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Bacak Hacmi ile Dikey Sicrama Mliskisinin Kadin Basketbol ve Voleybolcularda Incelenmesi

Serkan DAGLI**® , Mahmut ALP?®
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07/

Amag: Bu calismanin amaci bacak hacmi ile dikey sigrama iligkisinin kadin basketbol ve voleybolcularda
incelenmesidir. Gere¢ ve Yontem: Arastirmaya 12 basketbolcu ve 12 voleybolcu olmak iizere toplam 24 kadin lisansh
sporcu goniillii olarak katildi. Sporculara Frustrum modeli kullanilarak toplam bacak hacmi 6l¢iimii, cm cinsinden dikey
sigrama testi uygulanarak Lewis formiilii ile watt cinsinde anaerobik gii¢ degerine ¢evrildi. Verilerin analizinde
tanimlayici istatistik; normal dagilim gdsteren toplam bacak hacmi ile dikey sigrama verileri arasindaki iliski i¢in
“Pearson” Korelasyon Analizi kullanildi. Anlamlilik derecesi “p<0,05” kabul edilerek degerlendirildi. Bulgular: Toplam
bacak hacmi ve dikey sigrama arasindaki iliski cm cinsinde incelendiginde iki bransta da iliskiye rastlanmadi (p>0,05).
Toplam bacak hacmi ve dikey sigrama arasindaki iliski Watt cinsinde incelendiginde voleybolcularda iliskiye
rastlanmazken (p>0,05); basketbolcularda pozitif yonde anlamli iligkiye rastlandi (p<0,05). Sonug¢: Sonug¢ olarak,
calisma bulgularina gore basketbol antrenman ve miisabaka oyununda dikey sigrama 6zelliginin voleybola nazaran daha
baskin uygulanmasindan kaynaklandigmi disiiniilmektedir. Ek olarak, basketbolda tiim oyuncularin oyun iginde
ribaunt, sut, vs. gibi hareketlerde dikey sicramayi siklikla kullandigt; voleybolda ise oyun i¢inde sadece smag ve blok
pozisyonlarinda dikey sigramanin kullanildigindan 6tiirii antrendrler oyun dinamigini antrenmanlara da yansitmaktadir.
Calismamizin sonuglarinin bu nedenlere de dayandigimi diisiinmekteyiz. Ayrica ¢alismamiz antrenman modeli, igerigi
ve yogunlugu belirleme agisindan antrendrlere ve spor bilimcilere 6neriler sunabilmektedir.

Anahtar Kelimeler: Bacak hacmi, Dikey sicrama, Basketbol, Voleybol

ABSTRACT

Purpose: The purpose of study is to examine relationship between leg volume and vertical jump in female basketball
and volleyball players. Materials and Methods: 24 licensed female athletes, 12 basketball players and 12 volleyball
players, participated in study voluntarily. Total leg volume measurements were made using Frustrum model, vertical
jump tests were applied to athletes in cm, and anaerobic power values were converted to Watts using Lewis formula.
Descriptive statistics were used in analysis of data; “Pearson” Correlation Analysis was used for relationship between
total leg volume and normal distribution of vertical jump data. The significance level was evaluated by accepting
“p<0.05”. Findings: When relationship between total leg volume and vertical jump was examined in cm, no relationship
was found in both branches (p>0.05). When relationship between total leg volume and vertical jump was examined in
Watts, no relationship was found in volleyball players (p>0.05); positive significant relationship was found in basketball
players (p<0.05). Conclusion: As a result, it is thought that vertical jump feature is applied more dominantly in basketball
training and competitive games compared to volleyball. In addition, since all players in basketball frequently use vertical
jump in rebound, shot, etc. movements during game; and since vertical jump is only used in spike and block positions
in volleyball, coaches also reflect game dynamics to training. We think the results of our study are based on these
reasons. In addition, our study can provide suggestions to coaches and sports scientists in terms of determining training
model, content and intensity.

Keywords: Leg volume, Vertical jump, Basketball, Volleyball
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GIRIS

Giliniimilizde, sporcularin performanslarini belirleyen ve basarilarina etki eden faktorlerin
incelenmesi, bu faktorlerin ne derece etkili oldugunun anlasilmasi, spor bilimlerinde sporcu
performansi ilizerine yapilan arastirmalarin basinda gelmektedir (1). Spor branslarinda temel amac,
ilgili spor dalinin gerektirdigi motorik 6zellikleri devamli olarak gelistirmek, gelisen beceriyi yiiksek
seviyede korumak ve bu sayede sporcunun performansimi artirmaktir (2). Bu hedefleri
gerceklestirmek i¢in de yeni antrenman yOntemleri ve motorik becerilerin gelisimi ile ilgili yeni
baglantilar kurulmaya c¢alisilmaktadir (3). Sporda, gelismis motor beceriler (kuvvet, dayaniklilik,
hiz, koordinasyon, esneklik, reaksiyon hizi vb.) sporcularin performans seviyelerini belirleyen temel
unsurlardir. Sporcularin basarili olabilmesi i¢in saglikli ve zinde olmasi, normal diizeylerin 6tesinde
bir fiziksel kapasiteye ulasmasi ve uzun siireli, yiiksek diizeyde performans gosterebilmesi basarinin
on kosuludur (4). Bu unsurlar biitiin spor branslari i¢in gecerli olmaktadir.

Basketbol, voleybol, futbol, hentbol gibi top ile yapilan spor branslari, fiziksel, teknik ve taktik
ozellikler gerektiren kapsamli becerilere dayanmaktadir (5). Bir spor bransinda basar1 yakalamak
icin o spor bransinin gerektirdigi ve dnem arz ettigi motorik becerilerin gelismesi performansin
gelisimi i¢in olduk¢a dnemlidir (6). Basketbol ve voleybol branglart 6zelinde her iki bransta da
sicrama hareketlerinin fazla sayida yapildigi ve performansi etkiledigi i¢in olduk¢a Onem
tagimaktadir. Basketbolda sigrama, iyi bir kas giicii ve paylayici gli¢ gerektirmektedir. Basketbolda
sigcrama, savunmada ¢emberi korumak ve blok yapmak i¢in olduk¢a dnemlidir (7-9). Bunun yam
sira hiicumda sut atarken bloktan kurtulmak i¢in, turnike atisinda ¢gembere uzanabilmek i¢in veya
blok tehlikesini minimuma diislirmek i¢in atagi smagla bitirmek adina sporcunun iyi bir sigrama
performansi sergilemesi ve sporcularin sigrama becerisini gelistirmesi basketbol i¢in énemli bir
fiziksel yetenek olarak kabul edilmektedir (10). Voleybolda ise 6zellikle smag ve blok unsurlarinda
sporcunun ne kadar yliksege ulasabildigi blogun veya smacin kalitesini ve etkisini belirledigi i¢in
sigcrama becerisi olduk¢a dnem tagimaktadir. Bunlarin yani sira smag serviste de ulasilan yiikseklik
servis performansini etkilemektedir (11). Voleybolda sporcular bu hareketleri gergeklestirirken
yapabildikleri maksimum dikey sicramay1 ger¢eklestirmeleri gerekmektedir (12,13). Bu unsurlardan
dolay1 dikey sicrama hem basketbolda hem de voleybolda olduk¢a 6nem tagimaktadir.

Dikey sicrama, hiz, denge ve koordinasyon gerektiren kompleks bir beceridir. Sigrama sirasinda
ayaklarin yerle temasmin kesilmesiyle baslayan hareket, ugus evresi ve ardindan yere inisle
tamamlanir. Etkili bir dikey sigrama, sigrama yiiksekliginin yani sira hizla agirlik merkezinin
stabilitesine baglidir. Ayrica, itme aninda ayaklar ve viicudun dikey eksende dengede kalmasi, kas
aktivasyonuyla dogrudan iliskilidir. Sigramanin baslangi¢ fazinda, kisinin agirlik merkezi destek
noktasina hizali olmalidir ki, etkili bir itme gerceklestirilebilsin (14). Dikey sicrama performansi
hem kas gilicii hem de sinirsel mekanizmalar tarafindan belirlenir. Yerden en yiiksek noktaya
sicrayabilmek i¢in, yerle temas kesilmeden dnce maksimum dikey ivme saglanmalidir. Bu ivme,
sporcuya baslangicta en biiyiik dikey hiz1 kazandirir. Baglangi¢ hiz1 ne kadar yiiksek olursa, viicut
kiitlesi de o kadar yukariya taginir. En yliksek dikey ivmeyi elde etmek i¢in, sporcu miimkiin olan
en kisa siirede maksimum giicii tiretmelidir. Kas kiitlesini artirmak ve noral mekanizmalari, 6rnegin
sicrayabilir (12,13). Dikey sigramay1 etkileyen faktorlerden birinin de bacak hacmi oldugu
diistiniilmektedir. Bacak hacmi, kasin ortaya ¢ikardigi giicii ve kuvveti arttirabildigi i¢in sporcunun
performansini belirleyen faktorler arasinda bulunmaktadir (15). Bacak hacminin olusturulan giicii
ve kuvveti etkilemesinin sebebi o bolgede kas liflerinin sayisinin artmasi ve kasin enerji depolama
kapasitesinde artis meydana gelmesidir (16). Bu artisin dikey sigramay1 ne kadar etkiledigi merak
konusudur.

