glycosilated hemoglobin (Hemoglobin
Alc) values of the young children with T1IDM were obtained from hospital records, and analyzed.

Results: Young children with T1DM have higher energy, fiber, and cholesterol intake than their healthy peers. (p<0.05). The young
children with T1DM eat more healthily and have fewer behavioral eating disorders than their healthy peers. Parents of children with
T1DM reported feeling worse about the child’s nutrition. No relationship was found between eating behaviors and glycemic control.

Conclusion: Because parents of preschool children with type 1 diabetes feel more anxiety about their child’s disease, behavioral
observation techniques should be used to examine their eating behavior, glycemic control, and other factors that may affect nutritional
management.

Keywords: Nutrition, Behavioral pediatric feeding assessment scale, Young children, Type-1 diabetes, Eating behaviors

Tip 1 Diyabetli Kiiciik Cocuklarin ve Saglikli Akranlarinin Beslenme Durumlari
ve Yeme Davranislarinin Degerlendirilmesi: Kontrollii Kesitsel Arastirma

oz
Amag: Yeme davranislar: Tip 1 Diabetes Mellituslu (T1IDM) ¢ocuklar: etkilemektedir. Ama¢ T1DM'li kiigiik ¢ocuklarda ve saglikli

akranlarinda yeme davraniglarini ve beslenme durumunu belirlemek ve TIDM'li ¢ocuklarda yeme davranislarinin glisemik kontrol
tizerindeki etkisini degerlendirmektir.

Gereg ve Yontemler: Bu aragtirma, TIDM'li kiigiik gocuklar (n=33) (yas <7 yil) ve saglikli akranlar1 (n=31) tizerinde yapilan tek
merkezli, kontrollii, kesitsel bir ¢alismaydi. Kii¢lik gocuklarin yeme davraniglari Davranigsal Pediatrik Beslenme Degerlendirme
Olgegi ile incelendi ve 3-giinliik besin titketim kayd: kullanilarak besin tiiketim durumlari degerlendirildi. TIDM!li kiigiik cocuklarin
glikozillenmis hemoglobin (Hemoglobin Alc) degerleri hastane kayitlarindan elde edildi ve analiz edildi.

Bulgular: T1IDMli kii¢iik ¢ocuklarin saglikli akranlarina gore enerji, posa ve kolesterol alimlar: daha ytiksektir(p<0,05). T1IDM’li kii¢iik
¢ocuklar, saglikli akranlarina gore daha saglikli beslenmis ve daha az davranigsal yeme bozuklugu yasamislardir. TIDM'li ¢ocuklarin

ORCID: Seda Onal / 0000-0002-8074-5584, Asli Ugar / 0000-0001-9724-9571, Zeynep Siklar / 0000-0003-0921-2694, Merih Berberoglu / 0000-0003-3102-0242

Correspondence Address / Yazisma Adresi: DOI: 10.25048/tudod.1455685
Seda ONAL Received / Gelis tarihi ~ :19.03.2024
Firat University, Faculty of Health Sciences, Department of Nutrition and Dietetics, Elazig, Turkey Revision / Revizyon tarihi : 13.04.2024

Phone: +90 (553) 987 26 58 « E-mail: sedaonal89_90@hotmail.com Accepted / Kabul tarihi  :14.04.2024

This work is licensed by “Creative Commons
BY _NC Attribution-NonCommercial-4.0 International (CC)”. 5 1


https://orcid.org/0000-0002-8074-5584
https://orcid.org/0000-0001-9724-9571
https://orcid.org/0000-0003-0921-2694
https://orcid.org/0000-0003-3102-0242

Onal S et al.

ebeveynleri, ¢ocuklarinin beslenmesi konusunda kendilerini daha kétii hissettiklerini bildirdi. Yeme davranisi ile glisemik kontrol

arasinda bir iligki bulunamada.

Sonug: TIDM’li okul 6ncesi gocuklarin ebeveynleri, ocuklarinin hastaligiyla ilgili daha fazla kaygi duyduklarindan, yeme davranislarini,
glisemik kontrollerini ve beslenme yonetimini etkileyebilecek diger faktorleriincelemek i¢in davranigsal gozlem teknikleri kullanilmalidir.

Anahtar Sozciikler: Beslenme, Davranissal pediatrik besleme degerlendirme olgegi, Kiigiik cocuklar, Tip-1 diyabet, Yeme davranislar:

INTRODUCTION

Type 1 diabetes mellitus (TIDM) is a disorder arising due to
autoimmune destruction of insulin-producing pancreatic
beta-cells that usually leads to absolute insulin deficiency
(1,2). Its cause is not completely known, in light of current
information, it is not classified as a preventable disease
(3). Tt is estimated that about 5.0% of people with diabetes
have TIDM (4). According to the International Diabetes
Federation (IDF) Diabetes Atlas data, there are 1.2 million
children and adolescents with T1IDM between the ages of 0
and 19 in the world (2).

Insulin therapy carried out in conjunction with an
appropriate diet plan plays a pivotal role in normal
growth and development, adequate pubertal development,
and normal physical activity, including regular and
extracurricular activities in school, for patients with TIDM
(5). However, it has been reported that the parents of young
children (age<7 years) with TIDM experience problems
with their child’s nutrition, and that these problems are
related to the eating habits and mealtime behaviors of the
children(6). It is also known that problematic mealtime
interactions and mealtime problems such as maladaptive
behaviors are common in young children. These problems
affect young children with TIDM(7). In various studies, it
has been observed that children with T1IDM exhibit more
problematic behaviors at mealtimes than their healthy peers
(6,8,9).

Difficulties in mealtime management can directly affect
glycemic control in children with T1DM. Problematic
mealtime behaviors of children and parents may affect food
intake and may be associated with suboptimal glycemic
control (7). While studies have shown that there is a
relationship between glycemic control and eating behavior
in young children with TIDM (9,10), in one study the
mealtime behaviors of parents were not related to glycemic
control (6).

The fact that mealtime behaviors play a significant role in
the overall management of TIDM (11) expedited studies
to be carried out in order to determine the issues that
parents have difficulty with when managing their children’s
mealtimes.
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Studies on issues experienced by the parents of young
children with TIDM during mealtimes are limited in
number. The aim of the present study was to compare the
nutritional status and mealtime eating behaviors of young
children (age <7 years) with TIDM and healthy peers and to
evaluate the effect of eating behaviors on glycemic control
in young children with TIDM.

MATERIALS and METHODS
Design and Recruitment

This cross-sectional study was conducted in Ankara,
between February 2021 and January 2022, with 33 young
children diagnosed with TIDM and 31 healthy peers
without a history of chronic illnesses in Cebeci Children’s
Hospital, Faculty of Medicine, Ankara University and their
parents/caregivers. The study was approved by the Ethics
Committee of the Rectorate of Ankara University with
decision number 56786525-050.04.04/7012.

Inclusion/exclusion criteria for the study were as follows:
confirmed diagnosis of type 1 diabetes of =12 months
duration; no other disease/comorbidities (such as celiac
disease or cystic fibrosis etc.) or medication known to
affect growth; child aged <7 years; family speaks Turkish
as the a primary language; and child had attended a clinic
visit within the last 12 months. Healthy peers were selected
for inclusion in the study based on the following matching
criteria: sex, age, and socioeconomic status.

In order to determine the sample size of the study, a
priori G*Power analysis was performed. In this context,
calculations regarding two similar studies (8,9) were made
and the effect sizes of those studies were found to be 0.449-
0.871. It was planned to include at least 31 individuals from
each group in the study in order to conduct the study with
80% power (:0.05).

Data Collection

Informed consent was obtained from parents of all children
included in this study. Interviewers collected study data via
a questionnaire (face-to-face interviews) with all parents.
The questionnaire was composed of questions on general
information (age, gender, main and snacks meals, physical
activity, screen time, disease-specific questions for children
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with type 1 diabetes) about the children, and the Behavioral
Pediatrics Feeding Assessment Scale (BPFAS), assessing
the children’s eating behavior. AHemoglobin Alc (HbAlc)
that was done 3 months ago was used in the study in order
to determine glycemic control in children with TIDM.

Behavioral Pediatrics Feeding Assessment Scale

The original version of BPFAS was developed by Crist and
Napier-Phillips to be used for determining eating behaviors
in children (12). The scale was adapted to Turkish by Onal
et al. (13). The scale consists of 35 items. While 25 of these
items assess the eating behaviors of children, 10 items
assess the feelings and behaviors of parents regarding the
child’s nutrition. The items in the scale are scored 1 to 5
(I:never, 2:rarely, 3:sometimes, 4:often, 5:always). The scale
consists of four subscales: child score, parent score, child
problem score, and parent problem score. Increases in
scores obtained from each subscale indicate an increase in
the level of problematic eating behavior and eating habits
(14). Permission was obtained from the researchers to use
the scale.

Determination of Energy Intake and Nutritional Status

In order to determine the nutritional status of the young
children, parents were asked to record their young children’s
daily consumption for 3 days within the same week, whether
consecutive or nonconsecutive, in the 3-day food record (3-
DFR). Before parents were asked to record the 3-DFR, all
parents attended a brief session with the same dietician to
demonstrate how to estimate food intake using household
utensils and record the 3-DFR appropriately. The energy
and nutrient values of the foods were analyzed using the
student version of the computer-aided nutrition program
(Nutrition Information System) (BEBIS).

Anthropometric Measurements and Evaluations

The body weights and heights of the children were measured
in accordance with the method accepted by the World
Health Organization (WHO) (15).

Body mass index (BMI) of the children was calculated using
body weight and height, and BMI percentile values were
evaluated based on the age of the children. Children with
a BMI percentile of 3.-15. were regarded as underweight,
those with a BMI percentile of 15.-85. were regarded as
normal, and those with a BMI percentile of 85.-97. were
regarded as overweight. The program WHO Anthro Plus
was used to calculate percentile values (16).

Data Analysis

The data obtained from the study were analyzed with SPSS
(version 22.0). In the selection of the analyses, the conformity

of the data to the normal distribution was evaluated by
visual (histogram) and analytical (Kolmogorov-Smirnov
test) methods. The mean values of two groups with normal
distribution were compared using Student’s t-test, while the
mean values of two groups with nonnormal distribution
were compared using the Mann-Whitney U test. Values
were expressed as the mean (X), median, Q,-Q,, standard
deviation (SD), and min-max. The strength and direction of
the relationship between two continuous variables, of which
at least one was not normally distributed, was determined
by Spearman’s correlation test. A confidence interval of
95.0% was accepted for all statistical tests.

RESULTS

Forty-six mothers and 18 fathers participated in the study.
While 57.6% of the fathers of the children with T1IDM and
54.9% of the fathers of the healthy children were university
graduates, 33.4% of the mothers of the children with TIDM
and 38.7% of the mothers of the healthy children were
university graduates. A total of 64 young children including
33 children with T1IDM and 31 healthy peers, participated
in the study.

When age-based BMI values were examined, it was seen
that most of the young children had normal body weights.
All the children with TIDM and 80.6% of the healthy peers
were consuming 3 main meals. In addition, more than
half of the young children were consuming 3 snack meals.
General information about the young children is presented
in Table 1.

The average energy and nutrient intake values of the
children participating in the study are presented in
Table 2. The energy (1383.13+£352.62 kcal), carbohydrate
(149.07+43.20 g), protein (57.09+£13.37 g), fiber (14.96+6.26
g), and cholesterol (278.76+82.98 mg) intake of the children
with T1IDM was higher than that of the healthy children
(p<0.05), while the median value of saturated fat they
consumed [14.94g (14.28-17.34g)] was lower (p>0.05). The
average daily amount of water consumed by the children
with diabetes participating in the study was 766.66+301.98
ml, while the average amount consumed by the healthy
children was 1083.87+331.75 ml (p<0.05).

The average BPFAS scores of the young children and
parents are presented in Table 3. All scores of the parents of
the young children with TIDM were lower than those of the
parents in the other group, while the numbers of problems
they had (regarding children’s behavioral disorders as
problems, regarding parental feelings and behaviors as
problems) were higher. But obtained scores and numbers of
problems did not show a significant difference between the
healthy peers and the young children with TIDM (p>0.05).
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Table 1: General information regarding the children.

Onal S et al.

General Informations *

T1DM (n=33)  Healthy (n=31)

Gender*

Female (n=33) 16 (48.5) 17 (54.8)

Male (n=31) 17 (51.5) 14 (45.2)
Age (year +SD) 4.24+1.27 4.52+1.43
Age-based BMI percentile classification*

Underweight (n=6) 6(18.1) -

Normal (n=42) 20 (60.7) 22 (71.0)

Slightly Overweight (n=16) 7 (21.2) 9(29.0)
Number of main meals*

2-meals (n=6) - 6(19.4)

3-meals (n=58) 33 (100.0) 25 (80.6)
Number of snack meals*

1-snack (n=5) - 5(16.1)

2-snacks (n=19) 9(27.3) 10 (32.3)

3-snacks (n=40) 24 (72.7) 16 (51.6)
Regular Physical Activity*

Yes (n=8) 1(3.0) 7 (22.6)
No (n=56) 32 (97.0) 24 (77.4)
Time spent on Television/Tablet/Phone (hours, Median, Q,-Q,) 3.0 (2.0-4.0) 2.0 (1.5-3.0)

Insulin Type Used*

Rapid-acting/Long-acting 33 (100.0) -
Carbohydrate counting literacy

Yes (n=29) 29 (87.9) -

No (n=35) 4(12.1) 31 (100.0)
HbA1lc (%, Median, QI—Q3) 8.4(7.7-9.7) -
T1DM diagnosis time (month, Median, Q -Q,) 12.0 (12.0-18.0) -

*Data are presented as n (%)

Table 2: Children’s energy and macronutrient intake.
Energy and Macronutrient Intakes * T1DM (n=33) Healthy (n=31) P
Energy (kcal)® 1383.13+£352.62 (537.80-2110.06) 1156.56+345.92 (464.91-1733.13) 0.012"
CHO (%)® 45.00 (41.00-47.00) 44.00 (41.00-47.00) 0.787
Protein (%)°® 17.00 (15.00-18.00) 17.00 (15.00-18.00) 0.582
Fat (%)° 38.00 (36.00-41.00) 40.00 (37.00-43.00) 0.332
Fiber (g)* 14.96+6.26 (2.08-28.87) 9.89+3.34 (3.30-15.19) <0.001"
Saturated fat (%) 14.94 (14.28-17.34) 17.17 (15.40-18.36) 0.057
Monounsaturated fatty acid (g)* 19.65+6.33 (7.60-39.04) 16.73+5.67 (5.66-25.86) 0.057
Polyunsaturated fatty acid (PUFA) (g)* 12.47+4.72 (2.73-21.82) 9.71+4.45 (3.50-20.93) 0.020™

*Student’s t-test, "Mann-Whitney U test, **Data are presented as mean+SD (Minimum-Maximum), **Data are presented as Median (Q,-Q,), **p<0.05
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Table 3: BPFAS scores of the children and the number of eating problems.

Scores* T1DM Healthy p** t Cronbach alfa
Child score 57.69+11.67 (37.0-84.0) 60.90+12.06 (39.0-91.0) 0.284 -1.080 0.704
Child problem score 6.54+4.40 (0.0-17.0) 5.93+2.76 (1.0-11.0) 0.508 0.667 0.759
Parent score 24.69+6.87 (16.0-38.0) 27.38+7.58 (16.0-47.0) 0.142 -1.488 0.707
Parent problem score 3.24+2.10 (0.0-8.0) 2.93+2.37 (0.0-7.0) 0.586 0.547 0.676
Total score 82.39+16.52 (53.0-118.0) 88.29+17.69 (57.0-130.0) 0.173 -1.378 0.800
Total problem score 9.78+5.73 (0.0-21.0) 8.87+4.80 (1.0-16.0) 0.492 0.691 0.749
*Data are presented as mean+SD (Minimum-Maximum). **Student’s t-test
Table 4: Correlations of HbAlc and BPFAS.
HbAlc Parent score Parent problem score  Child score  Child problem score
rho 0.101 0.150 -0.011 0.136
HbAle p (0.576) (0.404) (0.952) (0.451)
Parent score rho 0.781* 0.547* 0.602*
P (<0.001) (0.001) (<0.001)
Parent problem score tho 0.465% 0.536*
P P (0.006) (0.001)
. rho 0.792*
Child score b (<0.001)
Child problem score

Spearman’scorrelation test, *p<0.01

The correlation between the HbAlc values and BPFAS
scores (their relationship with each other) of the young
children with TIDM is presented in Table 4. Parents’
feelings and behaviors about their children’s nutrition
(parent score), parent problem score in the BPFAS, child
score, and child problem score were positively related
(p<0.05). The negative feelings and behaviors of the parents
about their children’s nutrition increased as the children’s
behavioral disorders at mealtimes and the rate at which
parents regard these disorders as problems increased.

A significant correlation was found between parent
problem score, child score, and child problem score and
between child score and child problem score (p<0.05). As
the children’s behavioral disorders at mealtimes increased,
the rate at which parents regarded their own feelings
and behaviors and their child’s behavioral disorders at
mealtimes as problems also increased.

However, the correlation between the glycemic control
marker HbA1lc and total BPFAS scores of the children with
T1DM was not statistically significant (p>0.05).

DISCUSSION

The present study highlighted difficulties (mealtime
behaviors, etc.) and impediments related to nutrition
in children, which are experienced by parents of both

young children with TIDM and healthy peers. It is a
comprehensive study investigating eating behaviors, dietary
intake, and glycemic control together, which are important
for the management of T1IDM throughout life.

During the period in which the patient is recently diagnosed,
blood sugar monitoring and acquisition of healthy eating
habits in addition to insulin therapy are also protective
against the complications of the disease for individuals with
T1DM (17). The international guidelines for the nutrition
of people with T1IDM provide guidance on macronutrient
intake, and these guidelines recommend a healthy diet that
is suitable for the whole family (18). The International
Society for Pediatric and Adolescent Diabetes(ISPAD)
recommends a macronutrient composition for young
children that entails daily calories being composed of
45-55% carbohydrates (CHO), 15-20% protein, and 30-
35% fats (of which less than 10% should be saturated fat)
(19,20). In the present study, the CHO and protein intakes
(%) of both groups are within the target range (p>0.05).
In previous studies, it has been reported that children
with TIDM consume a higher amount of fat and a lower
amount of fiber than recommended (21,22). In the present
study, in contrast to the literature, the fiber consumption
of children with T1IDM is higher than that of their healthy
peers. This may be because the patients were newly
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diagnosed and adhered to a diet. In addition, it may be that
they are younger and that the nutrition of their children
at school age is more dependent on the parents. Moreover
this may have been due to the parents’ level of education
and their literacy regarding carbohydrate counting, their
having received nutrition education in hospitals at least
once, and the methods they apply in order to prevent their
children’s blood glucose rising and falling rapidly. Similar
to the literature (18), both children with TIDM and healthy
peers consume higher amounts of total fat and saturated
fat than the recommendations. It is thought that this
consumption rate may pose a high risk of excessive weight
gain, dyslipidemia, atherosclerosis, and cardiovascular
diseases for children at a later age. In addition, it is thought
that the inclusion of balanced polyunsaturated fatty acid
(PUFA) intake as part of a healthy and balanced diet can
prevent heart diseases that may occur in the future (23).
The significantly high PUFA consumption in the children
with T1DM included in our study can also be explained by
the awareness of the parents.

Additionally, early detection and treatment of eating
disorders in children and adolescents with TIDM are also
important due to the potentially serious consequences of
the disease (retinopathy, neuropathy, ketoacidosis, etc.).
Eating behaviors developed in the first 5 years of life affect
future eating behaviors in all children (24). According to the
literature, children with TIDM exhibit problematic eating
behaviors at higher rates than their healthy peers (8). Due
to the complexity of diabetes management combined with
eating disorder treatment, it is necessary to identify those
at risk as early as possible. Valid and reliable psychometric
questionnaires for children with clinical eating problems
are limited in number. Among these scales, the BPFAS is
known to have the highest psychometric profile (25). In
the present study, the eating behaviors of the children are
determined through the BPFAS.

Although BPFAS scores were higher for both the children
with TIDM and the healthy children in the present study
when compared to studies in the literature, the child and
parent scores of the two groups did not differ from each
other. This lack of difference may have been due to the
children included in our study receiving support from
their parents in this regard. Additionally, the parents of the
children with TIDM regarded their children’s behavioral
disorders as problems at a higher rate, and scores related
to parents’ feelings and behaviors were higher for these
parents. This indicates that the mealtime behaviors of
children with TIDM and the feelings and behaviors of
parents at mealtimes cause more problems when compared

Turk J Diab Obes 2024; 1: 51-58

Onal S et al.

to the parents of healthy children. This may be related to
the parents of children with TIDM having more anxiety
when their children are facing diabetes. The dependence of
young children on their parents suggests that in addition
to obtaining information about the children in the clinic,
it may be useful to question the behavior of the parents
at mealtimes. Teaching strategies to parents to manage
mealtime behaviors may help reduce parent reporting
of mealtime problems and improve children’s dietary
adherence.

Additionally, it is assumed that eating behaviors could
affect the glycemic control of children with TIDM. In a
previous study, the HbAlc levels of children and the scale
scores reported by their parents were positively correlated
(9). However, no significant correlation between HbAlc
and total BPFAS scores was found in our study. In order
to determine factors affecting glycemic control in children
with T1DM, further experimental studies are required.

American Diabetes Association and the ISPAD accept a
target HbAlc of <7.0% and <7.5% for optimal glycemic
control in children with TI1IDM(19,26). The median
value (Q,-Q,) of the last measurements of HbAlc in the
children with T1DM in our study was 8.4% (7.7-9.7). The
suboptimal glycemic control in the children may have been
due to as determined in Table 1, lack of physical activity
and the time spent in front of the screen is higher than the
recommended time. The parents’ limited ability concerning
disease management, parents’ stress level, poor parent-child
interactions, and their inability to establish the relationship
between nutrition and lifestyle according to their children’s
insulin treatment may also have contributed to this
situation. Systematic behavioral observation and evaluation
studies on daily mealtime behaviors of young children with
T1DM may be beneficial for understanding how mealtime
behavior affects parent-child interactions.

Obtaining detailed information from parents about their
young children’s eating behavior in mealtime was the
difficult part of the study. To obtain more detailed and
accurate information from parents, it is recommended that
information on the subject be added to diabetes education
to raise awareness about eating behavior. Moreover there
are some limitations to this study. A major limitation of the
study was also the small size which is maybe why some of the
results were not statistically significant. Second, the study
was mainly conducted in families with university degrees.
These data cannot be generalized to families with lower
educational status. Third, the data relied exclusively on
parent report of young children’s nutritional intake, which
could introduce a bias related to parent reporting. Lastly,
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to determine the direction in the relationships between
glycemic control, dietary intake, and mealtime behavior, a
longitudinal design is needed.
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Obezite Arastirmalari Icin In Vitro Adiposit Hiicre Kiiltiirii ile
Etkili Model Olusturma: On Calisma
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Amag: 3T3-L1 preadipositlerin farklilasma etkinligi obezite, diyabet ve ilgili bozukluklarla iliskili hiicresel mekanizmalar tizerine yapilan
calismalar: etkileyen 6nemli bir faktordiir. 3T3-L1 hiicrelerinin farklilagmas: genellikle insiilin, deksametazon (DEX) ve 3-izobiitil-
1-metilksantin (IBMX) igeren bir adipojenik kokteyl ile indiiklenmektedir. 3T3-L1 hiicreleri ¢ogaltilirken dikkat edilmesi gereken
6nemli noktalar igeren bir siirece sahip hassas bir hiicre grubu olup ilerleyen pasajlarda farklilasma yetenegini kaybedebilmektedir. Bu
sorunu ¢6zmek i¢in, ¢aligmamizin amaci dogrultusunda, yaygin olarak kullanilan ti¢ farkli adipojenik kokteylin farklilasma verimliligi
karsilastirilmigtir. Bununla birlikte, birtakim parametreler degistirilerek 3T3-L1 hiicrelerinin farklilasma yetenekleri test edilmistir.