Bu bilgiler dogrultusunda arastirmamizin amaci bacak hacmi ile dikey si¢rama iligkisinin kadin
basketbol ve voleybolcularda incelenmesidir.
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GEREC ve YONTEM

Arastirmanin Evren ve Orneklemi

Arastirmaya 12 voleybolcu ve 12 basketbolcu toplam 24 kadin lisansh sporcu “Bilgilendirilmis
Goniillii Olur Formu” doldurtularak katildi. Ek olarak, sporculara verilerin gizliligi hususunda
bilgilendirme yapildi.

Arastirmanin Simirhhiklari
Aragtirma bir basketbol (n=12) ve bir voleybol (n=12) lisansli kadin takimi ile sinirlandirilmistir.

Veri Toplama Araclan

Bacak Hacmi Olc¢iimii

Sporcularin bacak hacmi, uyluk, baldir ve ayak hacimlerinin toplami olarak hesaplandi. Uyluk
hacmi, kasik bolgesindeki katlant1 ile tibial nokta arasindaki mesafeye gore, baldir hacmi ise tibial
nokta ile i¢ ayak kemigi noktas1 arasindaki mesafeye gore 6l¢iildii. Ayak hacmi ise i¢ ayak kemigi
ile ayak u¢ noktasi arasindaki mesafe dikkate alinarak hesaplandi. Bu mesafeler, %10’luk araliklarla
belirlendi ve Frustum isaret model yontemi kullanilarak mezura ile dl¢iildii (17-22).

Dikey Sigrama Olgiimii

Sporculara 5-99 c¢m arasinda 6lglim kapasitesine sahip mesafeyi dijital olarak gosteren Takei marka
jump metre kullanilarak serbest dikey sigrama testi uygulandi. En iyi sonug “cm” olarak kaydedildi.
Ayrica dikey sigrama verileri “Lewis” formiilii kullanilarak “Watt” olarak hesaplandi.

Lewis Formiilii: Giig (Watts) =V 4.9 x viicut agirhg (kg) x \ sigrama mesafesi (m) x 9.81

Cahsmanmn Etik Yonii )
Calismaya baglamadan once Siileyman Demirel Universitesi Saglik Bilimleri Etik Kurulu’nun
06.01.2025 tarihli ve 88/11 sayili karart ile etik izin alinmistir.

Verilerin Analizi

Veriler SPSS 22.0 istatistik paket programi kullanilarak analiz edildi. Demografik bilgiler i¢in
tanimlayici istatistik; toplam bacak hacmi ve dikey si¢crama verilerinin normallik testi i¢in “Shapiro-
Wilk”; verilerinin normal dagilim gdsterdiginin tespiti lizerine iliski testi i¢in “Pearson” Korelasyon
Analizi kullan1ldi. Onem derecesi “p<0,05” kabul edilerek degerlendirildi.

BULGULAR

Tablo 1’e gore; basketbolcularin yas ortalamas1 21,16+2,16 yil, voleybolcularin ise 21,41+1,24
yildir. Boy ortalamasi basketbolcular i¢in 169,75+6,55 cm, voleybolcular i¢in 168,91+6,50 cm
olarak belirlendi. Viicut agirlig1 ortalamasi basketbolcularda 58,12+5,84 kg, voleybolcularda
59,8345,67 kg’d1. Ayrica, beden kitle indeksi ortalamasi basketbolcularda 20,02+1,53 kg/m?,
voleybolcularda ise 24,20+3,54 kg/m? olarak saptandi.

Tablo 1: Sporcularin Demografik Bilgileri

Yas (y1l) Boy (cm) Viicut Agirhg (kg) BKi (kg/m?)
Brans n Ort+SS Ort+SS Ort+SS Ort+SS
Basketbol 12 21,16+2,16 169,75+6,55 58,12+5,84 20,02+1,53
Voleybol 12 21,41£1,24 168,91+6,50 59,83+5,67 24,20+3,54

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 3
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Tablo 2 incelendiginde, toplam bacak hacmi basketbolcularda 8921,35+£1234,78, voleybolcularda
17980,40+1578,66 lt; dikey sigrama performanst (cm cinsinden) basketbolcularda 24,4343,50,
voleybolcularda 28,29+3,50 cm olarak hesaplandi. Toplam bacak hacmi ile dikey sigrama arasinda
basketbol (r=,079; p=,808) ve voleybolda (r=,011; p=,973) anlamli bir iligski bulunamad1 (p>0,05).

Tablo 2: Sporcularm Toplam Bacak Hacmi (It) ve Dikey Sigrama (cm) Iligkisi

Toplam Bacak Hacmi (It) Dikey Sicrama (cm)

Brans Ort+SS Ort£SS r p
Basketbol 8921,35+1234,78 24.43+3,50 ,079 ,808
Voleybol 17980,40+1578,66 28,29+3,50 ,011 ,973

* Pearson Korelasyon Analizi kullanildi.

Tablo 3’e¢ gore, toplam bacak hacmi basketbolcularda 8921,35+1234,78, voleybolcularda
17980,40+£1578,66 1t; dikey sigrama performanst (Watt cinsinden) basketbolcularda
1959,03+£237,36, voleybolcularda 2177,53+234,91 Watt olarak hesaplandi. Toplam bacak hacmi ile
dikey sicrama arasinda basketbolda (r=,701; p=,011) pozitif yonlii anlamli iliski varken (p<0,05);
voleybolda (r=,154; p=,633) anlaml bir iliski bulunamadi (p>0,05).

Tablo 3: Sporcular Toplam Bacak Hacmi (It) ve Dikey Sigrama (Watt) Iliskisi

Toplam Bacak Hacmi (It) Dikey Sigrama (Watt)

Brans Ort£SS Ort£SS r p
Basketbol 8921,35+1234,78 1959,03+237,36 ,701 ,011
Voleybol 17980,40+1578,66 2177,53+234,91 ,154 ,633

* Pearson Korelasyon Analizi kullanildi.

TARTISMA

Dikey sigrama, sporcunun atletik performansinin degerlendirilmesi, kiginin sportif anlamda giiclii
ve zayif yoOnlerini tespit edilmesi gibi konularda kullanilmaktadir (23). Dikey si¢crama bize alt
ekstremitede anaerobik gli¢ kapasitesi hakkinda da bilgi vermektedir (24,25). Basketbol ve voleybol
branglarinda ¢ok sayida sigrama gerceklestirildigi i¢cin sigrama becerisi ve bu beceriyi etkileyen
faktorler oldukga 6nem tagimaktadir (25-27). Bu branslarda sigrama sayisinin fazla olmasi ve smag,
blok gibi hem savunma hem de hiicumu dogrudan etkileyen tekniklerde kullanilmasi agisindan dikey
sigrama bu branglarda sporcunun atletik performansini degerlendirirken belirleyici faktor olarak
kabul edilmektedir (28,29). Bu dogrultuda ¢alismamizda bacak hacmi ile dikey sigrama iligkisi
kadin basketbol ve voleybolcularda incelenmistir.

Calismamizda, kadin basketbolcularda toplam bacak hacmi ile dikey sigrama performansinin watt
cinsinden verileri arasinda pozitif yonlii anlamli bir iliski bulunurken, kadin voleybolcularda toplam
bacak hacmi ile dikey sicrama arasinda bir iligskiye rastlanmamistir. Bunun nedeni olarak basketbol
antrenman ve miisabaka karakteristiginde voleybola nazaran dikey sigrama 6zelliginin daha sik ve
yogun kullanildigindan kaynaklandigini diistinmekteyiz.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi
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Bacak hacminin dikey sicramaya olan etkisinin aragtirildigi bazi ¢alismalar yapilmistir. Erkek
futbolcular {izerine yapilan ¢alismada quadriceps orani ve dikey sicrama performansi arasinda
pozitif yonlii anlamlt bir iliski bulmustur (30). Bacak hacmi, kas kesit alani, kas kiitlesi ve kasin
fibril uzunlugu tretilen anaerobik giicii ve gerceklestirilen dikey sicramayi etkileyen faktorler
arasindadir ve yapilan arastirmalarda bu parametrelerin fazla oldugu deneklerin anaerobik gii¢c ve
dikey sicrama performansinin daha iyi oldugu ifade edilmektedir (31). Yapilan bir diger aragtirmada
bacak hacminin, kas kiitlesi ve kas lif sayisindan meydana gelmesi ve bu unsurlarin fazlaligi, tiretilen
kuvvet ile dogru orantili oldugu bu yiizden de bacak hacmi ile dikey sigrama performansi arasinda
anlamli bir iliski bulundugu ifade edilmistir (32-34). Basketbolcu ve voleybolcularda yapilan bir
baska ¢alismada ise dikey sigrama Olciilerine bakildiginda basketbolcular lehine anlamli bir fark
tespit edilmistir ve bunun sebebi olarak da basketbolcularin antrenmanda sigrama becerisini daha
yogun kullandig1 ifade edilmistir (35). De Ste Croix ve ark. (2000) tarafindan yapilan ¢alismada ise
bacak hacmi ile birlikte viicut agirliginin, deri kivrim kalinliginin, yasin, cinsiyetin ve izokinetik
bacak kuvvetinin dikey sigrama ve anaerobik performans degerleri tizerindeki etkisi incelenmistir.
Calismada artan bacak kas hacminin dikey sigrama ve anaerobik performans degerleri iizerinde
anlaml1 bir etkisinin oldugu ifade edilmistir (36). Voleybolcularda yapilan bir ¢alismada ise artan
bacak hacminin dikey sicramay1 olumlu yonde etkiledigi bulunmustur (37).