Gereg ve Yontemler: Calismamizda 3T3-L1 hiicre kiiltiird, fibroblast hiicrelerin olgun adiposit hiicrelere farklilastirilmasi, Oil Red O
boyama ile lipitlerin mikroskop altinda gosterilmesi ve kantitatif analiz i¢in boyanin spektrofotometrik 6l¢iimii yontemleri kullanilmistir.

Bulgular: Deney sonuglari, 0,5 mM IBMX, 0,25 uM DEX ve 1 pg/mL insiilin igeren adipogenik kokteylin 3T3-L1 hiicre farklilagmas:
i¢in en etkili kokteyl oldugunu (p<0,0001) ve farklilasmanin etkinliginin adipojenik ajanlarin konsantrasyonlari ile yakindan iligkili
oldugunu gostermistir.

Sonug: Caliymamizda ATCC’nin 3T3-L1 hiicreleri i¢in vermis oldugu protokoliin alternatifi olarak in vitro preklinik obezite modeli i¢in
kullanilabilecek 6nemli modifikasyonlar bildirilmistir.

Anahtar Sozciikler: Obezite, Hiicre kiiltiirii, 3T3-L1, Adipogenez, Adiposit

Creating An Effective Model with In Vitro Adipocyte Cell Culture
for Obesity Research: Preliminary Study

ABSTRACT

Aim: The differentiation efficiency of 3T3-L1 preadipocytes is a crucial factor affecting studies on cellular mechanisms associated with
obesity, diabetes and related disorders. Differentiation of 3T3-L1 cells is usually induced by an Adipogenic cocktail containing insulin,
dexamethasone (DEX), and 3-isobutyl-1-methylxanthine (IBMX). There is a process that includes important points to consider when
growing 3T3-L1 cells. It is a sensitive cell group and may lose its ability to differentiate in later passages. To solve this problem, for the
purpose of our study, the differentiation efficiency of three different commonly used Adipogenic cocktails was compared. Additionally,
the differentiation abilities of 3T3-L1 cells were tested by changing some parameters.

Material and Methods: In our study, 3T3-L1 cell culture, differentiation of fibroblast cells into mature adipocyte cells, demonstration of
lipids under the microscope with Oil Red O staining, and spectrophotometric measurement of the dye for quantitative analysis were used.

Results: Experimental results Showed that the Adipogenic cocktail containing 0.5 mM IBMX, 0.25 uM DEX and 1 pg/mL insiilin was
the most effective cocktail for 3T3-L1 cell differentiation (p<0.0001) and the effectiveness of differentiation was closely related to the
concentrations of adipogenic agents.

Conclusion: In our study, important modifications that can be used for the in vitro preclinical obesity model have been reported as an
alternative to the protocol given by ATCC for 3T3-L1 cells.

Keywords: Obesity, Cell culture, 3T3-L1, Adipogenesis, Adipocyte
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GIRIS

Son yillarda diinya ¢apinda pandemik hale gelen obezite,
insan sagligina ciddi olumsuz etkileri bildirilen, viicutta agi-
r1 yag (adipoz doku) birikimi ile karakterize multifaktoriyel
bir hastaliktir. Asir1 kalori alimi, sedanter yasam ve genetik
yatkinlik gibi faktorlerin bir araya gelmesinden kaynakla-
nan pozitif enerji dengesi obezitenin tanimi olarak kulla-
nilmaktadir (1). Pozitif enerji dengesinden kaynaklanan ve
viicutta kullanilmayan fazla enerji adipoz dokuda yag olarak
birikim gostermektedir. Adipoz dokuda bulunan yag hiic-
relerinin (adiposit) depolama kapasitesinin uyarlanmasi ile
yag hiicrelerinin say1 (hiperplazi) ve hacim (hipertrofi) ola-
rak artis1 gozlenmektedir (2,3). Preadipositlerden olgun yag
hiicrelerinin olusumu adipogenez olarak adlandirilmak-
tadir. Obezite adipogenez ile baslayip yag hiicrelerindeki
yogun hiperplazi ve hipertrofi ile diinya ¢apinda mortalite
ve morbidite ile sonu¢lanan ciddi bir saglik sorunudur (3).
Hiperplazi, olgun adiposit gelisimine yol agan transkripsi-
yonel faktorler ve hiicre dongiisii proteinlerini iceren bir
adipojenez ile gerceklesir. Adipojenez siirecindeki denge-
nin bozulmasi sonucu meydana gelen asir1 hipertrofi lokal
inflamatuar yanit1 tetiklemekte, insiilin direnci ve buna bag-
I1 tip 2 diyabet gelisimine neden olmaktadir (3,4). Karbon-
hidrat veya yag icerigi yiiksek bir beslenme tarzi sonucu yag
hiicrelerinin hiperplazisi ratlarda oldugu gibi diyet bilesen-
lerine bagli olarak obez bireylerde de gézlenmektedir. Obe-
zitenin etkin tedavisine yonelik yapilan aragtirmalarda ana
yaklagimlar genelde lipid depolanmasini ve yag hiicreleri-
nin yayilimini sinirlama yollarina odaklanmistir (5). Obezi-
teye karst kullanilabilecek potansiyel terapétik stratejilerin
basinda adiposit farklilasmasinin engellenmesi yontemi gel-
mektedir. Bu sayede adipogenez ve dolayisiyla obezitenin
onlenmesi saglanabilecektir. Obezite, metabolik sendrom
tablosuna eslik eden insiilin direnci, hipertansiyon, tip 2 di-
yabet ve kardiyovaskiiler hastaliklar ve post-travmatik stres
bozuklugu ile iliskilendirilmistir (6, 7). Obezitenin tedavisi
ve 6nlenmesi ile bu komplikasyonlarda da iyilesme saglana-
cak, yasam kalitesinin artirilmasina katkida bulunulacaktir.
Obezitenin indiikledigi sistemik inflamasyon hepatik do-
kudan 6nce adipoz dokudan koken alir. Yagdan yiiksek bir
diyetle beslenmeye bagl olarak yag dokusunda nétrofil ve
makrofaj sayilar1 hizlica artig gostermektedir. Bahsi gegen
metabolik bozukluklarin ve mortalitenin azaltilmasi ve ya-
sam kalitesinin artirilmast icin obezite iliskili bazi adipokin-
lerin baskilanmas1 ve/veya salgisinin artirilmast ile gelecek
caligmalara yon verilmesi gerekmektedir (8).

Obezitenin patofizyolojisini arastiran in vitro g¢aligmalar,
adiposit olusumunun diizenlenmesinin obeziteye kars1 po-
tansiyel bir terapétik strateji olarak kullanilabilecegini gos-
termektedir. Dolayisiyla in vitro ¢aligmalarda adipositlerin
etkin bir sekilde farklilasmas: mekanizmalarin aydinlatila-

Turk ] Diab Obes 2024; 1: 59-64

Cil EN ve Soysal Y

bilmesi i¢in 6nemli bir faktordiir. 3T3-L1 hticreleri fibrob-
lastlardan olgun adipositlere farklilagabilme potansiyelleri
nedeniyle obezite, diyabet ve iligkili patolojilerin temel hiic-
resel ve molekiiler mekanizmalarinin anlagilmasinda kulla-
nilan en yaygin in vitro modeldir (9).

Adipogenez mekanizmalarini inceleyen galismalarda 3T3-
L1 preadipositlerin etkin farklilasmasi 6nemli bir faktordiir.
3T3-L1 hiicreleri obezite ve diyabet {izerine yapilan calig-
malarda onlarca yildir yaygin olarak kullanilmis olsa da adi-
pojenik kokteylin hala bir standardizasyonu yoktur (10). Bu
¢alismanin amaci dogrultusunda literatiirde bildirilen yon-
temler ve ATTC’nin 6nerdigi protokol modifiye edilerek
3T3-L1 hiicrelerinin farklilagma verimliliginin nasil etkilen-
digi test edilmis ve farklilasma siirecinde yasanan zorluklara
ait ¢oztimleri iceren yontem deneyimleri sunulmustur.

GEREC ve YONTEMLER
3T3-L1 Hiicre Kiiltiirii

Fare, sigan veya insandan alinan yag dokularinin stromal
vaskiiler fraksiyonundan elde edilen primer ya da klon hiic-
re kiltiirleri adiposit farklilagmasinin arastirilmasi amaciyla
kullanilir. Bu hiicre kiltiirlerinin adipositlere farklilagma-
s1 indiiklendiginde hticreler yapisal ve biyokimyasal ola-
rak adiposit karakteristliklerini gosterirler. Yag hiicresinin
farklilasmasinda en yaygin olarak kullanilan klon hiicre tipi
3T3-L1 hiicreleridir. Bu preadiposit hiicre kiltirleri dife-
ransiyasyon i¢in temas inhibisyonuna gereksinim duyarlar
ve farklilagma calismalari i¢in hiicre kiiltirlerinin konfluent
héle gelmesi beklenir. Farklilasmayr uyarmak igin 3-iso-
butyl-1-methylxanthine (IBMX) ajani beraberinde dexa-
methasone (DEX) ve instlin kullanilir (11).

Bu calismada beyaz yag hiicresi onciilii fare embriyonik
fibroblast klon hiicre tipi olan 3T3-L1 preadiposit hiicre
hattt (CL-173; ATCC, Manassas, VA, USA) Amerikan Tipi
Kiiltiir Koleksiyonundan (ATCC) temin edilmistir. Once-
likle ATCC’nin 6nerdigi protokol ile %10 bovine calf serum
(BCS), %2 L-Glutamin, %1 penislin streptomisin ilave edi-
lerek yiiksek glikozlu (4,5 g/L) DMEM (Gibco) ile tamam-
lanmug besi yerinde 37 °C’de ve %5 CO,’li nemlendirilmis
ortamda hiicreler inkiibatérde ¢ogaltilmistir. Deney ve
kontrol gruplarinda diferensiyasyonun indiiklenmesi amaci
ile ayni1 protokol kullanilmistir (12).

Hiicrelerin gogalmasi giinliik takip edilerek %70-80 yogun-
luga ulastiklarinda PBS (Fosfat Tamponlu Salin) ile hiicre
atiklarindan ve fazla besi yerinden arindirmak igin iki kez
ytkanmis ve %0,25 Tripsin-EDTA (Gibco) ilave edilerek 2-3
dakika siireyle inkiibatorde bekletilmistir. Hiicreler invert
mikroskop altinda incelenip, kalktiklarindan emin olun-
duktan sonra 1:3 veya 1:5 oraninda yeni kiiltiir kaplaria
pasajlanmisgtir.
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Tablo 1: 3T3-L1 hiicrelerinin farklilasmasi i¢in kullanilan adipo-
jenik kokteyller.

Mix 1 Mix 2 Mix 3
0.5 mM IBMX 0.5 mM IBMX 25 mM IBMX
0.25 yMDEX 0.1 uM DEX 0.25 uM DEX

1 pg/mlinsiilin 1 pg/ml Insiilin 1 pg/ml Insiilin

IBMX: 3-isobutyl-1-methylxanthine, DEX: Dexamethasone

3T3-L1 Hiicre Farklilasmasi

Farklilasma i¢in yeterli sayida hiicre elde edildikten sonra 6
well plate’in her kuyucuguna sayim yapilarak yaklasik 150
000 hiicre gelecek sekilde ekim yapilmistir. 48 saat sonra
tam hiicre yogunlugu (%100) gozlendikten sonra besi yeri
yenilenerek 48 saat daha inkiibe edilmigtir. 96 saatlik inkii-
basyonun sonunda farklilasma besi yerinin eklendigi giin
stfirinci (0. giin) olarak adlandirilmaktadir. Bu asamada ha-
cim olarak fetal sigir serumu (FBS %10), L-Glutamin (%2),
penisilin streptomisin (%1) ve yiiksek glikozlu DMEM sa-
bit iken, ¢aligmanin degiskeninin olusturan IBMX (Sigma),
DEX (Sigma) ve 1 ug/ml insiilin (Sigma) farkli konsantras-
yonlarda belirlenerek 3 grup farklilagsma kokteyli hazirlana-
rak kullanilmustir (Tablo 1). 2. giin eski besiyeri atilarak 1
pg/mLinsilin igeren tamamlanmig besiyeri eklenmis ve her
48 saatte bir besiyeri yenilenerek 4 ve 6. giinler %10 FBS
iceren tamamlanmis DMEM besiyeri eklenmistir. Hiicre-
ler farklilasmanin tamamlanmasina kadar (8. Giin) inkiibe
edilmistir. Hiicre pasaji %70 konfluensin altinda gergekles-
tirilmistir ve yalmizca farklilasma deneylerinden 6nce %100
konfluense ulagsmalarina izin verilmistir.

OilRed O (ORO) Boyama

Hiicre morfolojisini ve farklilasmanin ilerlemesini deger-
lendirmek i¢in Oilred O boyama yontemi nétral trigliserit-
leri ve lipidleri goriintiileyebilen yaygin kullanilan gegerli
bir lipid boyama yontemidir. Isik ve floresan mikroskobu
ile goriuntilleme ve spektrofotometre ile kantitatif 6l¢iim
imkan sunarak lipid birikiminin analizine imkan saglayan
bir yontemdir (13). Optimize ORO boyama protokoli, adi-
posit farklilasmasini niceliksel olarak degerlendirmek i¢in
evrensel olarak kullanilmaktadir. Deney ve kontrol grupla-
rinda diferansiyasyon ve hiicre igi lipid birikiminin deger-
lendirilmesi i¢in ayrilmis hiicreler 8. giinlerde ORO boyama
ile incelenmistir.

ORO boya igin stok soliisyonu hazirlama (14): toz formun-
da satin alinan OilRed O (Sigma) boyadan %0.5 konsantras-
yonda ana stok ¢6zelti hazirlamak i¢in 0,2 gram tartilarak 40
mL 2-propanol i¢cinde ¢ozdiiriilmiistiir. Bu stok ¢ozelti oda
sicakhiginda aliiminyum folyo ile sarili bir sekilde 1giktan
korunarak saklanmigtir. Stok ¢6zelti 3:2 oraninda seyrelti-

lerek ¢aligma soliisyonu hazirlanmistir. Calisma soliisyonu
her deney igin taze olarak 3 birim boya ile 2 birim distile su
karistirilarak hazirlanmis ve kullanimdan hemen 6nce 0,45
um filtre ile bir kez filtrelenmistir (14).

Farklilasmanin ardindan 6 kuyulu kiltir plaklarina ekilen
hiicrelerin besi yeri atilmis ve PBS ile yikama yapilmugtir.
Fiksasyon i¢in %4’liikk paraformaldehit (PFA) ile oda sicak-
liginda 45 dakika boyunca inkiibe edilen hiicrelerin sabit-
lenmesi saglanmigtir. Paraformaldehit uzaklastirildiktan
sonra hiicrelerin tizerine %6011k izopropanol eklenmis ve
5 dakika beklenmistir. Eklenen izopropanol 5 dakikanin so-
nunda uzaklagtirildiktan sonra ORO boyama soliisyonun-
dan kuyulara 2 mL eklenerek 15 dakika oda sicakliginda in-
kiibe edilmistir. Ardindan, baglanmamis boyay: ¢ikarmak
i¢in hiicreler distile suyla 4-5 defa yikanmustir. Kuyulara su
ekleyerek invert mikroskopta yag damlaciklar: goriintiilen-
mistir. Bagli (boyanmis) ORO boya %100 izopropil alkol ile
hiicrelerden ekstrakte edilmis ve ELISA okuyucu cihazda
490 nm optik absorbansta ¢lgiilerek miktar: tayin edilmistir.

istatistiksel Analiz

3T3-L1 hiicre tabakas: invert mikroskopla 20x buyiitmede
parlak bir alanda fotograflanmistir. Elde edilen veriler grup-
lar arasinda istatistiksel belirginligi ortaya ¢ikarmak icin
GraphPad Prism 9 programi kullanilmigtir. Veriler SPSS 29
programinda t-testi ile analiz edilmistir. Sonuglarin dogru-
lugunu saglamak i¢in tiim deneyler ii¢ kez tekrarlanmugtir.
p < 0.05 ¢ikan sonuglar anlamli kabul edilerek sekillerde *
olarak belirtilmistir.

BULGULAR

Fare 3T3-L1 hiicreleri, adipogenezdeki hiicresel ve molekii-
ler olaylar1 incelemek igin en iyi karakterize edilmis model-
dir (15). Bityiimenin durmasinin ardindan farklilasma ajan-
larryla tedavi iizerine 3T3-L1 hiicreleri hiicre dongiisiine ye-
niden girer ve fenotip fibroblasttan adiposite doniistir. 3T3-
L1 hiicrelerinin bagariyla farklilasmas, in vitro adipogenezi
incelemek igin kritik bir adimdir. Adipojenik kokteyl adi
verilen ii¢ ana bilesen, IBMX, DEX ve insilin, 3T3-L1 hticre
farklilagmasina iliskin neredeyse tiim ¢aligmalarda kullani-
lir. Bununla birlikte, her bilesenin konsantrasyonu, bireysel
caligmaya bagli olarak biiyiik dl¢iide degisir.

On ¢alismalarimizda ATCC tarafindan &nerilen yéntemle
(0,5 mM IBMX, 1uM DEX ve 1ug/mL insiilin) 3T3-L1 hiic-
relerinin basarili bir sekilde farklilagmasi saglanamamuistir.
Nedenleri arastirildiginda, bu basarisiz farklilasmanin hiic-
relerin farklilasmaya uygun sekilde ¢ogaltilmamasi, ortam
degisimi icin el uygulamalarinda gereken hassasiyetin gos-
terilmemis olmasi ve hiicrelerin farklilagma kokteylindeki
ilaglarin konsantrasyonundan olumsuz etkilenmeleri gibi
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Sekil 1: OilRed O boyama ile lipitlerin gosterilmesi. Kirmizi ile boyanan hiicreler lipitleri gostermektedir. 3T3-L1 hiicre tabakasi invert
mikroskopla 20x biiyiitmede parlak bir alanda fotograflanmustur.
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Sekil 2: OilRed O 490 nm spektrofotometrik 6lgiim. ***p<0,0001

sorunlardan kaynaklanabilecegi diistintilmiistiir. Buna gore
adipojenik ilaglarin daha diisiik konsantrasyonlari ile farkli
kombinasyonlar: literatiirde yaygin kullanilan kokteyllere
gore tasarlanmigstir. Calismalarin ¢ogunda 0,5 mM IBMX ve
0,25 uM DEX igeren farklilagma karigimlar: kullanildig: be-
lirlenmistir. ATCC protokoliinde belirtilen 1 uM DEX ice-
ren farklilagsma kokteyli yerine ¢aliymamizda 0,25 pM DEX
veya 0,1 uM DEX kullanildiginda hiicrelerde saglikli bir
farklilasma saglanmis olup daha 6nce yasanan sorunlardan
hiicrelerde kiiltiir kabindan ayrilma ve kopma gibi etkiler
gorilmemistir. Bununla birlikte farkli kokteyllerin lipit olu-
sumuna etkisi ORO boyama ile analiz edilmis, mikroskopta
ve spektrofotometrik Sl¢timlerde karsilastirilarak en etkili
farklilasma kokteyli taranmugtir.

Lipit damlaciklarinin ORO boyanmasi sonucu lipit yogun-
luklar1 mikroskopta kirmizi renkte goriilmektedir. Buna
gore, Mix 1 karisimi ile indiiklenen hiicrelerin daha ¢ok sa-
yida ve daha biiytik lipit damlaciklar: icerdigi degerlendiril-
mistir (Sekil 1).
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Invert mikroskop altinda nitel olarak gdzlenen olgun adi-
positler kantitatif olarak Oil Red O’nun spektrofotometrik
Ol¢timii ile nicel olarak da gosterilmistir. Buna gore Mix 1
karigimu ile inditklenen hiicrelerin lipit birikiminin en yiik-
sek oldugu, diisiik konsantrasyonda DEX ve IBMX igeren
karisgimlarla indtiklenen hiicrelerin lipit birikiminin daha
disiik oldugu goriilmektedir. Mix 1, Mix 2 ve Mix 3 koktey-
llerinin lipit olusumunu tetiklemesi anlamli olarak birbirin-
den farkli bulunmustur (Sekil 2).

TARTISMA

Bu zamana kadar, 3T3-L1 preadipositlerin farklilagmasina
yonelik mevcut protokollerin veya kitlerin diigiik etkinligi,
adipositlerdeki hiicresel ve molekiiler mekanizmalara ilis-
kin ¢aligmalarin siirdiiriilmesini zorlagtirmaktadir. Burada,
3T3-L1 hiicrelerinin farklilagma siirecinde etkili bir proto-
kol ile basarili sonug alabilmek i¢in dikkat edilmesi gereken
hassas el manipiilasyonlari, bityiime kosullar1 ve adipojenik
kokteylin icerigi uygulanmis olan modifikasyonlar tizerin-
den agiklanmaktadir.

ATCC farklilasma protokoliine gore yapilan ilk calisma-
larimizda hiicrelerde tutundugu kiiltiir kabindan ayrilma
ve kopma gibi deneyi sonlandiracak derecede 6nemli olan
olumsuz sonuglar goriilmiistiir. 2019 yilinda Zhao ve arka-
daglar1 bir ¢alismasinda; karsilastigimiz sonuglara benzer
sekilde sorunlar yasandig: bildirilmis ve adipojenik koktey-
lde bulunan ilag konsantrasyonlarindan kaynaklanabilece-
¢i One stirtilmistiir. Adipojenik etken maddelerin yogun-
luklarinda yapilan degisiklikler ile olusturulan farklilasma
kokteylleri adiposit farklilagma verimini ve lipit kapasitesi-
ni bizim ¢alismamizda da etkilemistir (10). Bunun iizerine
ilerleyen ¢aligmalarimizda kullanilmak tizere bir farklilas-
ma protokolii optimize edilmesi gerekmis ve literatiirde
en sik kullanilan karigimlar baz alinarak farkl ii¢ kokteyl
olusturulmustur. Literatiirde de ¢caligmamiza benzer olarak
adipojenik ajanlarin uygulanma siiresinin veya konsantras-
yonunun modifiye edilerek farklilasmanin daha verimli bu-
lundugu ¢aligmalar bildirilmistir (10, 16-18).
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DEX, mezenkimal kok hiicrelerin adipositlere, kas hiicrele-
rine ve kondrositlere farklilagmasi tizerinde hem konsant-
rasyona hem de zamana bagli etkiler sergileyen sentetik bir
kortikosteroiddir. IBMX, erken adipojenik farklilasmayn te-
tiklemek icin 6nemlidir (19). Calismamizda DEX ve IBMX
konsantrasyonlarinin azaltilmasi, 3T3-L1 hiicrelerinin fark-
lilagma etkinliginin azalmasiyla sonu¢lanmigtir. Bunun ne-
deni olarak DEX ve IBMX maddelerinin iyi birer adipojenik
indiikleyici olmalar1 gosterilebilir.

Hiicre hattinin orijini, pasaj sayisy, kiiltiir kaplari gibi birgok
faktor 3T3-L1 hiicrelerinin farklilasma verimliligini etkile-
yebilmektedir. 3T3-L1 hiicrelerinin genellikle 6limstizles-
tirildigi dugiiniilse de bir¢ok ¢alisma 3T3-L1 hiicrelerinin
farklilasma etkinliginin degisebilecegini bulmustur (10).
Ozellikle pasaj sayisinin artmasiyla veya sivi nitrojenden
¢oziilditkten sonra farklilasma verimliliginin azaldig: bildi-
rilmistir (18).

2007 yilinda Mehra ve ark., caligmalarinda 3T3-L1 hiicrele-
rinin farklilasma oranlarinin diisiik olmasiyla ilgili benzer
problemlerle karsilastiklarinda, 3T3-L1 adiposit farklilas-
masindaki degiskenligin hiicre kiiltiir kaplarina biiyiik 6l¢ii-
de bagli oldugunu bildirmislerdir. Hem kiiltiir kabi saglayi-
cist (yani plastik yiizeyin malzemesi ve/veya islenmesi) hem
de tabak tipi (6rn. 35 mm petri veya 6 kuyulu plaka) 3T3-L1
farklilagsmasi icin ¢ok onemli faktorler oldugu agiga ¢ika-
rilmigtir. Yazarlar, optimal kiltiir kaplarinin secilmesiyle
yaklagik %80’lik bir farkhilasma diizeyi elde edebildikleri-
ni bildirmislerdir (20). Caligmalarimizda Corning (Costar,
Corning Inc., USA) marka petri kiiltiir kaplar1 kullandigi-
mizda hiicre yapismalarinda bagar1 oranimizin artti$1 goz-
lemlenmistir. Bu literatiir bilgileri 1s181nda ¢alismalarimizda
benzer sorunlar goriilmiis ve ¢6ziimil igin birgok parametre
degistirilerek optimal deney siirecine ulagilmistir. Farklilas-
manin basaris1 6zellikle hiicrelerin yapisarak biiyiidiikleri
yiizeyi olusturan hiicre kiiltiir kabi (flask ve well plate) gibi
laboratuvar malzemelerinin kalitesinden ve el maniipiilas-
yonundan etkilenmektedir. Etkili bir farklilagma i¢in calis-
malarin disiik pasaj sayilarinda yapilmasi gerekmektedir.
Calisma amacina uygun kiiltiir kab: kullanilmali ve ekim
yapilacak hiicre sayisina, hiicre dondurma protokoliine, sivi
azotta depolamaya ATCC protokoliinde belirtildigi sekil-
de dikkat edilmesi gerekmektedir. Hiicrelerin bulundugu
ylizeyden ayrilmamalar: i¢in el uygulamalar dikkatli bir
sekilde yapilmali, ortam degisimi esnasinda hiicre kiiltiir
kabinin kenarindan hiicre temasinin olmadigi bolgeden
olabilecek en diisiik hizla besi yeri eklenmelidir (10).

Sonuglarimiz obezitenin hiicresel ve molekiiler mekaniz-
malarina iliskin ileri caligmalara temel olusturacak protokol
yontemleri icermekte ve ozellikle 3T3-L1 hiicrelerini fark-

Iilagtirma protokoliinti kullanan arastirmacilarin laboratu-
var ¢aligmalarinda kargilagabilecekleri zorluklar i¢in 6nemli
ipuglar1 sunmaktadir.
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ABSTRACT

Aim: This study aimed to investigate the possible relationships between ABO and Rh blood groups and microvascular complications of
diabetes in type 2 diabetes mellitus (DM) patients.

Material and Methods: This study included Type 2 DM patients who were hospitalized and followed in our clinic between February
2019 and April 2022. The patients’ data files were retrospectively reviewed in order to record demographic characteristics, antidiabetic
medications, comorbid diseases, fasting plasma glucose, HbAlc values, ABO/Rh blood groups, and microvascular complication status
(nephropathy, retinopathy, and neuropathy).

Results: A total of 348 patients were included in the study. In the sample group, male patients constituted 40.9% (142) and female
patients 59.1% (206) of the sample, and the mean age was 59.3+12.8 years. Diabetic nephropathy, retinopathy, and neuropathy rates were
31.3%, 41.0%, and 52.0%, respectively. The blood group was A in 151 (43.4%), B in 51 (14.6%), 0 in 127 (36.5%), and AB in 19 (5.5%)
patients. Patients with different blood types did not show any significant differences in the microvascular complications of diabetes.
The frequency of nephropathy and retinopathy were lower in Rh-negative patients than in Rh-positive patients (p=0.044 and p=0.041,
respectively).

Conclusion: ABO blood groups are not correlated with the microvascular complications of diabetes in patients with type 2 DM.
However, Rh positivity may pose certain risks for nephropathy and retinopathy.

Keywords: ABO and Rh blood groups, Type 2 diabetes mellitus, Microvascular complications of diabetes

Tip 2 Diabetes Mellituslu Hastalarda ABO ve Rh Kan Gruplari ile
Diyabetin Mikrovaskiiler Komplikasyonlar1 Arasindaki iligki

oz
Amag: Bu ¢aligma tip 2 diyabetes mellitus (DM) hastalarinda ABO ve Rh kan gruplari ile diyabetin mikrovaskiiler komplikasyonlar1
arasindaki olasi iliskiyi arastirmayr amaglamustir.
Gereg ve Yontemler: Caligmaya Subat 2019-Nisan 2022 tarihleri arasinda tip 2 DM nedeniyle yatirilan hastalar dahil edildi. Hastalarin
demografik 6zellikleri, kullanmis olduklar: antidiyabetik ilaglar, komorbid hastaliklari, aglik glukoz, HbAlc degerleri, ABO/Rh kan
gruplar ile mikrovaskiiler komplikasyon durumu (nefropati, retinopati ve néropati) her bir hasta i¢in retrospektif olarak kayit edildi.
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Bulgular: Caligmaya toplam 348 hasta dahil edildi. Hastalarin 142’si erkek (%40,9), 206’s1 kadindi (%59,1). Ortalama yas 59,3 + 12,84di.
Hastalarda diyabetik nefropati, retinopati ve néropati sirastyla %31,3, %35,20 ve %52,0 olarak saptand1. Hastalarin 151’1 (%43,4) A kan
grubu, 14 hasta (%14,7) B kan grubu, 127 (%36,7 ) hasta 0 kan grubu ve 19 hasta (%5,5) AB kan grubuna sahipti. Rh kan grubu 318
hastada pozitif, 30 hastada negatifti. Kan gruplari ile mikrovaskiiler komplikasyon arasinda anlamli bir iliski saptanmadi. Rh kan gurubu
negative olan hastalarda nefropati ve retinopati anlamli daha az saptand: (sirasiyla p=0.044 ve p=0.041).

Sonug: Kan gruplari ile mikrovaskiiler komplikasyon arasinda anlaml bir iliski saptanmadi ancak Rh pozitifligi diyabetik nefropati ve

retinopati gelisimi i¢in risk faktorii olabilir.

Anahtar Sozciikler: ABO ve Rh kan gruplari, Tip 2 diyabetes melitus, Diyabetin mikrovaskiiler komplikasyonlari

INTRODUCTION

There has been a significant rise in the prevalence of diabe-
tes all over the world, particularly in developing countries.
This increase leads to increasing rates of nephropathy, retin-
opathy, and neuropathy, which are among the microvascu-
lar complications of diabetes (1). Although hyperglycemia
is the major systemic risk factor (2), it is not sufficient alone
for the development of diabetic microvascular complica-
tions. Only 20-40% of diabetic patients develop renal fail-
ure, which suggests that genetic or endogenous protective
factors that have not yet been identified may play a role (1).
Although many studies have associated microvascular com-
plications with factors such as age, gender, marital status,
hypertension, obesity, and duration of diabetes, this issue
has not been fully clarified yet (2).

The primary human blood group system is ABO. Since the
blood groups were discovered in 1900, the possible rela-
tionship of ABO and Rh blood groups with various health
conditions has been the subject of curiosity and research
(3). Apart from erythrocytes, ABO antigens are expressed
in a number of tissues, such as sensory neurons, vascular
endothelium, epithelium, and platelets (4). Various stud-
ies have revealed a relationship between ABO or Rh blood
groups and coronary artery disease, salivary gland cancer,
duodenal ulcer, gastric cancer, thyroid disorders, colorectal
cancer, and ovarian tumors (5). Although the relationship
is not fully understood, there are also studies investigating
the role of ABO blood group phenotypes in the pathophys-
iology of type 2 diabetes mellitus (DM). However, in the lit-
erature, a few studies have examined possible relationships
between different blood types and the microvascular com-
plications of DM.

The incidence of DM and its natural complications are in-
creasing day by day. Knowing the risk factors for the micro-
vascular complications of DM will help to screen and pre-
vent the complications early, thus providing better care and
treatment. In this study, we aimed to investigate possible
relationships between ABO and Rh blood groups and the
microvascular complications in type 2 DM patients.
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MATERIALS and METHODS

Type 2 DM Patients hospitalized in our clinic between Feb-
ruary 2019 and April 2022 were included in the study. We
excluded from the study those with type 1 DM, pregnant
women, and patients with a history of pancreatic surgery
and temporary problems (including uncontrolled hyper-
tension, urinary infection, hypovolemia, intense exercise
in the last 24 hours, high fever, significant hyperglycemia,
decompensated heart failure) that may cause albuminuria
or low GFR and patients with a nondiabetic neuropathy.
The patients’ files were retrospectively reviewed, and their
demographic characteristics, antidiabetic medications, co-
morbid diseases, fasting plasma glucose mg/dL and HbAlc
values, ABO/Rh blood groups, and microvascular compli-
cation status (nephropathy, retinopathy, and neuropathy)
were recorded.

The presence of retinopathy was evaluated through ocular
examination using an ophthalmoscope by an eye special-
ist. The patients with proliferative or/and non-proliferative
retinopathy were recorded as having diabetic retinopathy. A
nephropathy examination was performed with urinary al-
bumin excretion as specified by the ADA. Accordingly, our
study recorded urine albumin/creatinine ratio <30 mg/gr as
no nephropathy, and >30 mg/gr was recorded as high uri-
nary albumin excretion and diabetic nephropathy.

For neuropathy evaluation, the pinprick test, vibration
threshold using a 128 Hz tuning fork, light touch perception
using 10 g monofilament, and ankle reflexes were evaluated.
The patients who were found to have symmetrical, asym-
metrical, or focal diabetic neuropathy and who used drugs
for neuropathic pain were recorded as having diabetic neu-
ropathy.

The ABO/Rh blood group was determined in all the patients.
The frequency of microvascular complications was com-

pared in those who had different ABO blood groups and
Rh-positive and negative patients.
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Statistical Method

Data analysis was performed via SPSS 22.0 software. Cat-
egorical variables were given as numbers and percentages.
The meantstandard deviation or median and the first and
third quartiles (IQR) were given for continuous variables.
Whether the variables showed a normal distribution or not
was tested by the Kolmogorov-Smirnov test. Three or more
independent groups were compared using the Kruskal-Wal-
lis test since the normal distribution condition was not met.
Categorical data were compared with the chi-square test.
The statistical significance level was accepted as p < 0.05.

RESULTS

The study was carried out on a total of 348 patients. Male
patients constituted 142 (40.9%) and female patients 206
(59.2%) of the sample. The mean age was 59.3+12.8 years,
and the mean duration of DM was 12.7+8.8 years. The mean
plasma glucose and HbAlc levels were 176.4+£84.49 mg/dL
and 9.96%+2.18, respectively. The blood group was A in 151
(43.4%), B in 51 (14.6%), O in 127 (36.5%), and AB in 19
(5.5%) patients. While the Rh blood group was positive in
318 (91.4%) patients, it was negative in 30 (8.6%).

Nephropathy was detected in 109 (31.3%), and neuropathy
was detected in 181 (52.0%) patients (Table 1). Eye exami-
nation was performed in 300 patients, and 123 (41.0%) had
diabetic retinopathy. There was no significant difference in
the presence of any diabetic microvascular complications
in different blood groups (Table 1). The proportions of the
patients with two or all three complications were similar in
the groups.

The rates of microvascular complications in the Rh-posi-
tive and negative patients are presented in Figure 1A,B. Ne-
phropathy was detected in 13.3% of the Rh-negative and
33.0% of the Rh-positive patients (p=0.044). The neurop-

athy rate was similar in the Rh- negative and positive pa-
tients. The rate of retinopathy was significantly lower in the
Rh-negative patients than in the positive patients (20% vs
42.9%, p=0.041). Also, the proportions of the patients with
three complications were significantly lower in the Rh-neg-
ative patients (40/318 (12.58%) of the Rh-positive patients
and 0 (0%) of the Rh-negative patients (p=0.035)).
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Figure 1: Presence of nephropathy in Rh-positive and negative
patients (A), Presence of retinopathy in Rh-positive and negative
patients (B).

m Absence of Retinopathy

Table 1: Presence of microvascular diabetic complications in different blood groups.

A (n=151) B (n=51) 0 (n=127) AB (n=19) p-value
Age, year(min.-max.) 59 (20-91) 59 (21-88) 62(29-86) 59(21-88) 0.932
Female/Male (n) 85/66 27/24 84/43 10/9 0.238
Fasting plasma glucose (mg/dL+SD) 173.30+87.34 190+68.83 171.1+85.78 196 + 90.52 0.223
HbAlc (%+SD) 9.91+2.22 10.23£2.15 9.90+2.16 10.16 + 2.04 0.048
Nephropathy, n(%)* 45/151 (29.80) 16/51 (31.37) 42/127 (33.07) 6/19 (31.57) 0.952
Neuropathy, n(%)* 76/151 (50.33) 26/51 (50.98) 69/127 (54.33) 10/ 19 (52.63) 0.926
Retinopathy, n(%)** 54/129 (41.86) 16/45 (35.55) 46/109 (42.20) 7/10 (70.0) 0.935
Any complication, n(%) 104/151 (68.87) 34/51 (66.66) 93/127 (73.23) 15/19 (78.95) 0.646
Two complications, n(%) 60/151 (39.74) 18/51 (35.29) 52/127 (40.94) 7/19 (36.84) 0.909
Three complications, n(%) 16/151 (10.60) 7/51 (13.73) 15/127 (11.81) 2/19 (10.0) 0.940

*n =A total of 348 cases of DM

, **n=A total of 300 cases of DM were studied for presence of Retinopathy
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Table 2: Comparison of blood groups in terms of microvascular diabetic complications.
Nephropathy (n=348) P Retinopathy (n=300) P Neuropathy (n=348) P
A 45/151 (29.80%) 0,59 54/129 (41.86%) 0851 76/151 (50.33%) 0.851
Non-A 64/197 (32.49%) 69/171 (40.35%) 105/197 (53.30%)
B 16/51 (31.37%) 1000 16/45 (35.5%) 0.510 26/51 (50.98%) 0.881
Non-B 93/297 (31.31%) 107/255 (41.96%) 155/297 (52.18%)
O 42/127 (33.07%) 0.594 46/109 (42.2%) 0.819 69/127 (54.33%) 0.817
Non-O 67/122 (54.91%) 77/281 (27.4%) 112/221 (50.67%)
AB 6/19 (31.58%) 000 7/17 (41.17%) 1000 10/19 (52.63%) 1.000
Non-AB 103/329 (31.30%) 116/283 (40.98%) 171/348 (49.13%)

When the A blood group and other blood groups (non-A)
were compared, complications did not show significant dif-
ferences. The same results were found for the B and non-B,
O and non-O, and AB and non-AB blood groups (Table 2).

DISCUSSION

Controversial results have been found so far in studies con-
ducted to investigate the relationships between type 2 DM
and the ABO and Rh blood groups. Legese et al. evaluated
the risk of type 2 DM in 424 patients and reported an in-
creased risk in the B blood group and a lower risk in the O
blood group; however, the Rh blood group and type 2 DM
were not significantly related (5). Increased factor VIII-VWF
complex, intercellular adhesion molecule-1ICAM-1), and
tumor necrosis factor-2 (TNF-2) levels in those with B blood
group have been associated with a higher risk of DM devel-
opment in these patients (6,7). Aggarwal et al. also found
a reduced risk of DM in the O blood group. However, this
relationship was not statistically significant (8). It was con-
sidered that this protective effect against DM in the O blood
group was linked with the decrease in inflammatory media-
tors (TNF-2, ICAM-1, and factor VIII-VWF complex). On
the other hand, in a study conducted in India, an increased
risk of DM development was reported in those with the O
blood type (9). In another study, 75 patients were examined,
and diabetes mellitus risk was higher in those with the A
blood group than the other blood groups. According to the
authors of this study, blood group A should be evaluated
as a risk factor in DM screening (10). A meta-analysis of
47 studies evaluating the DM risk in different blood types
revealed that blood group O had the least association with
diabetes, and blood group B had the highest association;
however, all diabetes types, including gestational DM, were
included in this meta-analysis (11).

Compared to the studies that investigated the association of
DM and blood types, a limited number of studies examined
how the blood type and complications of DM are associated.
Unal et al. studied 743 patients with diabetic nephropathy
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and 25,253 healthy donors who donated to the blood bank
in Turkey. The distribution of the ABO blood groups was
significantly different among diabetic nephropathy patients
and in the control group. While the rate of the A Rh-posi-
tive blood group was significantly higher (43.3% vs 38.5%),
the rate of the O Rh-positive group was significantly low-
er (26.1% vs. 29.5%) in patients with diabetic nephropathy
(12). In contrast, although not statistically significant, Gupta
et al. evaluated 319 patients and reported that the complica-
tions, particularly nephropathy, were seen more frequently
in the B blood group (13). In a study carried out in Ethiopia,
no significant relationships were found between the ABO
blood groups and the microvascular complications of DM
(1). Another study compared 276 type 2 DM patients and
117 healthy controls. Although neuropathy was found at
a lower rate in group AB and A than in group O, no sig-
nificant relationship was found between the microvascu-
lar complications of DM and blood groups (14). Similarly,
in our study, we found no relationships between the ABO
blood groups and the microvascular complications of DM.
Varying results in different studies may be due to differences
in the designs, such as size, methods, and patient selection,
as well as geographical, environmental, and genetic differ-
ences (15). Genome-wide related studies have shown that
ABO gene locus variants, especially A and B antigens, were
related to an increase in well-known risk factors for DM,
such as blood lipid levels and inflammatory markers (P-se-
lectin, E-selectin, TNF-2, and ICAM-1). These molecules
are inflammatory regulators that might contribute to the
development of DM and affect insulin and insulin receptors
(16, 17). However, the pathophysiology of the association
between microvascular complications and blood groups is
not clearly understood.

A limited number of studies investigated the association
between the Rh factor system and diseases. Rasmussen et
al. revealed that the RhD blood group was associated with
diseases including malignant neoplasm (other), tongue can-
cer, HIV, tuberculosis, hereditary hemolytic anemias, hep-
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atitis B infection, major puerperal infection, contracture of
the tendon, anxiety disorders, and type 2 DM (18). A recent
meta-analysis, which included 26 studies, found no con-
nections between the Rh blood group and type 2 DM (19).
To our knowledge, the association between microvascular
complications of DM and the Rh blood group has not been
evaluated in the literature before. Our study also examined
how the Rh blood group and microvascular complications
were related. Diabetic nephropathy and retinopathy were
lower in Rh-negative patients than in Rh-positive patients
(Figure 1A,B).

The present study was mainly limited by its retrospective
design. Secondly, an ophthalmologic examination was not
performed by the same clinician. Additionally, we evaluat-
ed only the presence of microalbuminuria for nephropathy.
The lack of a healthy control group can be considered anoth-
er limitation; however, our primary aim was to determine
the possible effect of blood group status on microvascular
complications in diabetic patients. Lastly, our study group
included hospitalized patients who generally had poorly
regulated DM. A more extensive prospective study, includ-
ing outpatients with relatively better glucose control, may
provide more accurate information.

In conclusion, no relationship was found between the ABO
blood groups and microvascular complications of DM in
type 2 DM patients. However, Rh positivity might pose a risk
for nephropathy and retinopathy. Further studies with larger
sample sizes are required to elucidate the possible role of
blood groups on the development of DM and complications.
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Glukagon Benzeri Peptid -1 Reseptor Agonisti Liraglutidin Sican
Detriisor Kas Kasilma Yanit1 Uzerine Etkisi
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Bu makaleye yapilacak atif: Colgecen AD ve Sayan Ozagmak H. Glukagon benzeri peptid -1 reseptér agonisti liraglutidin sigan detriisor
kas kasilma yanit1 tizerine etkisi. Turk J Diab Obes 2024;1: 71-78.
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Amag: Glukagon benzeri peptid-1 (GLP-1), bagirsak L hiicrelerinde proglukagondan sentezlenen bir inkretin hormondur. Diyabetes
mellitus tedavisinde yaygin olarak kullanilan GLP-1 analoglarinin antidiyabetik etkilerinin yani sira néroplastisiteyi saglayarak
noroprotektif, prokognitif ve diyabete bagli komplikasyonlarin énlenmesinde etkili oldugu bildirilmektedir. Uriner disfonksiyonlar
diyabet ve obezitede siklikla gozlenmektedir. Kan sekerini diisiiriicii etkisinden bagimsiz olarak GLP-1 reseptor agonistlerinin direkt
mesane diiz kasinin iizerindeki etkilerinin belirlenmesi bu hasta gruplarinda agir1 aktif mesane gelisiminin 6nlenmesinde yararli etkiler
ortaya gikarabilir. Bu galismanin amaci gastrointestinal diiz kas fonksiyonlar tizerine diizenleyici etkileri bildirilen GLP-1 reseptor
agonistinin mesane diiz kas kasilma ve gevseme yanitlari tizerine olan etkisini incelemektir.

Gereg ve Yontemler: Caligmada 300-325 g agirliginda erkek yetiskin Wistar Albino cinsi siganlar kullanilmistir (n=7). Detriisor kas
seritlerinin kasilma ve gevseme yanitlarini incelemek i¢in organ banyosu sistemi kullanilmigtir. Mukozasi saglam kas seritleri izole organ
banyosuna asilarak izometrik kasilma yanit1 karbakol ( 3x10¢ M) ile olusturulmustur. Karbakolle kasilmis diiz kas seritlerine GLP-1
reseptOr agonisti olarak liraglutid kiimiilatif (10#-102 M) olarak uygulanarak diiz kas kasilma yanitlarindaki degisim belirlenmistir.
Gevseme yanitlar1 incelemek i¢in izoproterenol (108-102 M) kullanilmistir. Karbakolle kasilmis diiz kas seritlerine kiimilatif olarak
liraglutid uygulanarak gevseme yanitlar1 kaydedilmistir. Ayrica GLP-1’in etki mekanizmasini tespit edebilmek i¢in organ banyosuna
noronal nitrik oksit sentaz (nNOS) inhibitérii Nw-Nitro-L-arginine (L-NNA) (10 mM) eklenerek gevseme yanitlar: tizerine etkisi
degerlendirilmistir. Sonuglarin istatistiksel degerlendirmesi Mann-Whitney U ve Kruskal Wallis testleri kullanilarak yapilmustr.

Bulgular: GLP-1 reseptor agonisti liraglutid 3x10° M dozunda karbakolle olusan kasilma yanitinda istatistiksel olarak anlamli bir
degisime neden olmamustir (p=0,768). Onceden 3x10° M karbakol ile kasilmis diiz kas seritlerine kiimiilatif olarak uygulana liraglutid
(10* ve 102 M dozlarinda) izoprotrenol ile benzer gevseme yanitina neden olmustur. izole organ banyosu ortamina LNNA eklenmesi,
liraglutid bagimli gevseme yanitinda istatistiksel olarak anlamli azalmaya neden olmustur (p=0,019, p=0,033).

Sonug¢: Calismanin sonuglar1 GLP-1’in biiyiik olasilikla mesane diiz kas duvarinda GLP-1 reseptorii araciligiyla gevsemeye neden olabil-
digini gdstermektedir. In vitro kosullarda ve saglikli detriisér kas dokusundan elde edilen veriler, liraglutid ile olusan gevseme yanitinin
mekanizmalar1 arasinda nitrik oksitin rol oynadigini diisiindiirmektedir. Bu sonuglarin agir1 aktif mesane modellerinde ve in vivo ko-
sullarda daha ileri caligmalarda desteklenmesi gerekmektedir.