Voleybolcularda yapilan baz1 ¢alismalarda bizim ¢alismamizla ayni sonu¢ bulunmustur. Yapilan
calismada geng voleybolcularda bacak hacmi, uyluk kiitlesi, baldir kiitlesi ve ayak kiitlesi ile dikey
sigrama arasinda anlamli bir iligki bulunamamistir (38). Diger branslarda da bu sonuca yakin
sonuclar bulunmustur. Apaydin (2020), kadin futbolcularda yaptigi ¢calismada alt ekstremite kuvvet
degiskenlerinin dikey sicrama ile anlamli bir iliski olmadigini ifade etmistir (39).

Dikey sigrama 6zelliginin bir anaerobik gii¢c ¢iktisi oldugu diisiintildiigiinde bazi aragtirmacilar
toplam bacak hacmi ve maksimal kuvvet iligkisini incelemis ve pozitif yonde anlamli iligkiler tespit
etmistir (40). Isildak yapmis oldugu calismalarda toplam bacak hacmi ve anaerobik gii¢ arasindaki
iliskide pozitif yonde etkiler oldugunu ileri siirmiis, nedeni olarak da yapilan antrenmanlarin etkisine
dikkat ¢cekmislerdir (41,42). Ozkan ve Sarol yaptig1 bir ¢alismada bacak hacmi ile anaerobik giic
arasinda anlamli bir iliski bulmus ve bu iliskinin anaerobik performansi olumlu yonde etkiledigini
belirtirken, bacak kiitlesi ile bacak kuvveti arasinda anlamli bir iligki bulunamadigin1 ifade
etmislerdir (43). Bir diger ¢alismada ise bacak hacmi, kas kiitlesi, kas fibril uzunlugu ve kas kesit
alaniin anaerobik ortamda kasin {iretecegi giicli etkileyen unsurlar oldugu ifade edilmistir (44).
Cocuklarda yapilan bir ¢alismada ayni sporcularda oldugu gibi ¢ocuklarda da bacak hacminin
anaerobik giice etkisinin oldugu belirtilmistir (45). Cocuklarda yapilan bir diger calismada bacak
hacminin yani sira kas kitlesi ve kas kesit alaninin da anaerobik gii¢ ve performans lizerinde etkili
oldugu ifade edilmistir (46). Son olarak Ozkan ve digerlerinin yaptig1 calismada da bacak hacmi ve
kiitlesi ile anaerobik gii¢ ve performans arasinda anlamli bir iligki oldugu ve bu iligkinin sebebinin
kas kesit alaninin artisi ile bu sayede ATP-PC depolarinin da artisina bagli oldugu bunun yani sira
kas kitlesinin biiyiikliigii iretilen gii¢ ile dogru orantili oldugunu fakat kasin fibril yapisinin da
iiretilen giicli etkileyebilecegi belirtilmistir (47).

SONUC

Sonug olarak, calismamizda toplam bacak hacmi ile dikey sigrama iliskisinde basketbolcularda
pozitif yonde anlamli iliskiye rastlanirken; voleybolcularda iliskiye rastlanmamistir. Bunun sebebi
basketbol antrenman ve miisabaka oyununda dikey sigrama Ozelliginin voleybola nazaran daha
baskin uygulanmasindan kaynaklandigini diistinmekteyiz. Ek olarak, basketbolda tiim oyuncularin
oyun i¢inde ribaunt, sut, vs. gibi hareketlerde dikey sicramay1 siklikla kullandig1; voleybolda ise
oyun i¢inde sadece smag¢ ve blok pozisyonlarinda dikey sigramanin kullanildigi bilinmektedir. Bu
yiizden iki branginda antrendrleri oyun dinamigini antrenmanlara da yansitmaktadir. Calismamizin
sonuglarin bu nedenlere de dayandigini diistinmekteyiz. Ayrica ¢aligmamiz antrenman modeli,
icerigi ve yogunlugu belirleme agisindan antrendrlere ve spor bilimcilere dneriler sunabilmektedir.
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Smrhbiklar: Calisma sadece kadin basketbol ve voleybolcular ile smirlandirilmistir. Tleride yapilacak olan galismalarda
cinsiyet farklilif1 ve brans degisikligi gozetilerek bacak hacmi ve dikey sigrama arasindaki iliski vurgulanabilir.

Etik Kurul Onay1: Calisma Siileyman Demirel Universitesi Universite Etik Kurulu Saglik Bilimleri Etik Kurulu’nun
06.01.2025 tarihli ve 88/11 say1l1 karar1 ile onaylanmistir.

Cikar Catismasi: Caligmamizda herhangi bir ¢ikar catismasi olmadigini beyan ederiz.

Yazarhk Katkisi: Makalenin tasarimi: SD, MA; Makale verilerinin elde edilmesi: SD; Verilerin analiz edilmesi: SD,
MA; Makale taslagmin olusturulmasi: SD, MA; Icerik igin elestirel gdzden gecirme: SD, MA; Yayinlanacak versiyonun
son onay1t: SD, MA.
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0z

Amag: Bu ¢alisma ile fazla madde kaybina ugramis endodontik tedavili dislerin restorasyonunda kullanilan farkli post-
kor sistemlerini kirilma dayanimlar1 agisindan karsilagtirmak amaglanmistir. Gereg ve Yontem: Calismada cekilmis, tek
kokli, tek kanalli 45 adet kronu uzaklastirilmis insan alt premolar disi kullanildi. Dislere kok kanal tedavisi
uygulandiktan sonra kok kanallarina post yuvasi agildi. Disler 3 gruba ayrilarak Grup 1°e cam fiber post-kompozit kor,
Grup 2’ye kompozit post-kor, Grup 3’e ise lityum disilikat post-kor hazirlandi. Daha sonra dislere universal test
cihazinda kuvvet uygulanarak kirilma dayanimi degerleri tespit edildi ve dislerde olusan kirik tipleri incelendi. Verilerin
istatistiksel analizinde Bonferroni ve Shapiro-Wilk testleri kullanilarak, sonuglar degerlendirildi. Bulgular: Elde edilen
sonuclarin istatistiksel degerlendirmesi sonucunda gruplarin kirilma dayanimi degerleri arasinda istatistiksel olarak
anlamli bir farklilik tespit edildi (p<0,05). Fiber post-kompozit kor grubundaki dislerin kirllma dayanimi, diger iki
gruptan anlaml derecede diisiik bulunmugken, kompozit post-kor ve lityum disilikat post-kor gruplari arasinda kirilma
dayanimi agisindan fark bulunmamistir. Fiber post-kompozit kor grubunda restore edilebilir kirik tipi, kompozit post-
kor ve lityum disilikat post-kor gruplarinda ise restore edilemez kirik tipleri daha fazla goriildii. Sonug: Bu ¢alismanin
siirlar1 dahilinde, kisa post uygulamalarinda, fiber post-kompozit kor grubunun kirilma dayaniminin, kompozit post-
kor ve lityum disilikat post-kor gruplarmma gore daha diisiik oldugu tespit edilmistir. Ayrica fiber post- kompozit kor
grubundaki kirik tiplerinin daha restore edilebilir oldugu gézlendi. Yeterli ferrule destegi bulunmayan, ¢ok fazla madde
kayb1 olan premolar dislerin restorasyonunda monoblok sekilde uygulanan post-kor sistemlerinin tercih edilmesiyle
daha yiiksek kuvvetlere dayanikli restorasyonlar elde edilebilir.

Anahtar Kelimeler: Fiber post, Kirilma dayanimi, Post-kor

ABSTRACT

Objective: The aim of this study was to compare the fracture strength of different post-core systems used in the
restoration of endodontically treated teeth with excessive material loss. Materials and Methods: Forty-five single and
straight-root decoronated human mandibular premolar teeth were used. After root canal treatment, post space preparation
have been made. Teeth were randomly divided into three groups : Group 1 glass fiber post-composite core, Group 2
composite post-core, Group 3 lithium disilicate post-core.For all groups, fracture resistance (N) value was measured and
recorded using a universal testing machine. The types of fractures in the teeth were examined. Bonferroni and Shapiro-
Wilk tests were used for statistical analysis of the data. Results: As a result of the statistical evaluation of the results
obtained, a statistically significant difference was found between the fracture strength values of the groups (p<0.05).
The fracture strength of the teeth in the fiber post-composite core group was significantly lower than the other two
groups, while there was no significant difference in fracture strength between the composite post-core and lithium
disilicate post-core groups. Restorable fracture types were more common in the fiber post-composite core group, while
unrestorable fracture types were more common in the composite post-core and lithium disilicate post-core groups.
Conclusion: Within the limitations of this study, in short post applications, the fracture strength of the fiber post-
composite core group was lower than the composite post-core and lithium disilicate post-core groups, and the fracture
types in the fiber post-composite core group were more restorable. Restorations resistant to higher forces can be achieved
by choosing monoblock post-core systems in the restoration of premolar teeth that do not have sufficient ferrule support
and have too much substance loss.
Keywords: Fiber post, Fracture resistance, Post-core
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GIRIS

Endodontik tedavi gormiis, fazla madde kaybina sahip dislerin restorasyonu dis hekimleri i¢in her
zaman zorlu ve komplike olmustur. Endodonti alanindaki yeni gelismeler, materyaller ve
yontemlerle gegmiste ¢ekim endikasyonu konulan dislerin, gliniimiizde tedavi basaris1 ve agizdaki
sag kalim oran1 artmistir. Kok kanal tedavisi uygulanmis, koronal harabiyeti ¢cok fazla olan dislerde
dis ¢ekimi artik yerini kok kanalindan destek alinan bir yontem olan post-kor restorasyon
uygulamalarina birakmistir (1).