Anahtar Sozciikler: GLP-1, Mesane, Kasilma yaniti, Nitrik oksit
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Effect of Glucagon-Like Peptide-1 Receptor Agonist Liraglutide
on Rat Detrusor Muscle Contraction Response

ABSTRACT

Aim: Glucagon-like peptide-1 (GLP-1) is an incretin hormone synthesized from proglucagon in intestinal L cells. GLP-1 analogs, which
are widely used in the treatment of diabetes mellitus, are reported to be effective in neuroprotective, procognitive and prevention of
diabetes-related complications by providing neuroplasticity as well as antidiabetic effects. Urinary dysfunctions are frequently observed
in diabetes and obesity. Determination of the effects of GLP-1 receptor agonists directly on bladder smooth muscle, independent of
their blood glucose lowering effect, may reveal beneficial effects in preventing the development of overactive bladder in these patient
groups. The aim of this study was to investigate the effect of GLP-1 receptor agonist, which has been reported to have regulatory effects
on gastrointestinal smooth muscle functions, on bladder smooth muscle contraction and relaxation responses.

Material and Methods: Male adult Wistar Albino rats weighing 300-325 g were used in the study (n=7). An organ bath system was used
to examine the contraction and relaxation responses of detrusor muscle strips. Muscle strips with intact mucosa weres uspended in an
isolated organ bath and isometric contraction response was induced with carbachol (3x10¢ M). Liraglutide as GLP-1 receptor agonist
was applied cumulatively (10%#-102 M) to carbachol-contracted smooth muscle strips and the change in smooth muscle contraction
responses was determined. Isoproterenol (10%-10% M) was used to examine relaxation responses. Relaxation responses were recorded
by cumulatively applying liraglutide to strips of smooth muscle previously contracted with carbachol. In addition, in order to determine
the mechanism of action of GLP-1, neuronal nitric oxide synthase (nNOS) inhibitér Nw-Nitro-L-arginine (L-NNA) (10 mM) was added
to the organ bath and its effect on relaxation responses was evaluated. Statistical evaluation of the results was performed using Mann-
Whitney U and Kruskal Wallis tests.

Results: The GLP-1 receptor agonist liraglutide did not cause a statistically significant change in the contractile response to carbachol
at a dose of 3x10-* M (p=0.768). Liraglutide (at doses of 10* and 102 M) applied cumulatively to smooth muscle strips previously
contracted with 3x10° M carbachol caused a similar relaxation response as isoprotrenol. Addition of LNNA to the isolated organ bath
medium caused a statistically significant decrease in the liraglutide-dependent relaxation response (p=0.019, p=0.033).

Conclusion: The results of the study show that GLP-1 can cause relaxation of the bladder smooth muscle wall, most likely through the
GLP-1 receptor. Data obtained in vitro and from healthy detrusor muscle tissue suggest that nitric oxide plays a role in the mechanisms
of the relaxation response induced by liraglutide. These results need to be supported in further studies in overactive bladder models and
in vivo conditions.

Keywords: GLP-1, Bladder, Contractile response, Nitric oxide

GIRIS endojen hem de eksojen GLP-1, gastrik hacmin artirilmast,
gastrik bogsalmanin geciktirilmesi, antro-duodenal kontrak-
tilitenin baskilanmasi ve ince bagirsak motilitesinin inhibe
edilmesini igeren gastrointestinal motor fonksiyonunun dii-
zenlenmesinde 6nemli roller oynamaktadir. GLP-1’in gast-
rointestinal hareketliligi diizenledigi mekanizma heniiz tam
olarak anlagilmamistir. GLP-1’in gastrointestinal motilite
tizerindeki etkisi, vagal afferent ve merkezi mekanizmalarin
yanu sira, nitrik oksit (NO) salinimi yoluyla gastrointestinal
duvardaki enterik noronlar tizerindeki dogrudan etkileri
icerebildigi bildirilmektedir (1,4). Uzun dénem liraglutid
uygulanan siganlarin mide kas tabakasi kalinliginin azaldig1
ve mide bosalmasinin gecikmesinde etkili oldugu bildiril-
mektedir (5).

Glukagon Benzeri Peptid-1 (GLP-1) &zellikle distal ince ba-
girsakta bulunan L hiicreleri tarafindan sentezlenir ve sal-
gilanir. L hiicreleri, proglukagon geninin bir transkripsiyon
trtint olarak GLP-1’i sentezlerler (1). GLP-1'in ¢ok gesitli
biyolojik aktivitelere sahip oldugu ve esas olarak glikoz ba-
giml olarak insiilin sekresyonunu artiran bir inkretin oldu-
gu bilinmektedir (2). GLPI'in inkretin 6zelliklerinin terap6-
tik degeri, tip 2 diyabet hastalar: i¢in yeni bir tedavi sege-
negi olarak kesfedilmesiyle arastirmalarda 6nemi artmustir.
Liraglutid, GLP1 reseptor agonisti olup klinik pratikte gli-
semik kontrolii iyilestirmek diyabet ve obezite tedavisinde
yaygin olarak kullanilmaktadir (3). GLP-1¢ok kisa biyolojik
yarilanma omriine sahiptir. Diger bir¢ok fizyolojik etkileri-

nin yani sira gastrointestinal motor aktivitesinde belirgin bir
inhibisyona neden olmaktadir (1). GLP-1’in sigan ince ba-
girsak motilitesi tizerinde giiglii bir inhibitor etki gosterdigi
saptanmustir (1). Benzer etki saglikli goniillillerde ve irritabl
bagirsak sendromu olan hastalarda da bildirilmektedir. Hem
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Gastrointestinal motilite {izerinde GLP-1 uygulanmasina
verilen yanit, insanlarda biiytik 6l¢tide bilinmemektedir, an-
cak hayvan caligmalari, GLP-1 agonistlerinin, vagal sinir yo-
luyla aracilik edilen go¢ eden motor kompleksleri tizerinde
inhibitor bir etkiye sahip oldugu ve iist gastrointestinal sis-
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temdeki miyoelektrik aktiviteyi bozdugu gosterilmistir (6).
Yapilan bagka bir ¢caligmada liraglutidin kalin bagirsak gecis
stiresini azalttig1 bildirilmektedir (7).

Asirt aktif mesane sendromu, acil idrar kagirmanin eslik
ettigi veya etmedigi, ¢ok sik idrara sikisma, idrar siklig1 ve
noktiiri gibi bir dizi karmasik semptomlarla tanimlanan
tibbi bir durumdur. Agir1 aktif mesanenin ytiksek kiiresel
prevalansi, 6zellikle spesifik alt tipleri i¢in etkili tedavilerin
bulunmasi zor oldugu hastalarin yasam kalitesi tizerindeki
zararli etkilerinden dolayi bir halk saglig1 problemine neden
olmaktadir. Diyabetle ortaya ¢ikan mesane disfonksiyonu,
idrar kagirma riskinin artmasiyla birlikte diyabetin yaygin
ve rahatsiz edici bir komplikasyonudur (8,9). Diyabetik me-
sane disfonksiyonunda otonom diyabetik ndropati basta ol-
mak tizere 6zellikle tip I diyabette poliiiri ve hipergliseminin
de patofizyolojisinde 6nemli rol oynadigin: bildirilmektedir
(9). Bu hastalar, genel olarak aktivitesi azalmig mesane veya
asir1 aktif mesane semptomlar1 olarak kategorize edilebi-
lecek ok ¢esitli semptomlar gosterirler. Aktivitesi azalmig
mesane belirtileri arasinda idrar yapma zorlugu, mesane do-
luluk hissinin azalmasi, idrar yapma isteginin azalmasi, me-
sane kontraktilitesinin azalmasi, mesane kapasitesinin art-
mast ve idrar yapma sonrasi rezidiiel hacmin artmasi yer alir.
Agir1 aktif mesanenin semptomlar: arasinda inkontinansla
birlikte veya inkontinans olmadan sikisma hissi, idrar sikli-
ginda artis, noktiiri ve kontraktilitede artis yer alir (10). Ay-
rica metabolik sendromda agir1 aktif mesane gozlenmekte
ve asir1 aktif mesanenin bir alt tipini olugturmaktadir. Bu tip
asir1 aktif mesane tedavisinde spesifik olmayan antimuska-
rinik, B3 agonisti ve botulinum toksini enjeksiyonlar: gibi
farmakoterapiler ile tedavi etkinligi artirilmaya calisilmak-
tadir (11).

GLP-1, pankreas adaciklarindan glikoza bagimli insiilin
salgilanmasini reseptorii araciligi ile saglar ancak GLP-1'in
ekstrapankreatik fonksiyonlar1 son zamanlarda giderek art-
maktadir. GLP-1 reseptdr agonistlerinin kullanildig: cesitli
klinik calismalarda hem de deneysel ¢alismalarda diyabet-
le iliskili komplikasyonlara karsi koruyucu oldugu bildiril-
mektedir (12,13). Ancak liraglutid tedavisinin detriisor kas
kasilma ve gevseme yanitlari tizerindeki etkilerine iligskin
¢aligma bulunmamaktadir. Orta serebral arter okliizyonu
yapilan sicanlarda beyin iskemisine bagli mesane hiperak-
tiviesinin azaltilmasinda GLP-1 analoglarinin yararh etkiler
gosterdigi bir ¢alisma bulunmaktadir (14). Diyabetli hasta-
larin bityiik ¢ogunlugunda miksiyon disfonksiyonu gorii-
lebilmesine ragmen, gelisim siireci ve komplikasyonlari ile
etkili 6nleme veya tedavi secenekleri hakkinda sinirli bilgi
bulunmaktadir. Mesanenin gevsemesinde etkili olabilecek
yeni tedavi ajanlarinin gelistirilmesi asir1 aktif mesanesi
olan hastalar1 icin farkli tedavi alternatiflerinin sunmasi

acisindan 6nemlidir. GLP-1 gastrointestinal sistem diiz kas-
larimin gevsemesine yol agtig1 icin mesane diiz kaslarinin
gevsemesinde kullanilabilir bir etken olarak karsimiza ¢ik-
maktadir. Bununla birlikte, GLP-1’in detriusor duz kas tize-
rindeki etkileri ve bununla ilgili temel mekanizmalar daha
Once arastirilmamustir.

Literatiirde daha oOnce yapilan ¢alismalarda liraglutidin
mide bosalmasimi geciktirdigi, ince bagirsak hareketliligi-
ni azalttig, dolayisiyla gegis siiresinin uzamasina yol agtig1
bildirilmektedir. Mesane diiz kas kasilma ve gevseme yaniti
tizerinde liraglutidin etkisi bilinmemektedir. Bu ¢alismada,
GLP-1 agonisti liraglutidin mesane diiz kas kasilma ve gev-
seme yanit1 {izerine etkisi ve bu yanitlardaki mekanizmala-
rinin aragtirilmasi amaglanmugtir.

GEREC ve YONTEMLER

Calisma erkek 7 adet yetiskin (300-325g) Wistar albino cinsi
sicanlar (Rattusnorvegicus) kullanilmistir. Siganlar Zongul-
dak Biilent Ecevit Universitesi Deney Hayvanlar1 iiretim
merkezinden temin edilmistir. Etik kurul onami ( Etik kurul
protokol numaras1:2022-15-02/06) alindiktan sonra sicanlar
ketamin (90mg/kg) ve ksilazin (10 mg/kg) uygulamasi ile
olusturulan anestezi sonrasinda idrar kesesi ¢ikarilarak tiro-
telyumu (detriisdr ve mukoza) saglam olan kas seritleri (2 x
15 mm uzunlugunda) elde edilmistir. Diiz kas seritleri daha
sonra izole organ banyosuna 1 g gerim ile asilarak diiz kas
kasilma ve gevseme yanitlari incelenmistir.

Organ Banyosunda [zometrik Gerim Calismasi

Mesane diiz kas seritleri 37 °Cde ve oksijenlendirilen (%95
02 ve %5 CO2) Krebs soliisyonu (mmol cinsinden1L: NaCl,
118.5; KCl, 4.8; KH PO ,1.2; MgSO,.7H,0O, 1.2; CaCl,, 1.9;
NaHCO,, 25; glukoz, 10.1) i¢inde 20 mLlik bir organ banyo-
suna yerlestirildi. Dokulardaki dinlenme gerilimi 1 gramda
tutuldu. Izole organ banyosunda her seridin izometrik kuv-
vetini 6l¢mek i¢in transdiiser ile baglantisi saglandi (MP-30,
COMMAT, COMMAT lletisim., Ankara, Tiirkiye). Bu veri
toplama sistemi araciligiyla diiz kasta meydana gelen spon-
tan kasilma yanitlari bilgisayar tarafindan siirekli olarak
gorintiilendi ve kaydedildi. Bir saatlik dengeleme siiresinin
sonunda kas seritlerine muskarinik agonist karbakol sub-
maksimal dozda (3X10° M) uygulanarak kas seritlerinde
kasilma yanit1 elde edildi. Dokular her uygulamadan son-
ra Krebs soliisyonu ile yikandiktan ve dokularin izometrik
glicli dengelendikten sonra ayni doku tekrar 3X10° M kar-
bakolle kasilarak bu defa organ banyosuna kiimiilatif ola-
rak 10%-10? M dozlarinda liraglutid uygulanarak kontraktil
aktivitedeki degisiklikler gozlendi ve kaydedildi. Doku her
bir farmakolojik ajan uygulamasindan sonra organ banyo-
sunun suyu degistirilerek yikanmistir. Yeniden dengelen-
dikten sonra, seritlerin gevseme yaniti degerlendirilmistir.
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Gevseme yanitlarini degerlendirmek icin diiz kas seritleri
once 3X10° M dozunda karbakolle kasilmis ve daha sonra
izoproterenol, liraglutid ve LNNA eklenmigstir. Diiz kas se-
ritleri submaksimal dozdaki 3X10° M karbakolle kasildik-
tan sonra kiimiilatif izoproterenol (10°-10> M) uygulanarak
gevseme yaniti kaydedilmistir (15). Liraglutidinin gevseme
yaniti tizerindeki etkisini degerlendirmek i¢in 10%-102 M
degisen konsantrasyonlarda 3X10~¢ M karbakol ile 6nceden
kasilmig kas seritlerine uygulanmistir. GLP-1’in gevseme
yanitt {izerindeki etki mekanizmalarini ortaya cikarabil-
mek amaciyla 6nceden karbakolle kasilmis kas seritlerinin
bulundugu ortama noéronal NO sentaz (nNOS) inhibitorii
Nw-Nitro-L-arginine (L-NNA) 10mM (16) dozunda ekle-
nerek liraglutid (10%-10 M) ile ortaya gikan gevseme yanit-
larinin degisimi incelenmigtir. Deneyin sonunda, seritlerin
agirliklari 6lgiilerek kasilma ve gevseme yanitlar: gram doku
basina orantilanarak gram cinsinden ifade dilmigtir (15).

Tablo 1. Gevseme yanitinin gruplar arasi kargilagtirilmasi. Once-
den 3X10°M karbakolle kasilan diiz kas seritlerine izoprotrenol,
liraglutid ve liraglutid+LNNA uygulamas: sonrasi elde edilen gev-
seme yanitlari. Degerler medyan (IQR) olarak verilmistir.

Gevseme Yanitlarinin Gruplar Arasi Karsilastirilmasi
Liraglutid Liraglutid+LNNA p

Doz Izoprotrenol

-6 1,18(0,68-2,4) 0 (0-0)* 0(0-0,98)* 0,009
5 1,77(1,17-3,97)  0(0-2,03) 0(0-1,98)* 0,033
-4 2,54 (1,45-4,03) 1,36 (0-2,65) 0,38 (0-1,98)* 0,019
3 2,92(1,45-4,41) 1,7 (0-2,72) 0,8 (0-2,43) 0,055
2 3.23(1,45-4,41) 2,95 (1,11-2,74) 1,03 (0-2,43)* 0,033

*Izoprotrenol uygulamasina gére istatistiksel anlamlilig1 gostermektedir.
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Istatistiksel Analiz

Istatistiksel degerlendirme SPSS 19.0 (SPSS Inc., Chicago,
IL, USA) programi kullanilarak yapildi. Tanimlayic ista-
tistikler medyan ve geyrek aciklik (IQR) olarak ifade edildi.
Ikili karsilagtirmalar non parametrik Mann Whitney U testi
ile yapildi. Ug grubun kargilagtirilmasinda Kruskal-Wallis
varyans analizi kullanildi. Kruskal-Wallis varyans analizin-
de alt gruplarin ikiserli karsilastirilmasi ise Dunn testi ile
yapildi. p<0,05 degeri biyoistatistiksel olarak anlamli kabul
edilmigtir.

BULGULAR

Detriisor diiz kasinin reseptor aracili kasilma yanitlarini de-
gerlendirmek igin karbakoliin 3X10°M dozu kullanilmistir
(Sekil 1). Bu dozdaki karbakol ile 6nceden kasilan diiz kas
seritlerine liraglutidin kiimilatif dozda uygulamas: sonra-
sinda sadece karbakol ile olusan kasilma yaniti karsilagti-
rildiginda, liraglutid kasilma yanitinda bir azalmaya neden
olmus ancak bu deger istatistiksel olarak anlamli bulun-
mamustir (p=0,768) (Sekil 2). Karbakol ile olusan kasilma
yanitinin medyan degeri 5,34 g (IQR degerleri 3,60-7,86 g)
olarak bulunmugstur. Karbakol+Liraglutid uygulamas: son-
rasinda kasilma yanitinin medyan degeri 5,14 g (IQR deger-
leri 2,55-5,14 g) olarak benzer saptanmistir (p=0,768)

Tablo 1de karbakolle kasilmis diiz kas seritlerin gevseme
yanitlarina ait medyan ve IQR degerleri verilmektedir. Diiz
kas seritlerinin 3X10¢M karbakol ile kasilmasi sonrasinda
106, ve 10°M izopretrenol ile olusan gevseme medyan dege-
ri sirastyla 1,18 g ve 1,77 g bulunmus ve bu degerler liraglu-
tid ve liraglutid +LNNA uygulamasi ile karsilastirildiginda
istatistiksel olarak anlamli bulunmustur (p=0,009). izoprot-
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Sekil 1: zole organ banyosunda detriisor diiz kas seritlerinde izoprotrenol(10%-102), liraglutid (10-10 M )ve liraglutid (10%-102 M) +
LNNA (10mM) uygulamasi sonrasi ortaya ¢itkan kasilma ve gevseme yanitlari.
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Sekil 2: Karbakol (3X10°) ve karbakol* liraglutid ile olusan
detriisor kas kasilma yanitlari. Degerler medyan olarak verilmistir
(n=7).

renoliin 10*M dozunda uygulamasi sonrasinda elde edilen
gevseme yanitinin medyan degeri 2,54 g tespit edilmistir.
[zoprotrenoliin 10* M dozunda elde edilen gevseme yanitt
(medyan degeri 2,54) ile Liraglutid+ LNNA (medyan degeri
0,38 g) uygulamasi ile olusan gevseme yanitinin istatistiksel
olarak anlamh bulundugu (p=0,019) gozlenmistir. Sadece
onceden kasilmis diiz kas seritlerine liraglutid uygulamas:
(medyan degeri 1,36) izoprotrenoliin 10* M uygulamasina
(medyan degeri 2,54) benzer gevseme yanitina neden ol-
mugtur (p=0,053). Izoprotrenoliin 102 M dozunda gevse-
me yanitina ait medyan degeri 3,23 g olarak hesaplanmustir.
Liraglutid+LNNA uygulamas: gevseme yanitinda (medyan
degeri 1,03 g) izoprotrenoliin 102 M dozunda ortaya ¢ikan
gevseme yanitina (medyan degeri 3,23) gore istatistiksel an-
lamli azalmaya neden olmustur (p=0,033).

Sekil 3'de karbakolle 6nceden kasilmis diiz kas seritlerinin
izoprotrenol, liraglutid ve liraglutid+LNNA ile olusan gev-
seme yanitlar1 yiizde degisimi gosterilmektedir.

TARTISMA

Agir1 aktif mesane “idrar kagirma, genellikle giindiiz sikli-
ginda artig ve noktiiri ile birlikte olan veya olmayan idrara
stkisma” ile karakterize bir depolama semptom sendromu
olarak tanimlanmustir (17). Cogu hastada asir1 aktif mesa-
ne gelisiminin altinda yatan patolojiyi belirlemedeki zorluk
nedeniyle, siklikla “idiyopatik” olarak nitelendirilmektedir.
Asir1 aktif mesane, ¢oklu potansiyel patofizyolojik mekaniz-
malardan kaynaklanan karmagik, ¢ok faktorlii bir sendrom
olarak goriilmelidir. Literatiirde asir1 aktif mesane etiyopa-
tolojisine iliskin gesitli hipotezler 6ne siiriilmistiir. Miyoje-

Sekil 3: Karbakol (3X10°) ile 6nceden kasilmis detriisor kas serit-
lerinde kiimiilatif olarak uygulanan izoprotrenol, liraglutid ve lira-
glutid+LNNA ile elde edilen gevseme yanitlarinin yiizde degisimi
(n=7).

nik hipoteze gore; detriisérden kaynaklanan idrara sikisma,
tirotelyojenik hipoteze gore; mesane tirotelyumu/subiirotel-
yumundan kaynaklanan idrara sikisma, iiretrojenik hipote-
ze gore; Uretradan kaynaklanan idrara sikisma ve supraspi-
nal hipoteze gore de; beyin ve beyin sapindan kaynaklanan
idrara sikigma oldugu bildirilmektedir (11).

Asir1 aktif mesane tedavileri arasinda konservatif yasam tar-
z1 degisiklikleri, ilaglar, intravezikal tedaviler, ndromodiilas-
yon ve son olarak cerrahi iglemler yer alir. {laglar arasinda
antikolinerjikler ve B3 reseptdr agonistleri yer alir ve bun-
larin her ikisi de detriisor asir1 aktivitesini azaltarak yasam
kalitesini artirir. Bu tedavilerde uyumun diisiik olmasi sik-
likla gozlenmektedir. Uyumun diisiik olmasinin nedenleri
arasinda etkinlik eksikligi ve agiz kurulugu, kabizlik, goz
kurulugu ve idrar retansiyonu gibi yan etkiler yer almakta-
dir (18). Bu nedenle, asir1 aktif mesane yonetimi i¢in giiven-
li, uygun fiyatli ve etkili oral ajanlara ihtiyag vardir.

Diyabete bagl: iirolojik komplikasyonlar yaygin olarak goz-
lenmektedir. Hastalarda noéronal ve diiz kas fonksiyon bo-
zuklugu ile tirotelyumu igeren bozukluklara bagh belirti ve
semptomlar1 goriliir. Hastalarin %50-%80’inde, agir1 aktif
mesane semptomlarindan, az aktif mesane semptomlarina
kadar degisen alt idrar yolu fonksiyon bozuklar: gériillmek-
tedir (19). Diyabetik hastalarda yapilan iirodinamik ¢alis-
malar, Ozellikle diyabetin erken donemlerinde %55 ora-
ninda detriisor agir1 aktivitesi saptanmustir (20). Diyabetik
mesanelerdeki asir1 aktivitenin ardindaki patofizyoloji ¢ok
faktorliidir. Bu faktorler arasinda mikrovaskiiler hasardan
kaynaklanan otonomik noropati, detriisor kontraktilitesi-
nin diizenlenmesindeki eksiklikler ve duyusal liflerin uya-
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rilabilirligindeki degisikliklere bagli mesane tirotelyumun-
daki bozukluklar yer almaktadir (21). Diyabetik kisilerde
hipergliseminin siiresi ve kan sekeri seviyesinin, mesane
fonksiyon bozuklugunun kotiilesmesi igin risk faktorleri
oldugu, iyilestirilmis glikoz kontrolii ile mesane fonksiyon
bozuklugunun ilerlemesini dnledigi gosterilmistir (22). Di-
yabetin ge¢ evresinde ise oksidatif stres triinlerinin birik-
mesi mesane dokusunun ve mesane fonksiyonlariin bozul-
masina yol agtig1 da bildirilmektedir (12,13,23).

Fizyolojik olarak mesanenin idrar1 depolama ve bosaltma
fonksiyonu otonom sinirler tarafindan kontrol edilmektedir.
Uriner depolama periyodu sirasinda sempatik sinir sistemi
baskindir ve sempatik sinir uglarindan salinan norepinefrin,
B3 adrenoseptorleri uyararak detriisor diiz kasini gevsetir.
Buna karsilik, iseme periyodu sirasinda, parasempatik sinir
sistemi baskin hale gelir ve parasempatik sinir ug¢larindan
salian asetilkolin ve ATP detriisor kast kasmak i¢in sirasty-
la muskarinik M3 reseptorlerini ve purinerjik P2X reseptor-
lerini uyarir (24). GLP-1% ait reseptdrlerinin viicutta beyin,
bobrek, mide ve kalp dokularinda bulundugu gosterilmistir.
Karaciger, iskelet kas1 ve yag dokusunda GLP-1 reseptorleri
bulunamamustir. Vagal sinirlerde reseptorlerin gosterilmis
olmasina karsin mesanede GLP-1 ait reseptorler ile ilgili
bilgi bulunmamaktadir (25). Caliyjmamizda liraglutid, me-
sane detrusor kasinda izoprotrenol ile benzer sekilde gevse-
me yanit1 olusturmustur. Bu sonu¢ mesanede GLP-1 resep-
torlerinin olabilecegini diisiindiirmektedir. GLP-1 reseptor
agonistleri ile ince bagirsak (1,4), kalin bagirsak (3) motilite-
sinin azaldig1, mide bogalmasini geciktigi (5) gosterilmistir.
Bizim ¢aliymamizda da literatiire benzer gekilde liraglutidin
mesane diiz kasinda gevseme yaniti olusturabildigi gozlen-
mistir. Ayrica nNOS inhibit6rii olan LNNAnin bulundugu
kosullarda gevseme yanitinin azaldig1 gériilmiistiir. Bu bul-
gu mesanede GLP-1'in gevsemeyi saglayici etki mekanizma-
sinda NO'in etkili oldugunu diisiindiirmektedir. Cesitli ¢a-
ligmalarda GLP-1 reseptorleri uyarildiginda NO miktarinin
arttigr gosterilmistir (26,27,28). Bu caligmalarda 6zellikle
kalpte endotelyal NOS (eNOS) uyarimi ile NO yapiminin
arttig1 gosterilmistir. Sonuglarimiz bu ¢alismalarla karsilas-
tirlldiginda liraglutidin mesane diiz kas gevsemesi {izerin-
deki etkisinin nNOS iizerinden oldugunu soyleyebiliriz.

Glukagon benzeri peptid-1, yemek yedikten sonra gastroin-
testinal sistemde yer alan L hiicreleri tarafindan tretilip sa-
linan bir inkretin hormondur. Glukagon benzeri peptid-1’in
uzun etkili bir analogu olarak, liraglutid dogal olarak ayni
fizyolojik etkilere sahiptir. Liraglutid, GLP-1'in molekiiler
modifikasyonu yoluyla elde edilir ve uzun yarilanma 6m-
riine sahiptir. Liraglutid klinikte giiclii bir hipoglisemik
ajan olarak kullanilir. Ayrica pratikte viicut kiitle indeksini
azalttig1 gosterilmistir. Metabolik hastaliklarda ve diyabet
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komplikasyonlarin: azaltmada etkili oldugu da bildirilmek-
tedir (24,29). Hem klinik 6ncesi (30) hem de klinik ¢alisma-
lar, GLP-1in bagirsak diiz kasini gevsettigini ve hastalarda
deri alt1 uygulamadan sonra irritabl bagirsak sendromu ile
iligkili agriyr hafiflettigini gostermistir (1,4). Bununla bir-
likte, GLP-1’in motilite tizerindeki etki mekanizmas: kesin
olarak bilinmemekle birlikte vagal aferent aracili merkezi
mekanizmalar1 igerdigi bildirilmektedir. Si¢anlarda, peri-
ferik olarak uygulanan GLP-1’in vagal afferentler aracilig1
ile beyne giden sinyallerde artisa neden olmakta (24) ve bu
etki bir GLP-1R antagonisti olan eksendin tarafindan blo-
ke edilmistir (31). Efferent tarafta, GLP-1 etki mekanizma-
sinin adrenerjik olmayan, kolinerjik olmayan vagal yollar:
icerdigi bildirilmektedir (32,33,34). Li ve arkadaslar1 orta
serebral arter okliizyonu ile olusturulan inme modelinde
GLP-1 analoglarinin pelvik parasempatik sinir aktivitesini
diizenleyerek serebral iskemiye bagli mesane hiperaktivite-
sini azaltmada etkili oldugunu gostermislerdir (14). Diger
bir ¢alisgmada dipeptidilpeptidaz-4 inhibitériinin GLP-1
reseptoriinden bagimsiz bir sinyal mekanizmasi yoluyla ve
kan sekeri seviyelerini diisiirmeden mesane iskemisi sonra-
sinda mesane hemodinamisini ve fonksiyonunu iyilestirdigi
gosterilmistir (35). Calismamizda liraglitudin saglikli sican
mesane diiz kasinda B adrenoseptorler ile olusan gevseme
yanitina benzer gevsetici bir etki gosterdigi goriilmiistiir. Bu
etkisiyle GLP-1 agonistlerinin mesane diiz kaslarmin gev-
semesinde kullanilabilir bir tedavi segenegi olabilecegini
onermekteyiz. Uriner disfonksiyonlarin diyabet ve obezite
siklikla gozlenmesi kan sekerini diistirticti etkinliginden ba-
gimsiz olarak GLP-1 reseptor agonistlerinin direkt mesane
diiz kasinin tizerindeki etkilerinin ortaya ¢ikarilmasi, asirt
aktif mesane gelisiminin 6nlenmesinde bu hasta gruplarin-
da yararl etkiler ortaya ¢ikarabilir. Tedavi secenekleri kisitlt
oldugu i¢in mesanenin gevsemesinde rol alan diger meka-
nizmalar1 arastirarak agir1 aktif mesane hastalar1 i¢in farklt
tedavi alternatiflerinin gelistirilmesi 6nemlidir.

Mesane diiz kasin gevsemesinde NO yolaginin rol oynadi-
&1 bilinmektedir. Siganlarda yapilan ¢alismalarda, GLP-1'in
mide bosalmasini, achik sirasinda gé¢ eden miyoelektrik
komplekleri ve gida alimindan sonra gastrointestinal gegcisi
geciktirdigi bildirilmektedir (1). Ayrica GLP-1’in kolon mo-
tilitesi tizerinde de inhibitdr etkili oldugu, bu etkinin NO ve
ATP salinimi yoluyla gerceklestigi ve diiz kas hiicrelerinde
L-tipi voltaja bagl kalsiyum kanallarini inhibe ettigi gos-
terilmistir (3). Ancak GLP-1 reseptdr agonistlerinin mesa-
ne diiz kas kontraktil ve gevseme yanit: tizerindeki etkileri
aragtirilmamigtir. Caligmamizda liraglutid uygulamasinin
saglikli detriisor kas seritlerindeki gevseme yanitlarinin
izopretrenol ile benzer oldugu gosterilmistir. Ayrica lirag-
lutid ile birlikte nNOS inhibitérii LNNA uygulandiginda
diiz kas seritlerinde gevseme yanitinin istatistiksel olarak
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anlamli azaldig1 gozlenmistir. Bunun nedeni intestinal diiz
kaslardaki gibi NO yolag: olabilir. Ayn1 zamanda bu sonug-
lar GLP-1’in biiytik olasilikla mesane diiz kas duvarindaki
GLP-1 reseptdrii araciligiyla detriisor kas kasilmasini inhibe
edebilecegini de diistindiirmektedir.

Diyabetik hastalarda mesane disfonksiyonu prevalans: goz
ontine alindiginda, bu hastalarda mesane fonksiyon bozuk-
luklarini azaltmaya yonelik terapotik stratejiler arastirilmak-
tadir. GLP-1 analoglarinin oksidatif strese ve hiicre 6limi-
ne kars1 6nceden belirlenmis koruyucu etkilerine dayanarak,
diyabete bagli mesane hiperaktivitesinin tedavisi i¢in umut
verici terapétik strateji olabilecegine inaniyoruz. Konu ile
ilgili in vivo ve diger hastalik modellerinde daha ayrintili
¢aligmalarin yapilmasina gereksinim vardir. Agir1 aktif me-
sane tedavisinde GLP-1 analoglarinin potansiyel kullanimi
klinik caligmalarda aragtirilmay: beklemektedir. In vitro ko-
sullarda ve saglikli detriisor kas dokusunda gerceklestirilen
kasilma yanit degisimleri daha ileri ¢alismalarda asir1 aktif
mesanede ve in vivo kosullarda etkisinin degerlendirilmesi
planlanmaktadur.

Tesekkiir
Yok.

Yazar Katki Beyani
ADC: Calismanin planlanmasi ve deneysel ¢alismalarin yiriitil-
mesi, HSO: Makale yazim1 ve deneysel caligmalarin planlanmasi

Cikar ¢atismasi

Yazarlarin bu ¢alismada ¢ikar ¢atigma beyan: bulunmamaktadir.
Bu calisma TUBITAK 2209-A Lisans Ogrenci projeleri kapsamin-
da 1919B012109907 nolu proje ile desteklenmistir. Caligma 25-26
Kasim 2023 tarihli ULUBAT’1n 6grenci kongresi olarak diizenledi-
¢i 2. Ulu Kongrede poster olarak sunulmugtur.

Finansal Destek
TUBITAK tarafindan desteklenmistir.

Etik Kurul Onay1
Calisma Zonguldak Biilent Ecevit Universitesi Hayvan Deneyleri
Yerel Etik Kurulu (etik onay numarasi: 2022-15-02/06).

Hakemlik siireci
Yayin kok hakemlik siirecinde degerlendirilmistir.

KAYNAKLAR

1. Hellstrom PM, Smithson A, Stowell G, Greene S, Kenny E, Da-
mico C, Leone-Bay A, Baughman R, Grant M, Richardson P.
Receptor-mediated inhibition of small bowel migrating comp-
lex by GLP-1 analog ROSE-010 delivered via pulmonary and
systemic routes in the conscious rat. Regul Pept 2012; 179(1-
3):71-6.

2. Weir GC, Mojsov S, Hendrick GK, Habener JE. Glucagon like
peptide I (7-37) actions on endocrine pancreas. Diabetes 1989;
38(3):338-42.

w

10.

11.

12.

13.

Yan L, Tang Q, Quan X, Ren H, Chen W, Xia H, Luo H. Effects
of exendin-4 on colonic motility in rats and its underlying me-
chanism. Neurogastroenterol Motil 2019; 31(2):e13482.

Hellstrom PM, Néslund E, Edholm T, Schmidt PT, Kristensen
J, Theodorsson E, Holst JJ, Efendic S. GLP-1 suppresses gast-
rointestinal motility and inhibits the migrating motor complex
in healthy subjects and patients with irritable bowel syndrome.
NeurogastroenterolMotil 2008; 20(6):649-59.

Gusmao-Nascimento JW, Nunes Cruz DM, Almeida Gama
L, Luz Alves WD, Machado MPR, Cora LA, Américo ME. Li-
raglutide modulates morpho-functional and inflammatory
gastrointestinal responses in rats. Eur J Clin Invest. 2024;
54(2):e14112.

Bozkurt A, Naslund E, Holst JJ, et al. GLP-1 and GLP-2 act in
concert to inhibit fasted, but not fed, small bowel motility in
the rat. Regul Pept 2002; 107: 129-135.

Wegeberg AL, Hansen CS, Farmer AD, Karmisholt JS, Drewes
AM, Jakobsen PE, Brock B, Brock C. Liraglutide accelerates
colonic transit in people with type 1 diabetes and polyneuro-
pathy: A randomised, double-blind, placebo-controlled trial.
United European Gastroenterol ] 2020;8(6):695-704.

Philyppov IB, Sotkis GV, Danshyna AO, Yelyashov SI, Sharo-
pov BR, Shuba YM. Impairment of urinary bladder mechani-
cal properties in rat model of type 2 diabetes. Neurourol Urod-
yn 2022; 41(8):1670-1678.

Vladimirova IA, Philyppov IB, Sotkis GV, Kulieva EM, Shuba
YY, Gulak KL, Skryma R, Prevarskaya N, Shuba YM. Impair-
ment of cholinergic bladder contractility in rat model of type
I diabetes complicated by cystitis: Contribution of neurot-
ransmitter-degrading ectoenzymes. Eur ] Pharmacol 2019;
860:172529.

Klee NS, Moreland RS, Kendig DM. Detrusor contractility to
parasympathetic mediators is differentially altered in the com-
pensated and decompensated states of diabetic bladder dys-
function. Am J Physiol Renal Physiol 2019; 317(2):F388-F398.

Peyronnet B, Mironska E, Chapple C, Cardozo L, Oelke M,
Dmochowski R, Cornu JN. A Comprehensive Review of Ove-
ractive Bladder Pathophysiology: On the Way to Tailored Tre-
atment. European Urology 2019; 75(6); 988-1000.

Sourris KC, Ding Y, Maxwell SS, Al-Sharea A, Kantharidis P,
Mohan M, Rosado CJ, Penfold SA, Haase C, Xu Y, Forbes JM,
Crawford S, Ramm G, Harcourt BE, Jandeleit-Dahm K, Ad-
vani A, Murphy AJ, Timmermann DB, Karihaloo A, Knudsen
LB, El-Osta A, Drucker D], Cooper ME, Coughlan MT. Glu-
cagon-like peptide-1 receptor signaling modifies the extent of
diabetic kidney disease through dampening the receptor for
advanced glycation end products-induced inflammation. Kid-
neylnt 2023; S0085-2538(23)00756-1.

Eissa RG, Eissa NG, Eissa RA, Diab NH, Abdelshafi NA, Sha-
heen MA, Elsabahy M, Hammad SK. Oral proniosomalamit-
riptyline and liraglutide for management of diabetic neuropat-

hy: Exceptional control over hyperglycemia and neuropathic
pain. Int ] Pharm 2023;647:123549.

Turk J Diab Obes 2024; 1: 71-78



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Li PC, Liu LE, Jou MJ, Wang HK. The GLP-1 receptor agonists
exendin-4 and liraglutide alleviate oxidative stress and cogni-
tive and micturition deficits induced by middle cerebral artery
occlusion in diabetic mice. BMC Neurosci 2016; 17(1):37.

Turan [, Erdem S, Ergeng M, Sayan Ozagmak H. The Effects of
1,1-Dimethylbiguanide Hydrochloride (Metformin) on Det-
rusor Muscle Contractile Response in Ovariectomized Female
Rats. Turk ] Diab Obes 2022;6(2):97-103.

Lim I, Chess-Williams R. Mirabegron attenuates porcine ure-
teral contractility via al-adrenoceptor antagonism. Naunyn
Schmiedebergs Arch Pharmacol. 2022; 395(7):839-847.

Hashim H, Abrams P. Overactive bladder: an update. Curr
Opin Urol 2007;17(4):231-6.

Neu S, Matta R, Locke JA, Troke N, Tadrous M, Saskin R, Re-
bullar K, Nam R, Herschorn S. The Use of Metformin in Ove-
ractive Bladder: A Retrospective Nested Case-control, Popula-
tion-based Analysis. Urology 2023; S0090-4295(23)00871-3.

Daneshgari F, Liu G, Birder L, Hanna-Mitchell AT, Chacko S.
Diabetic bladder dysfunction: current translational knowledge.
J Urol 2009;182(6 Suppl):S18-26.

Kaplan SA, Te AE, Blaivas JG. Urodynamic findings in pa-
tients with diabetic cystopathy. ] Urol. 1995 Feb;153(2):342-4.

Chiu AF, Huang MH, Wang CC, Kuo HC. Higher glycosyla-
ted hemoglobin levels increase the risk of overactive bladder
syndrome in patients with type 2 diabetes mellitus. Int J Urol
2012;19(11):995-1001.

Deli G, Bosnyak E, Pusch G, Komoly S, Feher G. Diabetic
neuropathies: diagnosis and management. Neuroendocrino-
logy 2013; 98(4):267-80.

Evcim AS, Micili SC, Karaman M, Erbil G, Guneli E, Gidener
S, Gumustekin M. The Role of Racl on Carbachol-induced
Contractile Activity in Detrusor Smooth Muscle from Strepto-
zotocin-induced Diabetic Rats. Basic Clin Pharmacol Toxicol
2015; 116(6):476-84.

Chess-Williams R. Muscarinic receptors of the urinary blad-
der: detrusor, urothelial and prejunctional. Auton Autacoid
Pharmacol. 2002;22(3):133-45.

Miller T D, Finan B, Bloom S R, D’Alessio D, Drucker D J,
Flatt P R, Fritsche A, Gribble F, Grill H J, Habener J F, Holst |
J, Langhans W, Meier,] ], Nauck M A, Perez-Tilve D, Pocai A,
Reimann F, Sandoval D A, Schwartz T W, Tschép M H. Gluca-
gon-like peptide 1 (GLP-1). Mol Metab 2019;30: 72-130.

Turk ] Diab Obes 2024; 1: 71-78

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Colgegen AD ve Sayan Ozagmak H

Cessario ], Pierre-Louis V, Wahl ], Li Z. Empagliflozin, alone
or in combination with liraglutide, limits cell death in vit-
ro: role of oxidative stress and nitric oxide. Pharmacol Rep
2021;73(3):858-867.

Turan 1, Saglam C, Erdem S, Sayan Ozagmak H. Ovariektomi-
ze Siganlarda Liraglutid’in Kalp Fonksiyonlar1 Uzerine Etkisi.
Turk J Diab Obes. 2022;6:1-9.

Ferhatbegovi¢ L, Mr$i¢ D, Maci¢-Dzankovi¢ A. The benefits of
GLP1 receptors in cardiovascular diseases. Front Clin Diabe-
tes Healthcare. 2023; 4: 1-8

Liu Y, Zhu D, Dong G, Zeng Y, Jiang P, Xiao Y. Liverparaoxo-
nase 3 expression and the effect of liraglutide treatment in a rat
model of diabetes. Adv Clin Exp Med 2021;30(2):157-163.

Tolessa T, Gutniak M, Holst JJ, Efendic S, Hellstrom PM. Glu-
cagon-like peptide-1 retards gastric emptying and small bowel
transit in therat: effect mediated through central or enteric
nervous mechanisms. Dig Dis Sci 1998;43(10):2284-90.

Bucinskaite V, Tolessa T, Pedersen ], Rydqvist B, Zerihun L,
Holst JJ, Hellstrom PM. Receptor-mediated activation of gast-
ric vagal afferents by glucagon-like peptide-1 in the rat. Neuro-
gastroenterol Motil 2009; 21(9):978-¢78.

Imeryiiz N, Yegen BC, Bozkurt A, Coskun T, Villanueva-Pena-
carrillo ML, Ulusoy NB. Glucagon-like peptide-1 inhibits gast-
ric emptying via vagal afferent-mediated central mechanisms.
Am J Physiol. 1997;273(4):G920-7.

Nislund E, Bogefors ], Skogar S, Gryback P, Jacobsson H, Holst
JJ, Hellstrom PM. GLP-1 slows solid gastric emptying and in-
hibits insulin, glucagon, and PYY release in humans. Am ]
Physiol. 1999;277(3):R910-6.

Hellstrom PM, Hein J, Bytzer P, Bjornsson E, Kristensen J, Sc-
hambye H. Clinicaltrial: theglucagon-like peptide-1 analogue
ROSE-010 for management of acutepain in patients with ir-
ritable bowel syndrome: a randomized, placebo-controlled,
double-blind study. Aliment Pharmacol Ther 2009;29(2):198-
206.

Hotta Y, Takahashi S, Tokoro M, Naiki-Ito A, Maeda K, Kawa-
ta R, Kataoka T, Ohta Y, Hamakawa T, Takahashi S, Yasui T,
Kimura K. Anagliptin, a dipeptidyl peptidase-4 inhibitor, im-
proved bladder function and hemodynamics in rats with bi-
lateral internal iliac artery ligation. Neurourol Urodyn 2020;
39(7):1922-1929.



Tiirkiye Diyabet ve Obezite Dergisi / Turkish Journal of Diabetes and Obesity
Ozgiin Aragtirma / Original Article

Biyoelektrik Impedans Analiz ile Viicut Yag1 Yiizdesi Analizi Yapilan
Cocuk ve Addlesanlarda Geleneksel ve
Yeni Antropometrik Indekslerin Karsilagtirilmasi

Yavuz OZER' © 57, Didem GUNES KAYA?©
10rdu Universitesi, Egitim ve Aragtirma Hastanesi, Cocuk Endokrinoloji Klinigi, Ordu, Tirkiye
*[stanbul Universitesi-Cerrahpasa, Cerrahpasa Tip Fakiiltesi, Cocuk Endokrinoloji Bilim Dali, Istanbul, Tiirkiye

Bu makaleye yapilacak atif: Ozer Y ve Giineg Kaya D. Biyoelektrik impedans analiz ile viicut yag1 yiizdesi analizi yapilan gocuk ve adélesanlarda geleneksel
ve yeni antropometrik indekslerin kargilastirilmasi. Turk ] Diab Obes 2024;1: 79-87.

0z
Amag: Bu calismanin amaci, ¢ocuk ve addlesanlarda beden kiitle indeksi (BKI), bel cevresi, kalga cevresi, bel/boy orani, triponderal
kiitle indeksi (TKI), beden adipozite indeksi (BAI), pediatrik beden adipozite indeksi (BAlp), beden sekil indeksi (ABSI-addlesan),
beden yuvarlaklik indeksi (BRI), abdominal voliim indeksi (AVI) ve konisite indeksinin (KI) fazla kilolu/obeziteyi tahmin etme ve
beden yag1 ytizdesini (PBF) 6ngorme etkinliginin arastirilmasidir.

Gereg ve Yontemler: Kronik hastaligi olmayan 6-18 yas arasindaki ¢ocuk ve adélesanlar dahil edildi. Viicut kompozisyonunu
degerlendirmek igin biyoelektrik impedans analizi (BIA) referans yéntem kullanilarak olgular zayif/normal (grup 1) ve fazla kilolu/
obez (grup 2) olmak tizere 2 gruba ayrildi. Verilerin degerlendirilmesinde tanimlayici istatistikler ile bagimsiz t-testi, Mann-Whitney U
ve [slem Karakteristigi Egrisi (ROC) analizi kullanildi.