Post; kok kanalinin 2/3 kismina kadar uzanan, destek ve retansiyonu saglayan boliimdiir. Ideal bir
post, dislere zarar vermeden gerekli retansiyonu saglar (1). Post, disi direkt olarak gii¢clendirmez
veya kalan dentin dokusunun kirilmaya karsi direncini artirmaz. Kor; postun koronal uzantisi olarak
distintlebilir. Prepare edilmis dis formunda, restorasyonu post ile birlestiren kron kismidir. Korun
birincil amaci, restorasyonun dayanikliligini artirmak ve restorasyona gelen kuvvetleri alt dis
yapisina uygun sekilde dagitmaktir (2).

Gilinlimiizde elastisite modiilii dentinden ¢ok yliksek olan metal postlar yerine dentine benzer
elastisite modiiliine sahip fiber postlarin kullanim siklig1 artmustir (3). Fiber postlar, pasif olarak
yerlestirilir ve dentin yiizeyine adeziv rezin simanlar araciligi ile tutunurlar (4). Fiber postlar;
uygulanma kolaylhigi, avantaj saglayan fiziksel ve mekanik ozellikleri, gerektiginde kanaldan
uzaklastirilmalarinin kolay olmasi ile estetik 6zellikleri nedeniyle giintimiizde siklikla kullanilan
materyaller olma 6zelliklerini korumaktadir.

Kirik olusumu riskini en aza indirmek igin fiber postlarla birlikte kompozit rezin siman ve kor
materyali kullanilabilir (5,6). Monoblok yapiy1 olusturan materyallerin (dentin, post, siman, kor vb.)
benzer elastisite modiiliine sahip olmasi gerekir (5). Yiiksek elastisite modiiliine sahip postlarin
yiikleme sirasinda disleriyle birlikte biikiilmemesi nedeniyle kiriklar meydana gelir.

CAD/CAM teknolojisi ile seramik ve seramik benzeri materyallerin gelisimi yiiksek Kaliteli
restoratif dental tedavilerin gerceklestirilmesine olanak sagladi (7,8). Dijital dis hekimligindeki
gelismeler ile 16sit ile.giiclendirilmis cam.seramik, lityum disilikat.cam-seramik, hibrit polimer
seramik gibi yiiksek performanshi materyallerin kullanimi restoratif dis hekimligi tedavilerinde
onemli alan kapladi (7). Seramik materyallerindeki bu gelismeler ve gesitlilik sayesinde seramik
post-kor sistemleri yeni bir method olarak klinik rutinine girdi. Lityum disilikat cam seramikleri,
kron restorasyon malzemeleri olarak yaygin olarak kullanilmaya baslanmistir. Cam seramikler
yluksek stabiliteye, biyouyumluluga ve kolay ¢alisabilirlige sahip olduklarindan, uzun siireli stabilite
gerektiren restorasyonlar i¢in uygundur (9). Ek olarak, lityum disilikat cam seramiklerin endodontik
tedavi gérmiis dislere post-kor olarak uygulanma siklig1 artmastir.

Bu c¢alisma, metal icermeyen 3 farkli post-kor restorasyonu ile restore edilmis, fazla miktarda
koronal harabiyete sahip olan kok kanal tedavili dislerin kirilma direncini ve tipini degerlendirmeyi
amaglanmaktadir. Bu ¢alismanin HO hipotezi; farkli post-kor sistemlerinin dislere uygulanmasi
sonrasi kirtlma dayanimlar arasinda fark yoktur. H1 hipotezi; farkli post-kor sistemlerinin dislere
uygulanmasi sonrasi kirilma dayanimlar1 arasinda farkliliklar vardir.

GEREC ve YONTEM

Calismanin gii¢ analizi GPower 3.1.9.2.(universitaet Kiel, Germany) programi ile gerceklestirildi.
Etki biytikligi 0,638 olarak hesaplandi. Giig degeri %95 ve hata pay1 0,05 i¢in her bir post-kor
grubunda n=15 alinmas1 planlanarak toplam 45 dis i¢in ¢alismanin tamamlanmasina karar verildi.
Her bir post-kor grubu i¢in n=15 alinmasi planlanarak toplam 45 dis ile ¢alismanin tamamlanmasina
karar verildi. Periodontal ve ortodontik nedenlerle ¢ekilmis, kok ucu gelisimini tamamlamis, ayni
kok uzunluguna sahip tek kokli ve tek kanalli, labio-lingual ve mezio-distal boyutlar1 ayni (+0.2)
45 adet alt kiigiik az1 disi toplandi. Secilen disler islem 6ncesi % 0,5’1lik sodyum hipoklorit
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cozeltisiyle dezenfekte edilmesinin ardindan distile su ile bolca yikanip distile su (Sigma Aldrich,
St. Louis, Missouri, Amerika Birlesik Devletleri) ile dolu koyu renkli, kapakli cam kaplarda
bekletildi. Dislerin geride kalan kok boylar1 radyografik apeksten itibaren 13 mm olacak sekilde
dekronize edildi.

Calisma boylar1 dental operasyon mikroskobu altinda 10 numarali K tipi kanal egesinin apikal
foramene ulastig1 noktadan 1 mm kisa olacak sekilde belirlendi. Tek bir operator tarafindan tretici
firmanin talimatlart dogrultusunda kok kanal preparasyonu yapildi. Kok kanal tedavisi tiim dislerde;
calisma uzunlugunda EdgeFile X3 ege sisteminin (Edge Endo, Albuquerque, New Mexico, Amerika
Birlesik Devletleri) C1 (20/0,06), C2 (25/0,06) ve C3 (30/0,06) egeleri X-Smart Plus (Dentsply,
Maillefer, Ballaigues, Isvicre) endodontik motoru ile “Rotasyon” modunda 350 rpm hiz ve 3 N/cm
tork degerlerinde ile kullanildu.

Tim caligma boyunca yapilan her farkli irrigasyon islemi i¢in tek kullanimlik 2 m1’lik 27 gauge
perfore enjektor (Genject A.S., Ankara, Tirkiye) kullanildi. Kok kanal sekillendirmesi
tamamlandiktan sonra 2 ml %5 NaOCl (MICROVEM, Altun Medikal, Sakarya, Tirkiye) ile
irrigasyon yapildi. Ardindan 2 ml steril izotonik serum fizyolojik (TURKTIPSAN Saglik Turizm
Egitim ve Tic. A.S., Ankara, Tiirkiye) irrigasyonu ile kanallardaki fazla NaOCL uzaklastirildi.
Sonrasinda; smear tabakasini uzaklagtirmak i¢in 2 ml %17’lik EDTA soliisyonu (WERAX, Spot
Dental, izmir, Tiirkiye) ile irrigasyon yapildi. Ardindan 2 ml steril izotonik serum fizyolojik
irrigasyonu ile kanallardaki fazla EDTA uzaklastirildi.

Kanallar 30/0,06 guta perka konu (PearlEndo, Ho Chi Minh, Vietnam)ile kanal patina (AH Plus;
DeTrey Dentsply, Kontanz, Germany) bulanarak kok kanalina yerlestirildi.

Biitin gruplardaki preparasyonlarin standardizasyonunun saglanmasi igin post boslugunun
uzunlugu 5 mm olacak sekilde bir stopper yardimi ile drillin tizerine isaretlendi. Kanaldaki guta
perka 2 numarali postun kalibre edilmis paslanmaz ¢elik drilli (Angelus, Londrina, Parana, Brezilya)
kullanilarak uzaklastirildi.

Deney gruplari i¢in toplam 45 adet dis rastgele 3 gruba ayrildi. 1. gruba 2 numara Reforpost cam
fiber post (Cam fiber, Angelus, Londrina, Parana, Brezilya), 2. gruba kompozit (GC,Gradia Core,
Tokyo, Japonya) post-kor,3. gruba lityum disilikat (Upcera,Shenzhen Upcera Dental
Technology,China) post-kor uygulanmistir.

Tablo 1: Deney Gruplarinin Smiflandiriimast

GRUP POST KOR

F Fiber Kompozit

K Kompozit Kompozit

L Lityum disilikat Lityum disilikat

Fiber post yerlestirilecek grupta postun dezenfeksiyonunu saglayabilmek amaciyla cam godenin
(Imicryl, Konya, Tiirkiye) i¢ine %96’lik etil alkol (Vin.s Industries, Bourgas, Bulgaristan) konularak
yapistirilana kadar minimum 1 dakika olacak sekilde alkol igerisinde bekletildi. Kok kanallart post
boslugunu dezenfekte edebilmek i¢in 27 gauge perfore enjektor ile %17°lik EDTA (WERAX, Spot
Dental, izmir, Tiirkiye) ardindan %5°lik NaOCl (MICROVEM, Altun Medikal, Sakarya, Tiirkiye)
ile yikanip en son serum fizyolojik (TURKTIPSAN Saglik Turizm Egitim ve Tic. A.S., Ankara,
Tiirkiye) ile irrigasyon yapildu.

Daha sonra endodontik u¢ (GC, Tokyo, Japonya) ile Gradia Core dual cured kompozit (GC, Tokyo,
Japonya) dogrudan post bosluguna sikildi ve post boslugu apikalden koronale dogru dolduruldu.
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Fiber postlar kanal igerisine parmak basinci ile yerlestirildi ve 20 sn LED 1s1k kaynagiyla (Stern
Weber, T-LED S200, Imola, Italya) polimerize edilerek sonrasinda 4 dakika beklendi. Postlarin
simantasyon islemleri tamamlandiktan sonra Gradia Core dual cured kompozit (GC, Tokyo,
Japonya) ile kuronal korlar yapilmistir.