Bulgular: Calismaya toplamda 466 olgu (%58,6 kiz, %41,4 erkek) dahil edildi. Katilimcilarin ortanca yasi 13,2 (10,1-16,0) idi. BiA’ya
gore olgularin %10,7’si (n=50) zayif, %33,7’u (n=157) normal, %10,9’u (n=51) fazla kilolu iken %44,6’ti (n=208) obez idi. Ttim kohortta,
fazla kilolu/obezlerde BKI-SDS, bel cevresi, kalca evresi, bel/boy orani, TKI, BAI, BAlp, ABSI-addlesan, BRI, AVI ve Ki anlamli olarak
yiiksekti (p<0,05). Biyoelektrik impedans analizi referans alindiginda, fazla kilolu/obeziteyi ayirt etmede, BAIp [egri altinda kalan alan
(area under the curve=AUC) =0,980, %95 giiven araligi (GA)=0,959-1,000, p=0,010], BKIi-SDS (AUC=0,968, %95 GA=0,948-1,000,
p=0,004), bel ¢evresi (AUC=0,968, %95 GA=0,947-0,990, p=0,011), kalca cevresi (AUC=0,967, %95 GA=0,943-0,991, p=0,012), bel/
boy orani (AUC=0,968, %95 GA=0,946-0,990, p=0,011), TKI (AUC=0,968, %95 GA=0,947-1,000, p=0,007), BRI (AUC=0,968, %95
GA=0,947-0,990, p=0,011) ve AVI (AUC=0,969, %95 GA=0,948-0,990, p=0,011) mitkemmel performans gosterdi. Beden adiposite
indeksi iyi (AUC=0,888, %95 GA=0,842-0,934, p=0,024), ABSI-adélesan (AUC=0,745, %95 GA=0,656-0,798, p=0,036), Ki ise zayif
performans gosterdi (AUC=0,627, %95 GA=0,555-0,714, p=0,041).

Sonug: Gocuk ve adélesanlarda, PBF’yi tahmin etmek ve fazla kilolu/obeziteyi degerlendirmek icin BAIp, BKI-SDS, bel ¢evresi, kalca
cevresi, bel/boy orani, TKI, BRI ve AVT kullanilabilir.
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Ozer Y ve Giines Kaya D

Comparison of Traditional and New Anthropometric Indices in Children
and Adolescents Whose Body Fat Percentage Analysis was Performed with
Bioelectrical Impedance Analysis

ABSTRACT
Aim: The aim of this study is to investigate the predictive ability efficiency of body mass index (BMI), waist circumference, hip
circumference, waist-to-height ratio, triponderal mass index (TMI), body adiposity index (BAI), pediatric body adiposity index (BAIp),
body shape index (ABSI-adolescent), body roundness index (BRI), abdominal volume index (AVI), and conicity index (CI) in forecasting
overweight/obesity and predicting percentage of body fat (PBF) in children and adolescents.

Material and Methods: Children and adolescents aged 6-18 without chronic illnesses were included in the study. To assess body
composition, bioelectrical impedance analysis (BIA) was employed as the reference method, and the cases were categorized into two
groups: the lean/normal (Group 1) and overweight/obese (Group 2) groups. The evaluation of the data involved the use of descriptive
statistics, independent t-test, Mann-Whitney U test, and Receiver Operating Characteristic (ROC) analysis.

Results: A total of 466 cases (58.6% female, 41.4% male) were included in the study. The median age of the cases was 13.2 (10.1-
16.0) years. According to BIA, 10.7% of the cases (n=50) were classified as underweight, 33.7% (n=157) as normal weight, 10.9%
(n=51) as overweight, and 44.6% (n=208) as obese. Overweight/obese individuals exhibited significantly higher values for BMI-SDS,
waist circumference, hip circumference, waist-to-height ratio, TMI, BAI, BAIp, ABSI-adolescent, BRI, AVI, and CI (p<0.05). When
referencing bioelectrical impedance analysis, BAIp [area under the curve (AUC) =0.980, 95% confidence interval (CI)=0.959-1.000,
p=0.010], BMI-SDS (AUC=0.968, 95% CI=0.948-1.000, p=0.004), waist circumference (AUC=0.968, 95% CI=0.947-0.990, p=0.011),
hip circumference (AUC=0.967, 95% CI=0.943-0.991, p=0.012), waist-to-height ratio (AUC=0.968, 9%5 CI=0.946-0.990, p=0.011),
TMI (AUC=0.968, 95% CI=0.947-1.000, p=0.007), BRI (AUC=0.968, 95% CI=0.947-0.990, p=0.011), and AVI (AUC=0.969, 95%
CI=0.948-0.990, p=0.011) demonstrated excellent performance in distinguishing overweight/obesity. Body adiposity index showed
good performance (AUC=0.888, 95% CI=0.842-0.934, p=0.024), ABSI-adolescent (AUC=0.745, 95% CI=0.656-0.798, p=0.036), and CI
showed poor performance (AUC=0.627, 95% CI=0.555-0.714, p=0.041).

Conclusion: In children and adolescents, BAIp, BMI-SDS, waist circumference, hip circumference, waist-to-height ratio, TMI, BRI, and
AVT can be utilized to predict PBF and assess overweight/obesity.

Keywords: Children, Adolescent, Anthropometry, Body composition, Percentage of body fat

GIRIS ve yaygn olarak yontemdir. Ancak bu 6l¢lim, yag kiitlesini
yagsiz doku kiitlesinden ayirmak igin kullanilamaz (4). Ay-
rica, BK'nin yag dagilimini yeterince iyi gostermemesi ve
¢ocukluk ¢aginda biiylimeyle birlikte yag ve yagsiz doku
kiitlesinin orani yasa, cinsiyete ve hormonal olgunlagma
diizeyine gore dinamik olarak degismesi gibi bazi sinirla-
malar1 vardir (4,6,7). Bel ¢evresi ve bel/boy orani ¢ocuk ve
adolesanlarda viicut yagini degerlendirmek i¢in énerilen di-
ger antropometrik yontemlerdir (8). Giiniimiizde kullani-
lan teknik yontemler arasinda dansitometri, gift enerjili X-1-
sin1 absorpsiyometri (DXA), biyoelektrik impedans analizi
(BIA) ve hava degisim pletismografisi yer alir. Yéntemlerin
kesinligi ve dogrulugu farklilik gosterir. Niikleer manyetik
rezonans goriintiileme ve bilgisayarli tomografi gibi goriin-
tilleme teknikleri, dokulari, organlar1 veya kas ve yag doku-
su gibi bilesenleri gorsellestirme ve 6lgme yeteneklerinden
dolay giiglii araglar haline gelmistir. Ancak bu yontemler,
maliyetleri ve kullanim karmagikliklar: nedeniyle hala aras-
tirma araglari olarak kabul edilmektedir (5).

Obezite, yirmi birinci yiizyitlin en ciddi halk saglig: sorun-
larindan biri olup bulasici olmayan hastalik olarak kabul
etmektedir. Ayrica fazla yag dokusu, yasamin ilerleyen
donemlerinde kardiyovaskiiler hastaliklar, instilin direnci,
tip II diyabet, hipertansiyon, metabolik sendrom ve kanser
gibi bircok kronik hastalik i¢in bagimsiz bir risk faktortadir
(1,2). Tim diinyada obezite siklig1 artarken ¢ocuk ve adéle-
san obezitesini ele alan bir meta-analizde Tiirkiye’de obezi-
te prevalansinin 1990-1995’ten 2011-2015’e kadar 11,6 kat
artarak %0,6’dan %7,3’e atttig1 gosterildi (3).

Obezitenin degerlendirilmesinde hem klinik uygulama-
larda hem de arastirmalarda viicut kompozisyonunu de-
gerlendirmek i¢in uygun yontemlere ihtiyag vardir. Viicut
kompozisyonunu analizi i¢in temel antropometrik 6l¢im-
ler, dansitometri ve ileri goriintilleme tekniklerine kadar
farkli yontemler mevcuttur (4,5). Antropometrik yontem-
lerden viicut agirhginin (kg), boy uzunlugunun metre cin-

sinden karesine boliinmesiyle hesaplanan beden kiitle in-
deksi (BKI), obeziteyi tanimlamak i¢in kullanilan en basit
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kullanilmaktadir. Teknik olarak, viicut suyunda dolagan
kiigiik bir elektrik akiminin impedans: veya direnci ve re-
aktans degerleri araciligiyla viicut kompozisyonunu deger-
lendirir. Biyoelektrik impedans analizi yoluyla farkli bile-
senlerin tahmini, yagsiz kiitlenin %73>tintin iyi bir elektrik
iletkeni olan viicut suyu oldugunu, yag kiitlesinin ise daha
diisiik hidrasyon nedeniyle zayif bir iletken oldugunu var-
saymaktadir. Bir meta-analizde BIA tarafindan tahmin edi-
len yag kiitlesi ve yagsiz kiitle, her iki cinsiyette de referans
yontemlerle neredeyse mitkemmel bir korelasyon gosterdi-
&i bildirilmistir (9).

Cocuk ve adodlesanlarda viicut komposizyonunun deger-
lendirilmesinde referans yontemlere ulasilamadiginda veya
toplum arastirmalarinda kullanilmas: i¢in bazi alternatif
antropometrik indeksler onerilmistir. Bu indeksler arasin-
da triponderal kiitle indeksi (TKI), beden adipozite indek-
si (BAI), pediatrik beden adipozite indeksi (BAlp), beden
sekil indeksi (ABSI-adolesan), beden yuvarlaklik indeksi
(BRI), abdominal voliim indeksi (AVT), ve konisite indeksi
(K1) yer alir (10-12). Ancak, sinirh sayidaki pediatrik ¢alis-
ma, bu indekslerin kullanimi ve gecerliligi arastirmustir.

Bu calismada, ¢cocuk ve adélesanlarda beden yag: yiizdesi-
nin (PBF) belirleyicileri olarak bel ¢evresi, kalca cevresi, bel/
boy orani, BKIi-SDS, TKI, BAI, BAip, ABSI-adolesan, BRI,
AVIive KI'nin fazla kilolu/obeziteyi 6ngdrme yeteneklerinin
karsilastirilmas: ve PBF 6ngormek i¢in kullanilip kullanila-
mayacaginin arastirilmasi amaglandi.

GEREC ve YONTEMLER

Bu retrospektif ¢aligmaya, Ordu Universitesi cocuk endok-
rinoloji poliklinigine 01 Agustos 2023 -31 Ekim 2023 tarih-
leri arasinda basvuran 6-18 yas arasindaki bilinen kronik
hastalig1 olmayan ¢ocuk ve adélesan basit drnekleme yon-
temi ile dahil edildi. Ordu Universitesi, Klinik Aragtirmalar
Etik Kurulu galismay1 onayladi (Karar Numarasi: 2023/176).
Calismaya katilim igin tiim katilimcilarin ebeveynlerinden
bilgilendirilmis onam alindi. Olgular BIA’ya gore zayif/

Tablo 1: Antropometrik indeksleri hesaplama denklemleri.

normal (grup 1) ve fazla kilolu/obez (grup 2) olmak iizere
2 gruba ayrild.

Viicut Kompozisyonunun Ol¢iimleri

Katilimcilarin viicut agirligi, boy, bel cevresi ve kalca cev-
resi bir saglik uzmani tarafindan olctilda. Agirlik 6l¢timleri
kalibre edilmis 100 g hassasiyetli dijital terazi ve boylar1 0,1
cm hassasiyetli stadiyometre (SECA, model 220, Hamburg,
Germany) kullanilarak dlgiildii. Bel ¢evresi ve kalca gevre-
si, metal olmayan ve esnemeyen, 0,1 cm’ye kadar hassas bir
serit kullanilarak ol¢iildii. Bel cevresi, orta aksiller ¢izgide
kosta yayinin en alt kismu ile iliak krestin en ytiksek noktasi
arasinda ol¢tildii. Kalca gevresi, trokanter major seviyesinde
yatay olarak 6lgiildii. Tablo 1’de BKI, TKI, BAI, BAlp, AB-
SI-adélesan, BRI, AVI ve Ki’nin hesaplandigi denklemler
gosterilmektedir (10-12).

Yaga ve cinsiyete gére BKI <5. persentil zayif, >5-<85. per-
sentil normal kilo, >85-<95 persentil fazla kilolu, >95 per-
sentil degerleri obezite olarak tanimlandi (13). Biyoelektrik
impedans analizi, PBF 6l¢timii i¢in referans yontem olarak
degerlendirildi. Beden yag yiizdesi (%), Tanita MC-780 MA
(Tanita Corporation, Tokyo, Japonya) ile 6l¢iildii. Bu yon-
tem, diisiik yogunluklu bir elektrik akiminin aktig1 viicudun
belirli dokulari i¢in farkl olan elektrik direncini degerlendi-
rir. Katilimciya ait yas, cinsiyet ve boy bilgileri saglik ¢alisa-
n1 tarafindan girildi. Bu yeni gelistirilen teknoloji ve ¢esitli
yaglanma seviyelerindeki ¢ocuklarda dogrulanmis olup, iyi
diizeyde bir gegerlilik gostermektedir (14,15).

Yasa ve cinsiyete Ozgii viicut yagr <85. persentil normal,
>85-<95 persentil fazla kilolu ve 295 persentil degerleri obe-
zite olarak tanimlandi. Beden yag yiizdesini degerlendirmek
i¢in Tirk cocuklar: icin gelistirilen persentil egrileri kulla-
nildi (16).

istatistiksel Analiz

Veri degerlendirmesi ve analizi igin IBM SPSS Statistics, Sii-
rim 21.0 yazilimi (IBM Corp., Armonk, NY, ABD) kulla-

Antropometrik indeks Denklem

Beden Kiitle Indeksi BKI Agirlik (kg)/boy (cm)?

Tri ponderal Kiitle Indeksi TKi Agirlik (kg)/boy (cm)?

Beden Adiposite Indeksi BAI (KC (cm)/boy (m)**) - 18

Pediatrik Beden Adiposite Indeksi BAlp (KC (cm)/boy (m)*®) - 38

Beden Sekil Indeksi-adélesan ABSI-adolesan BC (m)/(BKI (kg/m?)** x boy (m)**)

Body Yuvarlaklik indeksi BRI 364,2-365,5 x (1-((0,5 x BC (m)/m)?/(0,5 x boy (m))?))**
Abdominal Voliim Indeksi AVI [2 cm (BC (cm))?+0,7 cm (BC (cm) — KC (cm))?]/1,000
Konisite Indeksi Ki 0,109 x BG (m) x (agirlik [kg]/boy [m])"?

KC: Kalca cevresi, BC: Bel gevresi, kg: Kilogram, cm: Santimetre, m: Metre
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nildi. Kategorik degiskenler frekans (n) ve yiizde (%) olarak,
sayisal degiskenler ise ortanca (25p-75p) veya ortalamazts-
tandart sapma degerleri olarak sunulmustur. Normalligi
degerlendirmek i¢in Kolmogorov-Smirnov testi kullanildi.
Kategorik degiskenlerin karsilastirilmasinda ki-kare testi
kullanildi. Normal dagilim gosteren siirekli degiskenlerin
karsilagtirilmast igin bagimsiz t-testi ve normal dagilim
gostermeyen siirekli degiskenler Mann-Whitney U testi ile
kargilastirildi. Fazla kilolu/obeziteye iliskin antropometrik
indekslerin egri altindaki alan1 (AUC), kesme degerini, du-
yarliligini ve ézgiilliigiinii degerlendirmek igin Islem Karak-
teristigi Egrisi (ROC) analizi kullanildi. Beden yag yiizdesi
ile antropometrik ve laboratuvar parametreleri arasindaki
iligskiyi degerlendirmek icin Spearman korelasyon analizi

Ozer Y ve Giines Kaya D

kullanildi. Istatistiksel testlerin anlamlilik diizeyi p<0,05
olarak belirlendi.

BULGULAR

Calismaya toplamda 466 olgu (%58,6 kiz ve %41,4 erkek)
dahil edildi. Katilimcilarin ortanca yast 13,2 (10,1-16,0) yil
idi. Biyoelektrik impedans analizi sonuglarina gére olgula-
rin %10,7’si (n=50) zayif, %33,7’u (n=157) normal, %10,9’u
(n=51) fazla kilolu iken %44,6’ti (n=208) obez idi. Gruplar
arasinda yas ve cinsiyet acisindan fark saptanmadi. Tiim
kohortta, BIA’ya gore fazla kilolu/obezlerde BKI-SDS, bel
cevresi, kalca cevresi, bel/boy orani, TKI, BAI, BAlp, AB-
SI-adélesan, BRI, AVI ve KI anlamli olarak yiiksekti (Tablo
2).

Tablo 2: Zayif/normal ile fazla kilo/obez gruplarin demografik, antropometrik ve laboratuvar parametrelerinin karsilagtirilmasi.

Toplam (n=466) Zayif/Normal (Grup 1) (n=208) Fazla kilolu/Obez (Grup 2) (n=258) p degeri

Yas (yil) * 13,2 (10,1-16,0) 13,0 (9,4-15,6) 13,4 (10,5-16,1) 0,094
Erkek/kiz, n (%) * 273/193 (58,6/41,4) 114/94 (54,8/45,2) 159/99 (61,6/38,4) 0,137
Agirhik-SDS * 1,09 (-0,49-2,45) -0,70 (-1,75-0,36) 2,25 (1,44-3,23) <0,001
Boy-SDS * 0,30 (-0,65-1,05) 0,02 (-1,08-0,88) 0,49 (-0,39-1,24) <0,001
BKI-SDS * 1,18 (-0,84-2,39) -1,03 (-1,99-0,26) 2,22 (1,62-2,78) <0,001
Bel cevresi (cm) * 90,0 (58,0-102,0) 55,0 (52,0-63,0) 99,5 (92,8-108,3) <0,001
Kalca cevresi (cm) * 105,0 (67,0-112,0) 64,0 (60,0-69,0) 110,0 (105,0-118,3) <0,001
Bel/boy orani * 0,55 (0,46-0,62) 0,44 (0,41-0,48) 0,61 (0,57-0,64) <0,001
BAI* 32,2 (27,7-36,6) 25,7 (22,6-29,8) 34,8 (32,0-37,9) <0,001
BAlp * 31,7 (17,2-38,1) 14,9 (12,1-18,5) 35,8 (32,7-40,3) <0,001
ABSI-adolesan * 0,16 (0,15-0,16) 0,15 (0,14-0,16) 0,16 (0,15-0,17) <0,001
BRI * 4,35 (2,66-5,70) 2,27 (1,88-2,86) 5,48 (4,67-6,05) <0,001
AVI * 16,47 (6,70-20,56) 6,08 (5,46-8,02) 19,91 (17,17-23,58) <0,001
Ki * 1,24 (1,18-1,30) 1,21 (1,14-1,28) 1,26 (1,20-1,31) 0,002
TKi * 14,84 (11,97-18,16) 11,69 (10,68-13,13) 17,79 (16,15-20,16) <0,001
Beden yag ytizdesi (%) * 29,4 (20,4-36,5) 20,0 (16,8-23,9) 36,0 (32,0-40,1) <0,001
Aglik glukoz (mg/dl) * 84,82+8,77 84,28+7,81 85,04+9,17 0,650
Aclik insiilin (mIU/ml) * 18,0 (12,1-23,9) 11,3 (7,87-21,2) 18,20 (15,0-25,70) 0,001
HOMA-IR * 4,3 (2,4-5,0) 2,34 (1,77-3,78) 3,97 (3,10-5,68) 0,001
ALT (IU/L) * 14,0 (11,0-21,0) 13,0 (11,0-15,7) 17,0 (13,0-24,0) <0,001
AST (IU/L) * 20,2 (15,8-25,4) 20,1 (15,0-25,1) 20,2 (16,6-25,9) 0,427
Total Kolesterol (mg/dl) ** 15,1£30,0 155,9+33,9 158,0+26,7 0,482
LDL-K (mg/dl) ** 93,5+25,7 92,3+27,9 94,4+23,9 0,416
HDL-K (mg/dl) ** 53,4+13,5 56,3+13,2 51,3+13,4 <0,001
Trigliserid (mg/dl) ** 108,7+£59,8 104,1£58,2 112,2+60,8 0,175
TG/HDL * 1,83 (1,18-2,87) 1,54 (1,09-2,42) 1,90 (1,28-3,19) 0,004

SDS: Standart sapma skoru, BKi: Beden kiitle indeksi, BAI: Beden adiposite indeksi, ABSI-adélesan: Beden sekil indeksi-adolesan, BRI: Beden
yuvarlaklik indeksi, AVi: Abdominal voliim indeksi, Ki: Konisite indeksi, TK1: Tri-ponderal kiitle indeksi, HOMA-IR: Homeostasis model assessment
-insulin resistance indeksi, ALT: Alanin aminotransferaz, AST: Aspartat transferaz, LDL-K: Diisiik dansiteli lipoprotein kolesterol, HDL-K: Yiiksek

dansiteli lipoprotein kolesterol, TG/HDL: Trigliserid/HDL-K.

*Veriler ortanca (25p-75p) degerler olarak verilmistir. ** Veriler ortalama + standart sapma olarak verilmistir.
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Cinsiyete gore degerlendirildiginde hem kizlarda hem de
erkeklerde Ki harig tiim indeksler grup 2’de grup 1’e gore
anlamli olarak yiiksek idi (hepsi i¢in p<0,001). KI erkek-
lerde grup 2’de grup 1’e gore anlaml olarak yiiksek iken
(p<0,001), kizlarda grup 1 ve grup 2 arasinda anlaml fark
yoktu (p=0,103) (Tablo 3).

Tiim kohortta, fazla kilolu/obeziteyi tahmin etmeye yonelik
ROC egrisi analizine dayanarak, BKI-SDS, bel gevresi, kalca
cevresi, bel/boy orani, TKI, BAI, BAlp ABSI-adélesan, BRI,
AVI ve K1 fazla kilolu/obezite ile iliskilendirildi. Her bir pa-
rametre i¢in, %95 GA ile AUC, optimal kesme noktasindaki
duyarlilik ve 6zgiilliik su sekildedir: BAlp, 27,61°de 0,980
(0,959-1,000), %95,31 ve %98,7; BKi-SDS, 1,04’de 0,968
(0,948-1,000), %89,15 ve %93,75; bel/boy orani, 0,53’de
0,968 (0,946-0,990), %90,62 ve %94,81; TKI, 14,43’de 0,968
(0,947-1,000), %89,15 ve %91,83; BRI, 3,86’de 0,967 (0,947-
0,990), %90,48 ve %94,81; BAI, 31,14’de 0,888 (0,842-0,934),
%79,69 ve %84,42; AV1, 39,52’de 0,860 (0,948-0,990), %85,0
ve %76,6; ABSI-addlesan, 0,15°de 0,745 (0,656-0,798),
%79,69 ve %59,74; K1, 1,22°de 0,627 (0,555-0,714), %68,8 ve
%53,25 idi (Tablo 4 ve Sekil 1).

Biyoelektrik impedans analizi referans alindiginda, fazla
kilolu/obeziteyi ayirt etmede, BAlIp, BKI-SDS, bel cevresi,
kal¢a gevresi, bel/boy orani, TKI, BRI ve AVI tiim kohort-
ta, kizlarda ve erkeklerde mitkemmel performans gosterdi.
Beden adiposite indeksi, kizlarda mitkemmel performans
gosterirken, tim kohortta ve erkeklerde iyi performans gos-

ROC Curve

Source of the
uve

~ BKi-SDS

— Bel gevresi
Kalga gevresi

— Bel/boy orani
ABSl-adolesan

Sensitivity

0,24

00 T T T T
00 02 04 06 08 10

1 - Specificity

Diagonal segments are produced by ties.

Sekil 1: Cocuk ve addlesanlarda agir1 kilo/obeziteyi tanimlamak
icin BAIp, BKI-SDS, bel cevresi, kalca gevresi, bel/boy orani, TKI,
BRI, BAI, ABSI-addlesan, AVI ve KI performansini gésteren ROC
egrisi.

BKI-SDS: Beden kiitle indeksi - standart sapma skoru, ABSI-
adolesan: Beden sekil indeksi-adolesan, BRI: Beden yuvarlaklik
indeksi, AVI: Abdominal voliim indeksi, Ki: Konisite indeksi,
TKIi: Tri-ponderal kiitle indeksi, BAI: Beden adiposite indeksi,
BAIp: Pediatrik beden adiposite indeksi.

Tablo 3: Cinsiyete gore zayif/normal ile fazla kilo/obez gruplarin antropometrik parametrelerinin karsilastirilmasi.

Kiz Erkek
Zayif/Normal Fazla kilolu/Obez P Zayif/Normal Fazla kilolu/Obez P

(Grup 1) (n=94) (Grup 1) (n=98) degeri (Grup 1) (n=114) (Grup 1) (n=159) degeri
Yas (y1l) * 13,0 (9,7-16,2) 13,7 (10,2-16,4) 0,360 13,0 (9,2-15,0) 13,0 (10,7-15,2) 0,182
Agirlik-SDS * -0,82 (-1,78-0,34) 2,45 (1,67-3,47) <0,001  -0,43 (-1,68-0,37) 2,11 (1,27-2,83) <0,001
Boy-SDS * -0,06 (-1,13-0,76) 0,40 (-0,51-1,19) 0,003 0,02 (-0,97-0,90) 0,64 (-0,02-1,31) 0,008
BKi-SDS * -0,98 (-2,07-0,18) 2,43 (1,72-2,43) <0,001  -1,12(-1,82-0,27) 2,10 (1,57-2,57) <0,001
Bel gevresi (cm) * 55,0 (53,0-58,0) 99,0 (90,0-103,0) <0,001 57,0 (51,0-67,0) 104,0 (95,0-111,0) <0,001
Kalca cevresi (cm) * 64,5 (60,8-69,0) 110,0 (105,0-115,0)  <0,001 64,0 (57,0-70,0) 113,0 (106,0-120,0)  <0,001
Bel/boy orani * 0,43 (0,40-0,47) 0,61 (0,55-0,64) <0,001 0,46 (0,43-0,48) 0,61 (0,58-0,65) <0,001
BAI* 25,68 (22,06-29,74) 3527 (32,97-38,51)  <0,001 25,91 (22,60-30,08) 34,66 (30,03-37,57)  <0,001
BAlp * 14,80 (11,01-17,47) 36,33 (34,09-39,84)  <0,001 15,88 (12,43-20,15) 35,57 (33,66-40,77)  <0,001
ABSI-adolesan * 0,14 (0,14-0,16) 0,16 (0,15-0,16) <0,001 0,15 (0,15-0,16) 0,16 (0,16-0,17) <0,001
BRI * 2,17 (1,70-2,79) 5,52 (4,35-6,17) <0,001 2,65 (2,08-3,03) 5,51 (4,83-6,48) <0,001
AVI* 6,05 (5,63-6,75) 19,64 (16,27-21,24)  <0,001 6,50 (5,40-8,98) 21,69 (18,13-24,75)  <0,001
Ki* 1,20 (1,11-1,28) 1,24 (1,17-1,28) 0,103 1,23 (1,18-1,28) 1,30 (1,25-1,35) <0,001
TKI * 11,70 (10,68-13,36) 18,06 (16,38-20,53)  <0,001 11,42 (10,53-12,92) 17,54 (15,70-19,57)  <0,001

BKI-SDS: Beden kiitle indeksi-standart sapma skoru, BAI: Beden adiposite indeksi, ABSI-adolesan: Beden sekil indeksi-adolesan, BRI: Beden
yuvarlaklik indeksi, AVi: Abdominal voliim indeksi, Ki: Konisite indeksi, TKi: Tri-ponderal kiitle indeksi. *Veriler ortanca (25p-75p) degerler olarak

verilmistir.
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Tablo 4: ROC egrisine gore BAlIp, BKI-SDS, bel gevresi, kal¢a gevresi, bel/boy orani, TKI, BRI, BAI, ABSI-addlesan, AVI ve KI igin
kesme degeri, duyarlilik, PPD, NPD, Youden indeksi, GA, AUC ve p degerlerinin karsilastirilmasi.

Kesme Duyariik  Ozgiilliik PPD NPD Youden  Giiven aralig: AUC P

degeri (%) (%) (%) (%) indeksi (%95) degeri
BAlp 27,61 95,31 98,7 99,19 92,68 0,940 0,959-1,000 0,980 0,010
BKi-SDS 1,04 89,15 93,75 94,65 87,44 0,829 0,948-1,000 0,968 0,004
Bel ¢evresi 76,0 94,53 92,21 95,28 91,03 0,867 0,947-0,990 0,968 0,011
Kalga cevresi 92,0 92,97 92,21 95,2 88,75 0,860 0,943-0,991 0,967 0,012
Bel/boy orani 0,53 90,62 94,81 96,67 85,88 0,854 0,946-0,990 0,968 0,011
TKI1 14,45 89,15 92,31 93,5 87,27 0,815 0,947-1,000 0,968 0,007
BRI 3,86 90,62 93,51 95,87 85,88 0,854 0,947-0,990 0,968 0,011
BAI 31,14 79,69 84,42 89,47 71,43 0,641 0,842-0,934 0,888 0,024
ABSI-ad6lesan 0,15 79,69 59,74 76,69 63,89 0,394 0,656-0,798 0,745 0,036
AVi 11,54 96,09 92,21 95,35 93,42 0,883 0,948-0,990 0,969 0,011
Ki 1,23 64,84 58,44 72,17 50,0 0,233 0,555-0,714 0,627 0,041

PPD: Pozitif prediktif degeri, NPD: Negatif prediktif degeri, AUC: Egri altindaki alan, BAip: Pediatrik beden adiposite indeksi, BKI-SDS: Beden kiitle
indeksi - standart sapma skoru, TKI: Tri-ponderal kiitle indeksi, BRI: Beden yuvarlaklik indeksi, BAI: Beden adiposite indeksi, ABSI-adélesan: Beden

sekil indeksi-adolesan, AVi: Abdominal voliim indeksi, Ki: Konisite indeksi

terdi. Konisite indeksi, erkeklerde orta performans ve tiim
kohortta zayif performans gosterirken, kizlarda basarisiz idi
(Tablo 4 ve Sekil 1).

Beden yag yiizdesi, agirlik SDS (rho=0,837, p<0,001), BKI-
SDS (rho=0,887, p<0,001), BAlp (rho=0,816, p<0,001)
ve TKI (rho=0,886, p<0,001) ¢ok gliclii korele, bel cevresi
(rho=0,737, p<0,001), kalca gevresi (rho=0,751, p<0,001),
bel/boy orani (rho=0,789, p<0,001), BAI (rho=0,717,
p<0,001), BRI (rho=0,789, p<0,001) ve AVI (rho=0,741,
p<0,001) ile giiglit korele ve ABSI-adélesan (rho=0,412,
p<0,001) ile orta derecede korele iken KI (rho=0,126,
p=0,073) ile korele degildi.

TARTISMA

Bu ¢alismada, TKI, BAI, BAlp, ABSI-adélesan, BRI, AVi
ve KI gibi farkli antropometrik indekslerin ¢ocuk ve adé-
lesanlarda fazla kilolu/obeziteyi tahmin etme kapasitesinin
arastirilmasi amacglandi. Cocuk ve adolesanlarin PBF’sini
tahmin etmek icin, denklemlerde agirlik ve boyun yanin-
da BKI-SDS, bel cevresi ve kalga gevresinin kullanildig:
cesitli indeksler degerlendirildi. Pediatrik popiilasyonda,
BKI-SDS’nin PBF i¢in yetersiz oldugu bilinmesine ragmen
(4,6,7), referans yontemlere ulasmanin zor oldugu durum-
larda BKI-SDS, BAIp, bel cevresi, kalga gevresi, bel/boy ora-
n1, TKI, BRI ve AVI’nin PBF’yi tahmin etmede giiclii gos-
tergeler oldugunu bulduk.

Giintimiizde, obezite taramasinda en yaygin olarak cinsiye-
te ve yasa 6zel BKI-SDS veya persentiller kullanilmaktadir.
Cocukluk dénemindeki hizli degisen dinamigi nedeniyle
BKI ile viicut kompozisyonunun degerlendirilmesi zordur
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(17). BKI-SDS’ye gére obez olmayan ancak PBF’e gore obez
olan bireylerde kardiyometabolik risk faktorlerinin yitksek
olmasi goz oniine alindiginda, viicut kompozisyonu 6l¢iim-
lerinin degerlendirmesi rutin medikal uygulamalara dahil
edilmelidir (18). Cocuklarda, obezite taramast i¢in bel ¢ev-
resi ve bel-boy oraninin birincil dl¢iiler olarak kullanilma-
s1 tartismalidir. Ancak, viicut yagina iligkin antropometrik
gostergelerin degerlendirildigi bir meta-analizde, referans
yontemleri ile kargilagtirildiginda BKI, bel gevresi ve bel/
boy oraninin, saghik uzmanlar1 tarafindan ¢ocuklarda ve
adolesanlarda PBFi degerlendirmek i¢in kullanilabilecegi
bildirilmistir (8).

Calismamizda, PBF’i tahmin etmede AUClerinin benzer
olmasi ve PBF ile korelasyon katsayilarinin benzer olmast
nedeniyle TKi'nin BKI-SDS’ye iistiin olmamakla birlikte
benzer performans gosterdigini bulduk. Oysa Peterson ve
ark, TKI’nin fazla kiloluk durumunu daha az yanls sinif-
landirmasi, erkek ¢ocuklarda viicut yag diizeylerini daha iyi
tahmin etmesi ve ad6lesan doneminde sabit olmasi nedeniy-
le BKI-SDSye gore daha iistiin oldugunu bildirmistir (19).
De Lorenzo ve ark., AUC kargilagtirmasindan TKI’nin ¢o-
cuklarda ve addlesanlarda yiiksek yaglanmay1 BKI-SDS’den
daha dogru tespit ettigini gostermistir (20). Bu sonuglarin
farkli olmasi, ¢alismamizdaki Orneklem biyiikligiiniin
daha az olmasindan ve yine ayni nedenle yas ve cinsiyete
gore alt gruplarin analiz edilememesinden kaynaklanabilir.
Puberte ile birlikte degerlendirildiginde Ye ve ark. obezite
taramast i¢in ¢ocuklarda (6-11 yas) BKi-SDS, adolesanlarda
(12-17 yas) TKI daha uygun indeksler oldugunu bildirmis-
lerdir (21). Bunu destekleyen diger bir calismada, Wang ve
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ark. ge¢ adolesan doneminde (16-18 yas) fazla kilolu/obezi-
tenin ongodriilmesinde TKI'nin daha yiiksek AUC nedeniyle
BKI-SDS’ye alternatif tarama araci olabilecegini gostermis-
tir (17). Ozyildirim ve ark. TKI’nin, PBF ile; BKI-SDS’nin
ise, yag kiitlesi ile daha fazla korelasyon gostermesi nedeniy-
le TKI'nin, PBF tahmininde daha avantajli oldugunu bildir-
mistir (22). Bizim ¢alismamizda, TKI ve BKI-SDS’nin PBF
ile korele olmakla birlikte korelasyon katsayilarinin farkl
olmamasi, birbirlerine tistiin olmadiklarini gostermektedir.
Diger yandan, sistematik bir incelemede TKi’nin ¢ocuklar
ve addlesanlarda PBF’i tahmin etmede BKI-SDS’ye benzer
veya daha iyi bir yetenege sahip oldugunu bildiren bir ¢a-
lismada, TKI'nin insiilin direnci, hipertansiyon, dislipide-
mi ve inflamasyonun yani sira spesifik kardiyovaskiiler risk
faktorlerini tanimlamak igin BKI-SDS’den daha iyi perfor-
mans gostermedigi sonucuna varimistir (23).

Beden adipozite indeksi, kalga ¢evresi ve boy 6l¢timlerini
kullanilarak degerlendirilen yeni bir antropometrik indeks-
tir (24). Calismamizda BAIp’nin, PBF’i tahmin etmede en
yitksek AUC'ye sahip oldugunu bulduk. Ancak BKI-SDS
ile benzer performans gosterdigi i¢in tistiin oldugunu gos-
teremedik. Caliymamiz ile uyumlu olarak BAI ve BAIp’nin,
obez adélesanlarin PBF’yi tahmin etmede BKI-SDS’den
daha iyi bir tahmin saglamadig: bildirilmistir (25). El Aar-
baoui ve ark. BAI nin etkinligini ve pediatrik popiilasyon
i¢in dogrulugunu kanitlamak amaciyla 5-12 yas arast birey-
leri BIA referans alarak degerlendirdigi calismada, BAT'nin
bu yas grubunda PBF’yi oldugundan fazla tahmin ettigini,
ancak BAIp’nin ise ¢cocuklarin PBF tahmini i¢in kabul edile-
bilir bir dogrulukta oldugu gosterilmistir (26). Daha 6nceki
caligmalarla uyumlu olarak hem BAI nin hem de BAIp nin,
referans yontemler ile tanimlanan PBF ile anlamli diizeyde
korele oldugunu saptadik (27,28). Ancak, cocuk ve adole-
sanlarda, BAI ve BAlp’nin, DXA ile elde edilen PBF diigiik
uyum gosterdigi goriildii; bu nedenle viicut kompozisyo-
nu verilerinin yorumlanmasinda dikkatli olunmalidir (24).
Eriskinlerde de referans yontemlerine gore BAI'nin PBFyi
erkeklerde fazla, kadinlarda ise eksik tahmin ettigini goste-
rilmistir. Bu nedenle referans yontemlerin yerini almadigi-
ni, ancak referans yontemlerin yoklugunda PBF’yi tahmin
etmek igin bir alternatif yontem olarak kullanilabilecegi bil-
dirilmistir (29).

Literatiirde, BRI ile viicut kompozisyonunun degerlendiril-
digi cocuk ve addlesanlarda yapilmis sinirli sayida ¢alisma
bulunmaktadir. 10-19 yas arasindaki 1188 addlesan, DXA
referans alinarak fazla yag dokusunu tahmin etmek igin
degerlendirilmis, ROC egrilerinin analizi sonucunda genel
olarak BKI, bel/boy orani, BAI ve BRI i¢in ¢ok iyi veya mii-
kemmel (>0.8) performans sergiledigi bildirilmistir. Ancak,
BRI'nin diger indekslere kars1 iistinligt gosterilememistir

(30). Universite 6grencileri arasinda BKI-SDS, bel cevresi,
bel-boy orani ve BRI ile PBF arasinda yiiksek korelasyon
bildirilmistir; bu 6lgiimlerin arasinda BKI-SDS en yiiksek
korelasyon katsayisina sahiptir (31). Ayrica, obez ¢ocuklar-
da metabolik sendromu éngdrmek icin BRI'nin BKI-SDS’ye
ustlinliigii gosterilememistir (32). Diger yandan, BRI, ado-
lesanlarda hipertansiyon, dislipidemi, abdominal obezite ve
kiimtlatif kardiyometabolik risk faktorleri tanimlamak igin
Onerilmektedir (10).

Beden gekil indeksi, yetiskinlerde énerilen BKI ve boy i¢in
bel gevresini standardize eden bir indekstir. Adolesanlar
icin ABSI-adolesan 6nerilmektedir (33). Beden sekil indeksi,
BKI, yas ve cinsiyete gore diizeltildiginde kan basinci ve ag-
lik kan sekeri ile iligkilendirildi (34). Ancak, 7-17 yas arasin-
daki genglerde, kardiyometabolik risk faktorlerini tanimla-
mak i¢in ABSI'nin iyi belirleyici olmadigini bildirildi (10).
Ispanya’da 981 adélesanin degerlendirildigi bir calismada
PBF’yi tahmin etmek i¢in kullanilan BRI, BKI, BAI, BAlp,
K1, bel/kalga orani, bel/boy orani ve ABSI’ye gore bel gevresi
ve AVI en yitksek AUC ile metabolik sendromu en iyi ayirt
eden antropometrik indekslerdi (35). Abdominal yag dag-
limin1 degerlendirmek igin alternatif bir yéntem olarak Ki
onerilmistir (36). Ancak, DXA referans alindiginda 3-19 yas
arasinda degisen 580 ¢ocuk ve addlesanin degerlendirildigi
bir calismada, govde yag kiitlesi indeksi olarak bel gevresine
gbre K’nin iistiinliigii gosterilemedi (37) ve obeziteyi teshis
etmek i¢in “orta derecede dogru” oldugunu bildirilmigtir
(12). Calismamizla uyumlu olarak, diger calismalarda da
KI nin PBF’yi tahmin etmede iyi performans gosteremedigi
bildirilmistir(30).

Bu ¢aligmanin sinirlamalar1 6rneklem sayisinin az olma-
sidir. Ayrica bu ¢aligmanin 6rneklemi yalnizca hastaneye
bagvuran ¢ocuk ve adélesanlar: icermektedir. Bu nedenle,
agirlik durumu daha genis bir aralikta olan pediatrik popii-
lasyonlara genelleme yapmak zordur. Cocuk ve adélesan-
larda obezite salgini ve buna bagli morbiditeler gz 6ntine
alindiginda, klinik ve arastirma amagli kullanim igin ucuz,
etkili ve dogru bir viicut kompozisyonu dl¢timii gelistirmek
i¢in daha fazla arastirmaya ihtiyag vardir.

Sonug olarak, cocuk ve adélesanlarda BAip, BKi-SDS, bel
cevresi, kalca cevresi, bel/boy orani, TKI, BRI ve AVI'nin
fazla kilolu ve obeziteyi BIA kadar iyi degerlendirecegini
varsayilyoruz. Bu caligmada bildirilen ol¢timler arasindan
BAlp, BKI-SDS, bel cevresi, kalca ¢evresi, bel/boy orani,
TKI, BRI ve AVI fazla kilolu/obez ¢ocuk ve adélesanlarda
PBF’nin en basit ve en dogru belirleyicisi olabilir.
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ABSTRACT
Aim: This research aims to investigate the factors influencing the school experiences of children with Type 1 Diabetes.

Material and Methods: The descriptive and cross-sectional study was conducted with 100 children aged 7-12, diagnosed with Type 1
diabetes mellitus. Research data was collected using the "Diabetes Management at School: Child Questionnaire." Descriptive statistics
and chi-square tests were used for data analysis.

Results: There is a relationship between children's age and receiving assistance with insulin pump application at school (t=21.782,
p<0.05). There was no significant relationship between children's HbAlc levels and missing school due to diabetes-related issues
(t=0.410, p>0.05). A significant relationship was found between the age at first diabetes diagnosis and missing school due to diabetes-
related issues (t=5.141, p<0.05). There is a significant relationship between children's HbAlc levels and experiencing failure at school
due to diabetes (t= 16.504, p<0.05). A significant relationship exists between children's age at first diabetes diagnosis and experiencing
failure at school due to diabetes (t=16.504 (p<0.05).

Conclusion: 50% of those diagnosed with diabetes between ages 0-5 had to miss school due to diabetes-related reasons. 75% of those
with poor HbA1c levels experienced failure at school due to diabetes. Children diagnosed with diabetes before the age of five experienced
more failure at school. This study concludes that HbAlc level and age at diagnosis are significant factors affecting a child's school
attendance and performance. Education planning for the child, family, and school personnel, active involvement of school nurses in
education planning, and implementing education programs from the time of diagnosis are recommended.

Keywords: Child, Type 1 diabetes mellitus, School experience, Nursing

7-12 Yas Tip 1 Diyabetli Cocuklarin Okul Yasantisini Etkileyen Faktorlerin
Belirlenmesi: Bir Universite Hastanesi Ornegi

0z
Amag: Bu arastirmanin amaci Tip 1 diabetes mellitus tanili gocuklarin okul yasantisini etkileyen faktorlerin incelenmesidir.
Gereg¢ ve Yontemler: Tanimlayici ve kesitsel tipteki ¢alisma, Tip 1 Diyabet tanili 7-12 yagindaki 100 ¢ocukla yiritildi. Arastirma

verileri “Okulda Diyabet Yonetimi: Cocuk Soru Formu” ile topland. Verilerin degerlendirilmesinde tanimlayicr istatistikler ve ki-kare
testleri kullanildi.

Bulgular: Cocuklarin yasi ile okulda insiilin pompa uygulamasinda yardim alma durumu arasinda bir iligki vardir (t=21.782, p<0.05).
Cocuklarin HbAlc diizeyi ile diyabete bagl okula ara verme/devamsizlik yapma durumlari arasinda anlaml bir iligki yoktu (t=0.410,
p>0.05). Cocuklarin ilk diyabet tan1 alma yas1 ile diyabete bagli okula ara verme / devamsizlik yapma durumlar arasinda anlamli bir
iligki vard (t=5.141, p<0.05). Cocuklarin HbAlc diizeyi ile diyabete bagli okulda basarisizlik yasama durumlar: arasinda anlaml bir
iligki vardi (t= 16.504, p<0.05). Cocuklarin ilk diyabet tan1 alma yasi ile diyabete bagh okulda basarisizlik yasama durumlar: arasinda
anlamli bir iliski vard1 (t=16.504 (p<0.05).
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School Life of Children with Diabetes

Sonug: {lk diyabet tanisini 0-5 yas arasinda alanlarin %50’si diyabete bagli olarak okula ara verme/devamsizlik yaptig1 belirlendi. HbAlc
diizeyi kotii olanlarin ise %75’ inin diyabete bagli olarak okulda bagarisizlik yasadiklar1 belirlendi. Ik diyabet tani alma yas1 bes yasindan
daha erken olan ¢ocuklarin okulda basarisizlik yasama durumlar: daha fazla idi. Bu ¢aliyma sonucunda HbAlc degeri ve tani alma
yasinin, ¢ocugun okula devamsizlik siiresini ve okuldaki bagarisini etkileyen 6nemli faktorler olarak belirlenmistir. Cocuga, aileye ve
okul personellerine egitim planlanmasi, egitim programi ve danigmanlik konularinda okul hemsirelerinin aktif rol almasi ve egitim

programlarinin tani anindan itibaren uygulanmasi nerilmektedir.

Anahtar Sozciikler: Cocuk, Tip 1 diabetes mellitus, Okul yasantisi, Hemsgirelik

INTRODUCTION

Type 1 Diabetes is the most difficult disease to control, and
one of the most important treatment goals of Type 1 Di-
abetes is to keep the glycemic level at a level close to the
normal glycemic level and to prevent or delay long-term di-
abetes complications (1). Type 1 diabetes mellitus may vary
depending on geographical regions, countries, and even
cities (2). According to the American Diabetes Association
(ADA) data from 2019, there are approximately 1.25 million
individuals with Type 1 Diabetes in the United States, and it
has been determined that about 40,000 people are newly di-
agnosed with diabetes each year (3). According to the 10th
Diabetes Atlas data from the International Diabetes Federa-
tion (IDF), there are approximately 1.52 million individuals
with Type 1 Diabetes worldwide. In Turkey, approximately
29,000 children and adolescents (0-19 years) with Type 1
Diabetes (4). According to the first study reporting the inci-
dence and prevalence of Type 1 Diabetes in our country, it
has been determined that approximately 2,500 children and
adolescents (0-18 years) are diagnosed with Type 1 Diabe-
tes each year (5). In Turkey, it is stated that there is Type 1
Diabetes in 27 out of every 1000 children. Type 1 Diabetes
constitutes approximately 3-5% of all cases nationwide, with
90% being children under 18 (6). Globally, the increasing
burden of diabetes is a significant public health issue that
imposes unsustainable demands on individuals, caregivers,
healthcare systems, and society (7).

Effective disease management is crucial in children with
Type 1 Diabetes. Failure to manage it effectively can lead
to disruptions in the child’s quality of life, including symp-
toms related to the disease and treatment, the necessity for
long-term monitoring and controls dictated by the nature of
the condition, daily insulin applications, and routine blood
glucose monitoring (8,9). Particularly, if a child receives a
diabetes diagnosis during their school-age years, this can
further negatively impact their daily life. This is because
school is an institution where a child gains independence,
develops productivity and initiative, and experiences a sense
of achievement. Children diagnosed with diabetes may en-
counter difficulties related to their diagnosis and treatment.