Kompozit post-kor grubunda endodontik u¢ (GC, Tokyo, Japonya) ile Gradia Core dual cured
kompozit (GC, Tokyo, Japonya) dogrudan post bosluguna sikildi ve post boslugu apikalden koronale
dogru dolduruldu. Kor yapimi inkremental teknik ile her tabakasi 1,5 mm yiiksekliginde olacak
sekilde 3 tabaka (4,5 mm yiiksekliginde) olarak yerlestirildi ve her tabaka 5 saniye siire ile LED 151k
kaynagiyla polimerize edildi. Final 1sinlama tiretici talimatlarina gore 20 saniye siire ile yapildi.

Lityum disilikat post-kor grubu i¢in hazirlanan preparasyon bosluklarmin digital 6lgiisi VIRTUO

VIVO™ intraoral tarayict (Straumann,Canada) ile alindi. Alinan 6lciilerden labarotuarda sulu
kesim ile TwinMac T40(Turkuaz Dental) kazima cihazinda 15 dakika siirede lityum-disilikat
bloktan (Upcera,Shenzhen Upcera Dental Technology,China) monoblok post-kor elde edildi.

Sekil 1: Lityum Disilikat Post-Kor Grubu I¢in Post Yuvasi1 Olgiisiiniin Agiz I¢i Tarayici Ile Alinmasi

Sekil 2: Elde Edilen Lityum Disilikat Post-Kor

Lityum-disilikat post-korlarin yuzeyine %9.5’lik HF asit (BISCO,Porcelen Etchant Schaumburg, USA ) ardindan,
silan (G-Multi Primer, GC, Tokyo, Japonya) uygulandi. G-Premio universal bond (GC, Tokyo, Japonya)
uygulamasi sonrasi endodontik u¢ (GC, Tokyo, Japonya) ile G-Cem one (GC, Tokyo, Japonya) self-adeziv dual
cure rezin siman seramik ylzeyine sikildi ve lityum disilikat post-korlar dise parmak basinci ile yapistirilip
simante edildi.
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Sekil 3: Simante Edilmig Lityum Disilikat Post-Kor

Tum digler akrilik rezin blok (Imicryl, Konya, Turkiye) icine mine-sement sinirinin 2 mm altina kadar gémuldu.
Ornekler universal test cihazina (AG-50, Shimadzu, Japonya) baglandi. Akrilik bloklar silindirik ug digin ve
postun uzun eksenlerine 45° aclyla bukkal kasptan kuvvet uygulayacak sekilde yerlestirildi. 5 mm g¢apindaki
metal ug ile 0,5 mm/dKk’lik hiz ile diste kirik olusana kadar kuvvet uygulandi. Maksimum mukavement degerleri
Newton cinsinden kaydedildi, veriler toplandi ve dislerde olusan kirik tipleri incelendi.

@ sSHIMADZU

Sekil 4: Universal Test Cihazi (AG-50, Shimadzu, Japonya) Ve Test Cihazina Yerlestirilen Akrilik Bloga Kuvvet
Uygulanmast

Calismada kirtlma dayanimu testi sonucunda elde edilen veriler SPSS 25.0 (Statistical Package for
Social Sciences) programma aktarilarak istatistiksel analizlerle degerlendirilmistir. Istatistiksel
analizlere ge¢gmeden Once veri giris hatasinin olmamasi ve parametrelerin beklenen aralikta olup
olmadig: ile ilgili kontroller yapilmustir. Istatistiksel anlamlilik diizeyi olarak p<0,05 olarak
belirlenmistir. Calismada 6ncelikle dagilimin normalligi Shapiro-Wilk testi ile kontrol edilmistir.
Elde edilen sonuglara gore p degeri 0,05’in bulunup dagilimin normalligi kabul edilerek parametrik
test yapilmasi uygun bulunmustur. Tiim gruplardaki kirilma dayanimi verileri tek yonlii varyans
analizi (ANOVA) ile degerlendirilmistir. Tek yoOnlii varyans analizi testinde anlamli ¢ikan
sonuclarda ikili grup karsilastirmas: gergeklestirmek lizere Bonferroni testinden yararlanilmistir.

BULGULAR
Bu tez ¢alismasina toplamda 45 adet ¢ekilmis alt premolar disi dahil edilmis olup, bu disler
hazirlanan post-kor sistemlerine 3 gruba ayrilmistir.Grup 1’de cam fiber post(Reforpost )-kompozit
kor(GC,Gradia Core, Tokyo, Japonya), 2. gruba kompozit (GC,Gradia Core, Tokyo, Japonya) post-
kor,3. gruba lityum disilikat (Upcera,Shenzhen Upcera Dental Technology ,China) post-kor
uygulanmistir.

Calisma kapsaminda uygulanan kirilma dayanimi testi sonucunda elde edilen maksimum kuvvet
verilerinin grup ortalamalar1 arasinda istatistiksel olarak anlamli farklilik olup olmadig1 Varyans
analizi ANOVA ile test edilmistir. Analiz sonucuna gore gruplarin maksimum kuvvetlerinin
ortalamalar1 arasinda istatistiksel olarak anlamli farklilik oldugu tespit edilmistir (p=0,000<0,05)
(Tablo 3).
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Farkliligin hangi iki grup arasinda oldugunu tespit edebilmek i¢cin Bonferroni analizi yapilmistir.
Analiz sonuglari tabloda verilmektedir.

Tablo 2: Gruplara Gére Maksimum Kuvvetin Karsilastirilmasi

n Min Medyan Maksimum  Ort+Ss F p
F 15 328384 600,144 910,088 615,934+ 152,850
K 15 673,022 939,283  1377,600 1005,305+258,363 +7+7°0  0,000"
L 15 660,108 901,272  1309,380 926,402::204,364
Toplam 45 328,384 800,810  1377,600 849,214+266,178

F: Varyans Analizi ANOVA Test istatistigi, *p<0,05, Ort: Ortalama, Ss: Standart sapma

Analiz sonucuna gore farkliligin F grubundan kaynaklandigi tespit edilmistir. Buna gore F grubunun
maksimum kuvvet ortalama degeri 615,934+152,850, K grubunun ortalama 1005,305+258,363
(p=0,000<0,05) ve L grubunun ortalama 926,402+204,364 (p=0,001<0,05) degerlerine gore daha az
oldugu goriilmektedir. K grubunun ortalama 1005,305+£258,363 ve L grubunun ortalama
926,4024+204,364 degerleri arasinda istatistiksel olarak anlamli farklilik olmadig1 tespit edilmistir
(p=0,926>0,05).

1250.000
1000.000

750.000

Ortalama Maksimum Kuvvet (N)

500.000

250000

Fiber Post-Kompozit Kor Kompozit Post-Kor Lityumn Disilikat Post-Kor
Grup

Grafik 1: Kirllma Dayanimi Degerlerinin (Ortalama Maksimum Kuvvet) Gruplara Gore Karsilagtirilmasi

Kor ile birlikte kdk kirigi olusan disler tamir edilemez (katastrofik) kirik olarak, kok kirig
olmaksizin tamamen veya kismen kor ayrilmasi goriilen disler, tamir edilebilir (nonkatastrofik) kirik
olarak isimlendirilir. Kirma testi sonrast érneklerde olusan kirik tipleri incelendi. Kor seviyesinde
ve koronal iiglii bolgesinde meydana gelen kiriklar tamir edilebilir olarak, daha apikal bolgede
olusan ozellikle de vertikal sekilde meydana gelen kiriklar ise tamir edilemez kiriklar seklinde
degerlendirildi.

Calismamizda fiber post-kompozit kor grubunda 12, kompozit post-kor grubunda 4 ve lityum
disilikat post-kor grubunda 4 diste tamir edilebilir kirik izlenmistir. Her bir grup igin olusan kirik
tipleri Tablo 3’de gosterilmistir. Fiber post-kompozit kor grubunda tamir edilebilir kirik tipinin
oldukga fazla oldugu,ancak diger gruplarda olusan kiriklarin biiyiik ¢cogunlugunun tamir edilemez
oldugu belirlenmistir.
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Tablo 3: Gruplardaki Kirik Tiplerinin Siniflandirilmasi

Gruplar Tamir edilebilir kirikk Tamir edilemez kirik
Fiber post-kompozit kor 12 (%80) 3 (%20)

Kompozit post-kor 4 (%26,67) 11 (%73,3)

Lityum disilikat post-kor 4 (%26,67) 11 (%73,3)

TARTISMA ve SONUC

Bu c¢alisma ile ferrule destegi olmayan kok kanal tedavili dislerin kirilma mukavemeti
karsilastirilmis ve ii¢ farkli post-kor ile restore edilmis dislere uygulanan kuvvet sonucu olusan
kirilma tipleri incelenmistir. Calisma sonucunda lityum disilikat post-kor ve kompozit post-kor ile
monoblok restore edilen dislerin, fiber post-kompozit kor grubundan anlamli olarak daha ytiksek
degerlerde kirilma direnci gosterdigi gozlendi. Ancak lityum disilikat post-kor ve kompozit post-
kor gruplar1 arasinda kirilma direnci agisindan anlamli bir farklilik gézlenmedi. Boylece HO hipotezi
reddedilip ve H1 hipotezi kabul edilmistir.

Post simantasyonu ve kor yapimi i¢in farkli materyallerin kullanilmasi daha fazla adim gerektirir,
bu da koltuk siiresini ve materyaller arasindaki ara yiiz etkilesim sayisini artirir. Monoblok
tekniginde sadece tek bir materyal kullanildigindan klinik prosediirler kolaylastirilabilir, boylece
zaman ve materyal tasarrufu saglanir (9). Bitter ve ark., post simantasyonu ve kor yapimi i¢in tek
bir malzeme kullanilmasi ile, farkli malzemeler kullanilanilarak uygulanan post-kor sistemlerinde
olusabilecek olas1 uyumsuzluklarin ortadan kaldirilabilecegini ve monoblok sistemin tam
potansiyelini saglayabilecegini vurgulamiglardir (10).