The importance of maintaining tight glycemic control in
children with diabetes should be well known, and medical
diet therapy, exercise, and health strategies should be ap-
plied correctly and regularly to achieve the desired results
(10). For example, one of the most common problems en-
countered by children with Type 1 Diabetes is hypoglycemia,
which is an acute complication of Type 1 Diabetes. Hypo-
glycemia is defined as a blood glucose level falling below
70 mg/dl (10). Being aware of the signs and symptoms of
hypoglycemia attacks for children with Type 1 Diabetes and
their parents and knowing the practices to be followed in
these attacks will prevent the quality-of-life children and ad-
olescents from being negatively affected (10). Many studies
have also shown a positive relationship between glycemic
control and health-related quality of life (11). The diabetes
nurse, who meets and monitors the diabetic child and her/
his family more frequently, is one of the critical people who
positively affects the child/adolescent’s quality of life-related
to diabetes (11). The interventions implemented by the dia-
betes nurse to maximize their quality of life aim to provide
them with physical, emotional, and psychosocial relief (10).

Managing a child’s diabetes effectively during school hours
is paramount (12). It is critical to create suitable environ-
ments in which they can adhere to their dietary plan, mon-
itor blood glucose levels at the right times, administer in-
sulin injections as per the treatment plan, and participate
in activities like exercise and school trips (13,14). Failure to
manage the diagnosis process well during the school years
can lead to various school-related challenges, including in-
creased absenteeism, potential grade repetition, decreased
academic performance, disruptions or strains in friendships,
and difficulty adapting to a new peer group (15,16).

When a child’s overall health and treatment process is effec-
tively managed, the child can continue attending school. Plan-
ning a child with Type 1 Diabetes’s attendance at school and
ensuring a positive school experience requires a collaborative
effort. This involves the child with Type 1 Diabetes, their
family, school administration, teachers, peers, and healthcare
personnel working together and maintaining constant com-
munication. The nurse should facilitate regular information
exchange between the school, parents, and the hospital. If no
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barriers prevent a child with Type 1 Diabetes from returning
to school, they should be encouraged to attend. To do this,
it is essential first to understand the child’s perspectives and
address any concerns about the child’s return to school.

Our country has a significant limitation in studies to deter-
mine the school experiences of children with Type 1 Dia-
betes. At this point, there is a need for research to identi-
fy the challenges and develop action plans to improve the
school experiences and quality of life for children with Type
1 Diabetes. Based on this information, the study aimed to
determine relationships between a child’s sociodemograph-
ic characteristics and insulin/pump applications at school,
school absenteeism, and school success.

MATERIALS and METHODS
Study Design, Setting, and Participants

This descriptive and cross-sectional study aimed to examine
the factors affecting the school experiences of children with
Type 1 Diabetes. The research was conducted with children
aged 7-12 years diagnosed with Type 1 Diabetes at a uni-
versity hospital's Pediatric Endocrinology Clinic between
November 2018 and May 2019. The Pediatric Endocrinol-
ogy Clinic provides healthcare services for diagnosing and
treating endocrine disorders in children and adolescents.
The clinic operates five days a week, and an interdisciplinary
team consisting of endocrinologists, diabetes nurses, dieti-
tians, and psychologists collaboratively provides compre-
hensive support to children with Type 1 Diabetes and their
families regarding treatment, monitoring, nutrition, and
other related matters. Additionally, annual team-supported
camps and educational publications are regularly organized
for diabetic children and their parents.

The research was conducted with children diagnosed with
Type 1 Diabetes who visited the Pediatric Endocrinology
Clinic of a university hospital between November 2018 and
May 2019. The study population consisted of 7-12-year-old
children with Type 1 Diabetes who voluntarily agreed to
participate in the research and were under the care and fol-
low-up of the Pediatric Endocrinology Clinic. In this clinic,
100 children aged 7-12 are being monitored due to Type 1
Diabetes. The aim was to reach the entire sample without
conducting a sample calculation. All 100 children and their
parents who met the research criteria and were being fol-
lowed in the clinic voluntarily agreed to participate. They
completed the study with 100 children with Type 1 Diabe-
tes and their parents. The posthoc analysis was performed
with Real Statistics software based on the effect size w: 0.5
(middle), sample size: 100, df:1 (2x2 tables have 1 degree
of freedom), alpha: 0.05 iterations: 1000, the power of the
study was found power: 0.998.
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Inclusion criteria: being between the ages of 7 and 12, cur-
rently attending school, having no mental retardation, hav-
ing been diagnosed with type 1 diabetes at least 6 months
ago, obtaining parental consent for participation in the
study, being willing to participate in the study among chil-
dren with type 1 diabetes.

Exclusion criteria: interrupting or discontinuing school at-
tendance, having speech problems, having visual, auditory,
or cognitive impairments, not willing to participate in the
research.

The HbAlc (Glycated Hemoglobin) values are categorized
by the American Diabetes Association (ADA) based on age.
For children in our study group who are between the ages
of 7 and 12 and have Type 1 Diabetes, the recommended
HbA Ic targets are as follows: for children under 6 years old:
<8.5%; for children aged 6-12: <8%; for children aged 12 and
older: <7.5%. These recommendations from the ADA serve
as guidelines for managing HbAlc levels in children with
Type 1 Diabetes in the specified age group.

Ethical Approval

The ethical committee approval and necessary permissions
were obtained following the Helsinki Declaration. The pro-
cess was as follows: The research obtained ethical commit-
tee approval on October 31, 2018, with protocol number
2018.183.IRB3.124. Written permission was obtained from
the Ko¢ University Hospital Directorate, where the data
were collected. The researcher provided detailed informa-
tion about the research to the children and families who
agreed to participate. Written consent was obtained from
the children and their families who agreed to participate in
the research.

Data Collection Tools

>

The “School Diabetes Management- Child Questionnaire’
was used for data collection in the study. The questionnaire
form was designed to evaluate the difficulties and success
of children with diabetes in the school environment. The
form was prepared by the researcher based on important lit-
erature sources such as Dogan (17) and Tar1 and Kitis (18)
and revised in line with the opinions of three experts. In this
context, the content of the form was based on current and
valid scientific findings. The “School Diabetes Management-
Child Questionnaire” is divided into various sections to col-
lect data in different areas. These sections include:

Demographic information: This section collects basic in-
formation such as the child’s age, gender, grade level, and
the family’s socioeconomic status.
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Diabetes management: Information related to diabetes
management, such as the duration since the child’s initial di-
abetes diagnosis, insulin treatment, and frequency of blood
glucose measurements, is included in this section.

Diabetes practices at school: This section aims to assess the
child’s experiences with diabetes management in the school
environment and the support provided by school personnel.
It also gathers information about learning and social inter-
action difficulties experienced at school.

Academic achievement and adaptation: This section evalu-
ates the child’s academic performance, classroom participa-
tion, homework habits, and examination challenges.

Psychosocial adaptation: Topics such as the child’s relation-
ships with peers, stress, and concerns experienced at school,
self-esteem level, and positive or negative events within the
school environment are examined in this section.

The “School Diabetes Management - Child Questionnaire”
is a quantitative and qualitative data collection tool. The
questionnaire consists of a total of 34 questions.

Data Collection Procedure

The study data were collected from children who were fol-
lowed up in the pediatric endocrinology outpatient clinic
of a university hospital. No intervention was applied to the
children regarding diagnosis, treatment, follow-up, and re-
alization of laboratory parameters in this study. Question-
naire forms were applied to the children after obtaining
permission from the parents of the children who came to
the outpatient clinic for routine examinations. The diagno-
sis and HbAlc values of the children were obtained from
the hospital record system. Permissions for the processing
of children’s health data were included in the Informed
Voluntary Consent Form and permission was obtained
from the parents. The researcher prioritized ethical and ef-
fective communication with participant families and chil-
dren during data collection. They introduced themselves
and explained the research’s purpose, scope, and methods,
gaining verbal and written consent from families for child
interviews. Interviews were conducted in a calm, secure
environment within the diabetes education room, timed to
coincide with outpatient clinic visits for participant conven-
ience. Families and children received questionnaire forms
with the researcher’s assistance, and parents helped with rel-
evant sections. The average time for form completion was
10-15 minutes, during which the researcher addressed any
questions and provided support as needed.

Statistical Analysis

Quantitative and descriptive statistical evaluations were
conducted using the IBM SPSS Statistics for Windows, Ver-

sion 25.0 (Armonk, NY: IBM Corp.) statistical data analysis
software package during the data analysis. For quantitative
data analysis, percentage and mean values were calculated
to examine the general distribution and trends in the data.
These values were used to determine the overall charac
teristics of the sample group and to address the research
questions. Chi-square tests were employed in the analysis of
descriptive statistics. These tests were used to assess the re-
lationship and independence between categorical variables.
Chi-square tests were preferred to determine whether there
was a significant difference among two or more groups. The
significance level was set at p<0.05 for statistical significance.

RESULTS

The average age of the children participating in the research
was 9.76 + 1.75, 48% were female, and 45% were between
the ages of 7-10. Regarding the age groups at which children
received their initial diabetes diagnosis, it was determined
that 72% of the children were diagnosed with diabetes be-
tween the ages of 0-5. When examining the HbA1c values of
the children over the last three months, it was determined
that the average HbAlc value measured in the last three
months was 7.39% (Table 1).

When examining the distribution of children based on the
number of daily insulin injections they need, it was deter-
mined that 62% needed to inject insulin four times a day
and 35% of the children were found to use an insulin pump
(Table 2).

Regarding the need for assistance, while administering insu-
lin at school, it was found that 48% of the children required
assistance, while 52% did not require any assistance. It was
determined that 25% of the children administered insulin in
the classroom, 4% in the teachers’ room, 16% in the cafete-
ria, and 55% in other locations (Table 2).

Regarding experiencing difficulties with insulin administra-
tion at school, it was found that 56% of the children did not

Table 1: Distribution of children according to demographic
characteristics.

Variables Findings (n=100)
Age (Year + SD) 9.76+1.75
HbAlc (% + SD) 7.39+£0.90
Gender n (%)
Girl 48 (48.0)
Boy 52 (52.0)
Initial diabetes diagnosis’ age groups, n (%)
0-5 ages 72 (72.0)
6-12 ages 28 (28.0)

HbA1lc: Hemoglobin Alc.
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encounter any problems, while 44% experienced difficulties.
It was determined that 22% could not find a suitable place
to administer insulin, 25.4% were afraid of someone see-
ing them while administering insulin, 41.3% administered
insulin by themselves, and 11.1% faced problems for other
reasons (Table 2).

Regarding difficulties with insulin pump administration
at school, it was found that 42.9% of the children did not

Table 2: Distribution of characteristics related to pump/injection
applications at school for children.

Ikiz H and Semerci R

encounter any problems, while 57.1% experienced difficul-
ties. When examining the reasons for the difficulties faced
by children who had problems with insulin pump admin-
istration, it was determined that 8% were uncomfortable
while attaching the set, 12% found it uncomfortable to carry
the pump, 24% experienced problems like the set getting
blocked, 40% were not effectively using the pump (Table 2).

The distribution of children’s absenteeism status was exam-
ined, and it was determined that in the last 3 months, 3.2 +
3.1 days. In the last 1 year, the absenteeism average was 6.7
+ 6.0. It was found that 57% occasionally had to be absent
from school due to diabetes, 12% were absent due to hos-

Characteristics Related to Pump/Injection lzilnzdll(l)log)s pitalization for treatment, 21.1% due to low or high blood
— glucose, and 40.4% due to routine check-ups. It was deter-
Number of daily insulin injections* mined that 7% of the children had to leave or take a break
1 1(1.0) from school due to diabetes, while 93% did not have to do
3 2(2.0) so. Furthermore, 36% of the children experienced academic
4 62 (62.0) difficulties at school due to diabetes (Table 3).
Using insulin pump 350350 There was a significant difference between children’s age
Receiving assistance while administering insulin at school* and the need for assistance with insulin application at
Yes 48 (48.0)  school (x?=21.782; p<0.01). It was determined that 77.8%
No 52(52.0)  of children under 10 years old received assistance with in-
The location of insulin administration at school* sulin pump application at school. There was no significant
Classroom 25 (25.0)
Teacher’s office 4 (4.0) Table 3: Distribution of children’s school absenteeism status and
Cafeteria 16 (16.0) reasons.
Others 55 (55.0) Variable Findings
Experiencing problems with insulin administration at school* Number of Absences (Mean + SD)
Yes 44 (44.0) Last 3 months 32+3.1
No 56 (56.0) Last 1 year 6.7+6.0
Reasons for experiencing problems with insulin Attendance issues due to diabetes, n (%)
administration at school* No 43 (43.0)
Cannot find a suitable place to administer it. 14 (22.2) Occasionally 57 (57.0)
Afraid someone will see me doing it. 16 (25.4) Reasons for absenteeism from school, n (%)
Administer insulin by myself. 26 (41.3) Treatment-related hospitalization 7 (12.3)
Others 7(L1) Hypoglycemia 12 (21.1)
Experiencing problems with insulin pump administration at .
school* Hyperglycemia 12 (21.1)
Yes 20 (57.1) Psychological distress 2(3.5)
No 15 (42.9) Parents not sending 1(1.8)
Reasons for experiencing problems with insulin pump Routine check-ups 23 (404)
administration at school ** Having to leave/take a break from school due to diabetes, n (%)
Discomfort while attaching the set 2(8.0) Yes 7(7.0)
Discomfort from carrying it 3 (12.0) No 93 (93.0)
Set blockage 6 (24.0) Experiencing academic failure due to diabetes, n (%)
Ineffective use of the pump 10 (40.0) Yes 36 (36.0)
Others 4(16.0) No 64 (64.0)

*Data are shown as n (%); ** Multiple options have been selected.
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difference between children’s gender and the need for as-
sistance with insulin application at school (p>0.05). There
was also no significant difference between children’s HbAlc
levels and the occurrence of school absence due to diabetes
(p>0.05) (Table 4).

There was a significant difference between the age at which
children were first diagnosed with diabetes and school ab-
sence due to diabetes (x* = 5.141; p = 0.023). Among those
first diagnosed with diabetes between the ages of 0-5, it was
determined that 50% did not have to take breaks or be absent
from school due to diabetes, while 50% had to take breaks
or be absent occasionally. Among those first diagnosed with
diabetes between the ages of 6-12, it was determined that
the majority (75%) had to occasionally take breaks or be ab-
sent from school due to diabetes (Table 4).

There was a significant difference between the children’s
HbA1lc levels and their academic performance at school

due to diabetes (x’=16.504; p<0.01). It was determined that
26.30% of those with good HbA1c levels and 75% with poor
HbA1c levels experienced academic failure due to diabetes

(Table 4).

There was a significant difference between the age at which
children were first diagnosed with diabetes and their aca-
demic performance at school due to diabetes (x* = 16.504;
p<0.01). It was determined that 33.30% of those aged 0-5
years old and 42.90% aged 6-12 years old experienced aca-
demic failure due to diabetes (Table 4).

DISCUSSION

This research explores factors influencing the school experi-
ences of children with Type 1 Diabetes, specifically focusing
on the relationship between children’s age and the need for
assistance in insulin administration at school. The analysis
revealed a statistically significant association between age

Table 4: The factors that influence children’s need for assistance with insulin pump application at school, school absenteeism, and

academic performance at school.

Variables
Receiving Support While Administering Insulin at School
Age Groups* Yes No x? P
<10 ages 35(77.8) 10 (22.2)
21.782 <0.001
>10 ages 17 (30.9) 38 (69.1)
Receiving Support While Administering Insulin at School
Gender* Yes No x? p
Girl 23 (47.9) 25(52.1)
0.575 0.448
Boy 21 (40.4) 31 (59.6)
School Absence Due to Diabetes
HbAlc level* Yes No x? P
Good 46 (57.5) 34 (42.5)
0.410 0.840
Poor 11 (55.0) 9 (45.0)
School Absence Due to Diabetes
Initial diabetes diagnosis’ age* No Occasionally x? p
0-5 ages 36 (50.0 36 (50.0
8 ( ) ( ) 5.141 0.023*
6-12 ages 7 (25.0) 21 (75.0)
School Failure Due to Diabetes
HbAlc Level* Yes No x p
Good 21 (26.3) 59 (73.8)
16.504 <0.001
Bad 15 (75.0) 5(25.0)
School Failure Due to Diabetes
Initial diabetes diagnosis’ age* Yes No x? P
0-5 ages 24 (33.3) 48 (66.7)
16.504 <0.001
6-12 ages 12 (42.9) 16 (57.1)

*Data are shown as n (%); x* Chi-square Analysis
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and the requirement for assistance in insulin pump applica-
tion. Among the participants, 48% received assistance, 52%
did not, and 35% reported using insulin pumps. A study
by Ekim and Pek (19) categorizing insulin administration
skills by age groups found that most children under 10 re-
ceived assistance in insulin pump application, while those
aged 10 and above mostly managed without assistance. The
need for assistance was notably higher in children aged 7-12
compared to those aged 13-18, consistent with Dogan’s (17)
study involving children aged 7-12, where half self-admin-
istered insulin, while others had assistance. Similarly, Tar
and Kitis’s (18) study involving children aged 5-18 found
that 22% received assistance among 152 insulin users. The
present study aligns with previous research, suggesting that
younger children may be more likely to receive assistance
while older children develop the skills and independence
necessary for self-administration.

This study investigated the link between children’s gender
and problems in insulin administration at school, reveal-
ing no statistically significant relationship. These results
align with the existing literature. Korbel et al. (20) explored
gender differences in Type 1 Diabetes management during
adolescence, finding associations of higher depression and
weaker adherence among female adolescents. Franconi et al.
(21) reported generally small gender differences in diabetes
management, with women occasionally facing more diffi-
culties. Conversely, Kautzky-Willer et al. (22) found that
women experienced more challenges, while men were more
successful. The conflicting nature of these results compli-
cates the assessment of gender differences in diabetes man-
agement, emphasizing the need for nuanced consideration
when evaluating insulin administration issues based on
children’s gender.

In this study, 7% of children took a break from school, cit-
ing reasons such as psychological impact and challenges in
treatment adherence. Among participants, 53.2% missed
school for fewer than 5 days. Fleming et al. (13) noted that
diabetic children had higher school absenteeism, particu-
larly with elevated HbA1c levels. Glaab et al. (15) found that
diabetic children missed more school (average: 2.8 days)
than healthy siblings, correlating with poor metabolic con-
trol. Vetiska et al. (23) reported that children with Type 1
Diabetes missed an average of 6 days yearly compared to
healthy siblings. Cook (14) indicated a 6.1-day average
school absenteeism for children with Type 1 Diabetes. In
our study, children missed school for 1 to 15 days in the
last 3 months (average: 3.2+3.1 days) and 1 to 30 days in
the last year (average: 6.7+6.7 days), showing higher rates
than Glaab et al. (15) and similar rates to Cook (14) and
Vetiska et al. (23). Reasons for absenteeism included treat-
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ment-related hospitalization, hypoglycemia, hyperglycemia,
psychological impact, parental non-sending, and routine
check-ups, with parental concern for their child’s well-being
contributing to non-attendance.

In our study, 16.7% of children diagnosed with diabetes at
ages 0-5 missed school for 15 days or more, while 58.8%
diagnosed at ages 6-12 missed less than 5 days. There is a
significant link between the age of the first diabetes diag-
nosis and school absenteeism. McCarthy et al. (24) found,
in a study of diabetic children with an average age of 14.8,
that those diagnosed at 8.3 missed more school than healthy
siblings. Wagner et al. (25) reported that diabetic children
(aged 8-15, diagnosed at 5.3) missed more school (average:
6.1 days) than their healthy counterparts. Various studies
explore diabetes’s impact on education, attributing school
absenteeism to the challenges of diabetes management, in-
cluding insulin injections and dietary adjustments. Parents
may exert more control at early ages (0-5), resulting in lower
absenteeism rates. However, as diabetes management com-
plexity increases, so does the likelihood of school absentee-
ism.

This study reveals a significant link between children’s
HbA1lc levels and diabetes-related academic failure. Most
children with good glycemic control (73.8%) avoided ac-
ademic failure, while 75% with poor control experienced
setbacks. The importance of glycemic control, observed in
both Type 1 and Type 2 diabetes patients in previous stud-
ies, is underscored. Gorska-Ciebiada et al. (26) showed that
good glycemic control reduces diabetes complications and
improves quality of life. Prior research notes diabetes’s neg-
ative impact on academic achievements, varying with glyce-
mic control levels (27,28). Good glycemic control is associ-
ated with enhanced concentration and cognitive functions,
leading to higher academic success (29). These findings
contribute to understanding factors influencing the aca-
demic performance of children with diabetes and support
the need for diabetes education, treatment programs, and
regular glycemic control to improve their academic achieve-
ments and quality of life.

The study found that 33.3% of children diagnosed with
diabetes between 0-5 years and 42.9% between 6-12 expe-
rienced academic failure. There is a relationship between
the age of diabetes diagnosis and academic failure, aligning
with some prior research, though conflicting findings exist.
Aziz and Sulaiman (30) reported lower school performance
for children diagnosed before age 7, while our study found
higher academic failure among those diagnosed between
6-12. Cooper et al. (31) found no significant relationship
between diagnosis age and school performance. Cook (14)
suggested that early diabetes diagnosis could affect cogni-
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tive memory and lead to lower academic performance, espe-
cially in younger children. Challenges in adapting to school
life and managing diabetes, particularly in the 6-12 age
group, might contribute to academic difficulties. Increas-
ing responsibility for diabetes management as children age
could explain the higher prevalence of academic failure in
this group.

In conclusion, this study sheds light on the intricate interplay
between children’s age, glycemic control, insulin administra-
tion, and their school experiences in diabetes management.
The results emphasize the importance of age-related factors,
with younger children often requiring more assistance and
potentially facing more challenges in school due to diabe-
tes. Furthermore, the link between glycemic control and
academic performance highlights the critical role of main-
taining stable blood glucose levels for children’s educational
success. Nevertheless, it is crucial to acknowledge the limi-
tations of this research, including the relatively small sample
size, potential self-reporting biases, and the cross-sectional
design. Future studies with larger and more diverse cohorts,
longitudinal perspectives, and objective measurements will
be essential to elucidate these relationships further and de-
velop targeted interventions to support children with dia-
betes in educational settings. Furthermore, it is essential to
designate an active role for school nurses in every education-
al institution. Having a school nurse should be a mandatory
requirement for all schools, where they play a vital role in fa-
cilitating collaboration between children with Type 1 Diabe-
tes, their families, and school staff, and making the necessary
arrangements. Additionally, school nurses should conduct
regular training sessions for school personnel to enhance
their knowledge about Type 1 Diabetes.

This study has several limitations. Firstly, the study’s rela-
tively small sample size may limit the generalizability of the
results to a broader population of children with diabetes.
Additionally, the reliance on self-reported data, especially
regarding school-related experiences, introduces the pos-
sibility of recall bias and subjectivity. The cross-sectional
nature of the study design precludes the establishment of
causal relationships and long-term trends. Furthermore, the
study’s focus on a single geographical region may not cap-
ture potential variations in diabetes management and school
experiences in different cultural or socioeconomic contexts.
Finally, the study did not explore the potential influence of
factors such as socioeconomic status, parental involvement,
or specific school policies, which could contribute to a more
comprehensive understanding of the challenges faced by
children with diabetes in school settings. Future research
should address these limitations and provide a more nu-
anced perspective on this important issue.
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