Tsukahara ve ark. sigir diglerinde fiber post-kompozit kor, kompozit post-kor ve lityum disilikat
post korlarin kirilma dayanimini inceledikleri ¢alismada gruplarin kirilma dayanimi arasinda
anlamhi fark gozlenmemistir (11). Bizim ¢alismamizda farkli sonug¢ elde edilmesinin nedeni
calismalarinda kullandiklart disleri kronlamalar1 ve sigir disleriyle ¢alismalar1 olabilir. Tsukahara
ve ark. tiim gruplarda vertikal/tamir edilemeyen kiriklarin daha fazla goriildiigiinii belirtmistir.
Lityum disilikat post-kor ve kompozit post-kor gruplari igin galismamizla uyumlu sonuglar elde
edilmistir. Ancak fiber post-kompozit kor grubunda bizim ¢alismamizda tamir edilebilen kirik sayis1
daha fazladir. Bu farkli sonucun sebebi daha uzun post kullanilmasi sebebiyle streslerin daha
apikalde yogunlasip tamir edilemez kirik meydana gelmesi olabilir.

Ekren ve arkadaslar1 (12) galismalarinda dokiim Ni-Cr post-kor, fiber post-kompozit kor ve lityum
disilikat post-kor olacak sekide 3 post-kor gurubunun kirilma dayanimini incelemislerdir. Lityum
disilikat grubunun kirilma dayanimi anlamli bir sekilde diger gruplardan diisiik degerler
gostermistir.Bu sonuglari bizim c¢alismamiz ile uyumlu degildir. Bizim c¢alismamizdan farkl
sonuglar elde etmelerinin nedeni Ekren ve arkadaslarimin daha uzun (10 mm) post yuvasi
hazirlamas1 ve bu post yuvasinin 6l¢iisiinii akrilik rezin ile almalar1 sonucu kanal ile ¢ok uyumlu
olmayan bir post-kor elde edilmesi olabilir.

Pang ve ark. (13) c¢alismalarinda CAD/CAM ile hazirlanan cam fiberle giliclendirilmis kompozit
post-kor, cam fiber post-kompozit kor ve dokiim altin post-kor gruplarinin kirilma dayanimlarini
karsilagtirmistir. Bizim ¢alismamizla uyumlu olacak sekilde monoblok post-kor olarak hazirlanan
gruplarda yani cam fiberlerle gii¢lendirilmis kompozit post-kor ve dokiim altin post-kor gruplarinda
fiber post-kompozit kor grubuna gore daha yiiksek kirilma dayanimlari elde edilmistir.

Bazi caligmalar fiber postlu dislerin kirilma paterninin kirilma sonras1 daha iyi bir prognoza sahip
oldugunu gostermistir (14,15). Kirik tiplerini degerlendiren ¢alismalara gore, fiber post kullanilan

gruplarin ¢ogunda daha tamir edilebilir, sement-mine birlesiminin {izerinde seyreden kiriklar veya
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koke kadar uzanmayan koronal kiriklar gézlenmistir. Fiber postlar bu tip tamir edilebilir kiriklar ile
dis yapisinin kaybimi Onler ve disin yeniden tedavi edilmesine izin verir (16). Bu bulgular
calismamiz ile uyumludur. Calismamizda sadece fiber post-kompozit post kor grubunda tamir
edilebilir kirik sayis1 agirlikliyken, kompozit post-kor ve lityum disilikat post kor gruplarinda tamir
edilemez kirik sayis1 fazla gozlendi.

Arastirmacilar materyal ile komsu dokunun elastisite modiilleri arasindaki farkin arttikga stresin
daha ¢ok ara yiizeylerde yogunlastigini, simantasyon yiizeylerinde stresin artarak dentine ve simana
daha az stres ilettigini diisiinmektedirler (17). Cam fiber postlarin dentine daha yakin bir elastik
modiile sahip oldugu, bunun post/siman/dentin arayiizlerinde ve ¢igneme aralikli yliklemesi altinda
kalan dis yapisinda diizgiin bir stres dagilimi sagladig1 ve bdylece katastrofik kok kirigi riskini en
aza indirdigi ileri stirlilmektedir (18,19). Bu sebeple fiber post-kompozit kor grubunda daha az tamir
edilemez kirik tipi gézlenmis olabilir.

Fazla miktarda madde kaybina sahip endodontik tedavili dislerin restorasyonunda kullanilan post-
kor sistemlerinin kirilma dayaniminin incelendigi bu ¢alismada; bulgulara gore, fiber post-kompozit
kor grubunda kirilma dayaniminin diistik oldugu, ancak lityum disilikat ve kompozit post-kor
gruplarinda kirilma dayaniminin birbirine yakin oldugu goézlemlenmistir. Bu nedenle ¢ok fazla
madde kaybi olan dislerin restorasyonunda fiber post yerine lityum disilikat post-kor ve kompozit
post-kor tercih edilebilir. Ancak kirilma paternleri incelendiginde; fiber post-kompozit kor grubunda
tamir edilebilir kiriklarin sayica daha fazla oldugu gorilmistir. Lityum disilikat post-kor ve
kompozit post-kor gruplarinda ise tamir edilemez kiriklarin daha fazla oldugu goérilmiistiir.

Bu in vitro ¢alisma dislerin kirllma dayanimlarinin degerlendirilmesinde in vivo durumu tam olarak
yansitmayabilir. Klinik performansi ve kabul edilebilirligi degerlendirebilmek i¢in daha fazla uzun
vadeli klinik arastirma gereklidir.

Etik Kurul Onay:: Bu ¢alismada, “Yiiksekogretim Kurumlari Bilimsel Aragtirma ve Yayin Etigi Yo6nergesi”
kapsaminda uyulmasi gerekli tiim kurallara uyuldugunu, bahsi gecen yonergenin “Bilimsel Arastirma ve Yayin
Etigine Aykir1 Eylemler” baghgi altinda belirtilen eylemlerden higbirinin gergeklestirilmedigini taahhiit ederiz.
Calisma icin Siileyman Demirel Universitesi Tip Fakiiltesi Etik Kurulu’ndan 23.05.2023 tarih ve 116 sayil karar ile
etik kurul izni alinmigtir.

Maddi destek: Bu ¢alisma TDH-2023-9180 proje numarasi ile Siileyman Demirel Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi tarafindan desteklenmistir.
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ABSTRACT

Aim: Osteochondromas are the most common benign primary bone tumors with a medullary cavity, covered with
hyaline cartilage, arising from the juxtaepiphyseal region of the bone. This study retrospectively evaluates cases
diagnosed with osteochondroma presenting with varied localization and clinical findings, along with conventional
cases, in light of current literature. Materials and methods: Hematoxylin-eosin and, where available,
immunohistochemical stained preparations of samples from 88 patients diagnosed with osteochondroma between
January 2010 and December 2023 at the pathology department of the Faculty of Medicine were evaluated. Age,
gender, recurrence status, radiological findings, and clinical results were obtained from hospital records. The tumor
localization and histopathological characteristics were retrospectively reviewed. Results: Among the 88 cases, 50
(56.8%) were male and 38 (43.2%) female, with ages ranging from 3 to 58 years. The mean age was 22.83, and the
median age was 20. Most patients (n=55, 62.5%) presented with pain. Tumors were primarily located in the distal
femur (n=33, 37.5%) and around the knee (47 cases, 53.4%). Grade Il chondrosarcoma arising from osteochondroma
was observed in only 1 case (1.1%). Conclusions: Osteochondroma is a primary benign bone tumor most commonly
observed in males and frequently located in the distal femur. Pain is the most common clinical complaint, and surgical
resection is the preferred treatment. Although osteochondromas are typically found in long bones, they may present
with atypical localization and clinical findings. Malignant transformation, although rare, should be considered in
osteochondromas.
Keywords: Osteochondroma, Bone, Benign, Chondrosarcoma, Localization

oz
Amag: Osteokondrom, kemigin jukstaepifizer bdlgesinden ortaya ¢ikan hyalin kikirdak ile kapli, kendi mediiller
boslugu bulunan, iyi huylu, en sik primer kemik timdriidiir. Bu ¢alismada konvansiyonel olgular ile birlikte farkli
yerlesim ve klinik bulgular ile prezente olan osteokondrom tanili olgularimizin retrospektif olarak degerlendirip,
giincel literatiir 15181nda sunmay1 amagladik. Materyal ve metod: Tip fakiiltesi Patoloji anabilim dalinda Ocak 2010-
Aralik 2023 yillar1 arasinda osteokondrom tanili 88 hastaya ait hematoksilen&eozin ve varsa immiinhistokimyasal
boyali preparatlar retrospektif olarak degerlendirildi. Olgularin yas, cinsiyet, niiks durumlari, klinik sonuglar1 hastane
kayitlarindan elde edildi. Tiimoriin lokalizasyonu, radyolojik goriintiileme bulgular1 ve histopatolojik ozellikleri
retrospektif olarak degerlendirildi. Bulgular: Seksen sekiz olgunun, 50’si (%56,8) erkek, 38’1 (%43,2) kadin olup
olgularin yaslarinin 3 ile 58 arasinda degistigi ve ortalama yasin 22,83, ortanca yagin ise 20 oldugu saptandi. Olgularin
en stk agr1 yakinmasi(n:55, %62,5) ile klinige bagvurdugu tespit edildi. Tiimorlerin en sik yerlesim yeri distal femur
(n:33, %37,5) olup olgularin biiyiik ¢ogunlugunda (47 olgu, %53.,4) lezyon diz ¢evresinde lokalize idi. Yalnizca 1
olguda (%1,1) osteokondrom zemininde grade II kondrosarkomun gelistigi dikkati ¢ekti. Sonug: Osteokondrom erkek
cinsiyette daha sik goriilen, en sik distal femurda yerlesen kemigin primer benign tlimdriidiir. Klinige en sik agr
yakinmasiyla basvuran olgularda tedavi secenegi cerrahidir. Osteokondromlarm c¢ogunlugu uzun kemiklerde
goriilmekle birlikte farkli, atipik lokalizasyon ve klinik bulgular ile karsimiza ¢ikabilirler. Nadir de olsa osteokondrom
zemininde malign transformasyon gelisebilecegi akilda tutulmalidir.
Anahtar Kelimeler: Osteokondrom, Kemik, Benign, Kondrosarkom, Lokalizasyon
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INTRODUCTION

Osteochondromas are the most common benign tumors of bone and are typically detected in the
distal femur, proximal humerus, and tibia (1). Although almost all osteochondromas are solitary,
an autosomal dominant form of osteochondromatosis, known as hereditary multiple exostoses
(HME), can also be observed. Most of these cases are reported to be positive for mutations in the
glycosyltransferase (EXT) genes (2,3). Understanding the pathogenesis is useful for increasing
knowledge about the disease and can guide treatment. Genetic factors, abnormal embryological
development, and growth and developmental disorders are involved in the pathogenesis of HME
(4,5,6). Increased BMP signaling and the heightened activity of ranase, an enzyme that breaks
down heparan sulfate chains and stimulates chondrogenesis, have also been reported to play a role
in the pathogenesis; however, mutations in the EXT-1 and EXT-2 genes are most likely
responsible (6, 7). EXT-1, located on chromosome 8924.11-924.13, has been detected in 28-65%
of affected patients, while EXT-2, located on chromosome 11p11-12, has been detected in 21-61%
of affected patients (5). EXT-1 and EXT-2 are genes that encode glycosyltransferases involved in
the production of heparan sulfate, which binds to nuclear proteins in the cell membrane and
facilitates the production of proteoglycans outside the cell. These mutations have not been detected
in 5-34% of HME patients, suggesting that other EXT genes may also be involved in the
pathogenesis (8).

Among the primary benign tumors of bone, osteochondromas account for approximately 35% in
adults and 20-35% in pediatric patients (9).

Most osteochondromas, which some authors do not classify as true tumors, are asymptomatic (10).
In terms of management, cases are typically monitored in the clinic, as they are benign tumors that
usually do not cause symptoms. Complete surgical excision is indicated in cases of cosmetic
concerns, bursal inflammation, secondary fracture formation, nerve paralysis, vascular
compromise, pain, and, rarely, malignant transformation (11). The probability of recurrence after
complete excision is less than 2% (2).

The rate of surgical intervention is higher in the osteochondromatosis form, which is six times less
common than solitary osteochondroma, due to the increased risk of malignant transformation (12).
In treatment protocols, asymptomatic, small, solitary masses do not typically require surgical
intervention. One potential treatment option for such cases is retinoic acid receptor gamma
(RARY) agonists. Studies in mouse models have shown that these agonists can prevent heterotopic
ossification and may reduce the number of osteochondromas (13,14). The incidence of
osteochondromas has not been accurately determined based on histopathologically diagnosed
cases, as most are detected incidentally through clinical evaluation and imaging methods, and
surgical excision is not routinely performed (15).

Most cases are detected during the pediatric period. Thickening of the cartilage cap greater than 3
cm in pediatric patients and more than 2 cm in adults, along with reported pain and rapid growth of
the lesion after puberty, raises suspicion for malignancy (2). The thickness of the cartilage cap can
be misleading in younger patients, as this is the period when cellular proliferation peaks.
Therefore, close follow-up in the clinic, along with evaluation of the mass and its behavior over
time, is crucial (9). Symptoms resulting from vascular compression may include changes in skin
color, loss of pulse, or alterations in blood flow. Patients may also develop arterial or venous
thrombosis, aneurysms, or pseudoaneurysms. Given that the knee is the most commonly affected
area, the popliteal artery, common peroneal nerve, and posterior tibial nerve are the structures most
frequently involved (16).

Secondary chondrosarcomas may develop from existing osteochondromas. The onset of pain in a
previously asymptomatic lesion should raise suspicion of malignant transformation (9).
Transformation into chondrosarcoma occurs in approximately 5% of osteochondromas (17).
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Amplification of MYC and AP-1 transcription factors plays a significant role in the pathogenesis
of chondrosarcoma (18). Microscopic examination of chondrosarcoma may reveal necrosis and
mitotic activity, and it can infiltrate cortical bone and the marrow space. Nuclear enlargement,
hyperchromasia, size variation, and binucleation are characteristic features observed in
chondrocytes. Chondrosarcomas are classified into four grades based on histopathological
findings. Grade 1 chondrosarcomas closely resemble normal cartilage or enchondromas; thus,
identifying an infiltrative pattern can assist in differentiation. Grade 2 exhibits more pronounced
nuclear atypia, increased cellular size, and mitotic figures. In Grade 3, nuclear pleomorphism and
atypia are readily apparent. Dedifferentiated chondrosarcoma has a poor prognosis and is
characterized by spindle-shaped and pleomorphic cells devoid of a cartilage matrix. The IDH1
R132H antibody mutation is identified in approximately one-fifth of cases. Distinguishing Grade 1
chondrosarcoma from osteochondroma can be quite challenging, making it essential to evaluate
these cases using imaging methods (19).

Osteochondromas are tumors that grow outward, manifesting as either pedunculated or sessile
lesions, and are typically located in the metaphysis of bones. While direct radiography can be
utilized alone for diagnosis, computed tomography (CT) and magnetic resonance imaging (MRI)
are also valuable for measuring the thickness of the cartilage cap in cases where diagnosis is
challenging or to predict potential complications (20).

A definitive diagnosis of osteochondroma is established through histopathological examination.
Osteochondromas are characterized as hamartomatous lesions, exhibiting endochondral
ossification with cartilage tissue present on the surface. Histopathologically, benign proliferation is
observed with a medullary cavity, which is covered by hyaline cartilage, on the metaphyseal
surface of the growth plate, known as the juxtaepiphyseal region. Expansion may be observed in
the metaphyseal area where the tumor develops. Regardless of whether the tumor is pedunculated
or sessile, the continuity of trabecular structures between the tumor and healthy bone is critical for
diagnosis (21).

In this study, we aimed to retrospectively evaluate our cases diagnosed with osteochondroma,
which presented with various localizations and clinical findings, alongside conventional cases, and
to present our findings in the context of current literature.

MATERIAL and METHOD

Hematoxylin-eosin and immunohistochemically stained preparations, if available, from the
materials belonging to 88 patients diagnosed with osteochondroma between January 2010 and
December 2023 in Manisa Celal Bayar University Faculty of Medicine, Department of Medical
Pathology were evaluated. This retrospective study was approved by the ethics committee of our
institution, with approval date and number 27/12/2023/20.478.486/2172.

The hospital automation system provided information regarding the patients' ages, genders,
presenting complaints, and the specific bone or bones in which the tumors were localized.
Macroscopic images of the available materials in our archive concerning these cases were
reviewed (sample macroscopic images are presented in Figures 1-6). The bone tissue samples,
which were fixed in 10% buffered formalin and subsequently decalcified in 10% nitric acid
solution, were sectioned to a thickness of 3-4 micrometers. Routine hematoxylin and eosin (H&E)
stained slides, and additional immunohistochemical preparations deemed necessary were also
evaluated (sample microscopic images are presented in Figure 7). In the radiology department,
direct radiographs of the cases, along with available CT and MRI examinations on a case-by-case
basis, were reviewed to confirm the localizations of the tumors (Figure 8).
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Data analysis was conducted using SPSS version 21 (IBM, Chicago, IL, USA). The study included
basic descriptive statistics such as frequency, percentage, arithmetic mean, standard deviation, and
minimum and maximum values.

RESULTS

Among the 88 cases included in our study, 50 (56.8%) were male and 38 (43.2%) were female. The
ages of the cases ranged from 3 to 58 years, with a mean age of 22.83 years and a median age of 20
years (Table 1).

Table 1. Distribution of Cases by Gender and Clinical Findings

Gender n %
Male 50 56,8
Woman 38 43,2
Total 88 100,0
Clinical Complaint n %
Swelling * 31 35,2
Pain 32 36,4
Pain+swelling 5 57
Pain+limitation of movement 18 20,5
Incidentally detected with a history of Trauma 2 2,3
Total 88 100

*Cosmetic reasons were noted in 1 of 31 cases in which swelling was detected.

Eighty-eight cases presented to the clinic, with pain being the most common symptom (n = 55,
62.5%). Among these cases, 32 (58.1%) reported pain only, 5 (9%) experienced pain accompanied
by limitation of movement, and 18 (32.7%) had complaints of swelling along with pain. A history
of trauma was noted in 1 of the 5 (20%) cases that had movement limitation along with pain.
Additionally, in 2 cases, no symptoms were reported for the lesions; however, a mass was detected
incidentally on radiographs taken due to trauma. Complaints of painless swelling were observed in
31 (35.2%) cases. In one instance, a 25-year-old male patient with an intra-articular mass reported
cosmetic discomfort due to deformity as an additional complaint. Among the 5 cases with
complaints of movement limitation, the lesion was located in the proximal femur in 2 cases, in the
iliac region in 1 case, and intra-articularly in 2 cases (Table 1).

Of the 10 (11.3%) cases with multiple masses, 3 (27.2%) exhibited swelling, 2 (20%) had pain,
and 5 (50%) presented with both pain and swelling. According to the tumor locations, the most
common site was the distal femur (n = 33, 37.5%), followed by the proximal tibia (n = 14, 15.9%).
It was noted that the lesions were around the knee in most of the cases (n = 47, 53.4%).

In the distribution of tumors according to localization, the humerus ranked third (n = 7, 8%), while
the fingers ranked fourth (n = 6, 6.8%). Intra-articular tumors ranked fifth (n = 5, 5.7%), followed
by the iliac and fibula bones (n = 4, 4.5%). The toes ranked sixth (n = 3, 3.4%), and the radius,
distal tibia, and metacarpal bones each had 2 cases (n = 2, 2%). Lastly, the vertebrae, scapula, and
metatarsal bones each had 1 case (n = 1, 1.1%) (Table 2, 3). Macroscopic images of tumors with
different localizations and findings are presented in Figures 1-6.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 20


20


Erkilinc et al. Osteochondroma Histopathology

Table 2. Distribution of Osteochondromas by Location and Form

Localization of osteochondroma n %
Distal Femur 33 37,5
Humerus 7 8,0
Proximal Femur 3 3,4
Proximal Tibia 14 15,9
Hand Phalanx 6 6,8
fliac Bone 4 45
Intra-Articular 5 57
Radius 2 2,3
Vertebra 1 1,1
Scapula 1 1,1
Fibula 4 4,5
Toe 3 3,4
Distal Tibia 2 2,3
Metacarpal 2 2,3
Metatarsal 1 11
Total 88 100,0
Form of osteochondromas n %
Solitary 78 88,6
Multiple 10 11,4
Total 88 100,0

Figure 1-6: Macroscopic Samples Of Cases
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1. Mass in the Proximal Tibia: (A) Excision material measuring 7 x 3.5 x 2.5 ¢cm, with a bright
pearlescent white outer surface and a lobular appearance, occasionally containing cartilage-like
areas. (B) An area measuring 1.9 x 1.5 x 1.1 cm was observed in the distal part of the section
surface, featuring a cream-colored cartilage surface; cartilage-like foci were also noted in other
areas at the periphery of the lesion. 2. Mass in the Distal Femur: (A) Hard, palpable bone
excision material measuring 3.2 x 2.5 x 2.2 cm, with a shiny pearlescent white outer surface and
occasional irregular brownish areas.(B) The cut surface was cream-brown, with a 0.3 cm thick
cartilage-like area observed on the surface. 3. Mass on the 3rd Toe of the Left Foot: (A) Bone
excision material measuring 2.5 x 2 x 1.7 cm, exhibiting a bright and smooth appearance on the
outside in most areas. (B) In the cross-sections, an area approximately 1 X 0.5 cm in the remaining
half at the other end of the excision line appeared as smooth fibrous cartilage, while other areas
were composed of cancellous bone. 4. Mass in the Distal Femur: (A) Bone excision material
measuring 4.7 x 2.2 x 1.8 cm, apparently excised from an area of 2.5 x 1.4 cm. Its outer surface
was smooth, shiny, and white in color. (B) In cross-sections, the mushroom-shaped outer part was
covered with 0.4 cm thick cartilage tissue, with spongiotic bone tissue visible in other areas. 5.
Mass in the Distal Femur (Chondrosarcoma): (A) Measuring 13 x 11 x 3.5 cm, this specimen
exhibited a smoother appearance on one side, with a transparent-gray color and large and small
nodular areas, while the opposite side contained mature fatty tissue in places and presented more
irregular bone tissue. The material was composed almost entirely of tumors. (B) The cross-
sectional surface consisted of tumoral areas with lobulated contours, appearing as transparent
white-gray cartilage tissue. (C) Trabecular bone tissues invaded by the tumor were occasionally
observed within the tumor areas, while some areas appeared to contain mature fatty tissue in the
surrounding regions. 6. Left Hand 2nd Metacarpal Bone (NORA Lesion): (A, B) Excision
material of the bone measured 4 x 2.5 x 1.8 cm, cream-gray in color, and shiny. A nodular lesion
was observed protruding 1.3 cm from the bone surface. (C) Upon incision of the lesion, the cut
surface appeared dirty and cream-colored.

Table 3. Clinical Complaints of Cases and Distribution of Tumors by Location

Osteochondroma Histopathology

Clinical Complaint

LOCALIZATION n (t)

1* 2* 3* 4* 5* 6* 7* 8 9 10* 11* 12* 13* 14* 15*
Swelling 10 4 0 5 5 1 0 0 O 1 1 1 2 1 0 31
Pain 8 2 0 6 0 1 2 o0 1 0 1 0 0 0 1 32
Pain+immobilization o o 2 0 o0 1 2 0 O 0 0 0 0 0 0 5
Pain+Swelling 5 1 1 3 1 1 0 2 O 0 1 2 0 1 0 18
Incidental with Trauma o 0 o o o o 1 o0 O 0 1 0 0 0 0 2
N (Total) 33 7 3 14 6 4 5 2 1 1 4 3 2 2 1 88

*localization: 1: distal femur, 2: humerus, 3: proximal femur, 4: proximal tibia, 5: fingers, 6: iliac, 7: intra-articular, 8:
radius, 9: vertebra, 10: scapula, 11: fibula, 12:toes, 13: distal tibia 14: metacarpal 15: metatarsal

It was noted that grade Il chondrosarcoma developed from osteochondroma in only 1 (1.1%) of all
cases. In the case of a 45-year-old male diagnosed with chondrosarcoma, the mass was observed as
a single localized mass in the distal femur. Malignant transformation was not observed in the other
cases. Microscopic images of the tumors, displaying different findings, are presented in Figure 7.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 22


22


Erkilinc et al. Osteochondroma Histopathology

Figure 7: Microscopic Examination of the Samples

A-H: Photomicrographs of different osteochondroma cases. Osteochondroma consists of three
layers; the perichondrium is visible on the outer surface, with a cartilage cap underneath that
shows increased proliferation compared to normal bone. The tissue displays hyaline cartilage and
irregular mature bone trabeculae passing through the cartilage. No significant atypia was observed
in the proliferating chondrocytes. (H&E stained images; magnifications: x20, x40, x40, x100, x20,
x100, x200, x200). I-L: Microscopic images from a case excised from the second metacarpal of a
15-year-old male patient, characterized by a proliferative lesion on the bone surface that is not
connected to the bone cortex. The lesion, located in the stroma, is marked by spindle cell
proliferation and contains limited areas of bone trabeculae and cartilage. Reactive nuclear
enlargement was observed in chondrocytes within the cartilage areas. Osteoblasts and osteoclasts
were noted at the periphery of the bone trabeculae. (H&E stained images; magnifications: x20,
x20, x40, x40). M-N: Microscopic images of a 45-year-old male patient diagnosed with grade 11
chondrosarcoma arising from osteochondroma, localized as a single mass in the distal femur. A
tumoral lesion displaying cellular hyaline cartilage morphology with lobulation was observed. The
tumor showed areas of bone permeation. Foci of osteochondroma with a cartilage cap and spongy
bone were noted. Most chondrocytes exhibited mild atypia, though some areas displayed more
pronounced atypia with multiple chondrocytes found within the lacunae. (H&E stained images;
magnifications: x20, x40, x100, x200).

In our study, a single mass was identified in 78 of the 88 cases (88.6%), while multiple masses
were present in 10 cases (11.4%). Among the 78 cases with a single mass, 42 (53.8%) were male
and 36 (46.2%) were female. The ages of these patients ranged from 3 to 55 years, with a median
age of 20 and an average age of 23.28. In contrast, of the 10 cases with multiple masses, 8 (80%)
were male and 2 (20%) were female, with ages ranging from 3 to 38 years; the median age was 20
and the average age was 19.3. Comparison of the ages of patients with single versus multiple
masses revealed no statistically significant difference between the two groups (p = 0.576).

Among the 10 cases with multiple masses, the most common location was the distal femur (n = 3,
33.3%), followed by the humerus and proximal tibia (n = 2, 20% each), and the proximal femur,
fibula, and toes (n = 1, 10% each). Radiographic images of osteochondromas, which can present as
solitary or multiple masses in bone, are depicted in Figure 8.
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Figure 8: Direct Radiographs and MRI Examinations of The Case Were Conducted

Figure 8: A and B: Lateral and anteroposterior (AP) X-rays of the knee, showing a sessile
osteochondroma located at the distal metaphysis of the femur, presenting as a bony exostosis
continuous with the medullary bone. C: AP view X-ray of both knees demonstrating multiple
pedunculated osteochondromas originating from the metaphyses of the bilateral femurs, tibias, and
fibulas, typically projecting away from the epiphysis. D: Axial proton density (PD) fat-saturated
MRI of the distal femur revealing a benign osteochondroma located at the distal metaphysis, with
a cartilage cap measuring less than 2 cm in thickness.

DISCUSSION and CONCLUSION

It has been reported that osteochondromas are three times more common in men than in women
(22,23). In another study, the incidence of osteochondroma in women was found to be half that of
men (24). A study that focused solely on solitary osteochondromas did not identify a significant
difference between male and female patients (25). In our study, we observed a higher prevalence
of osteochondromas among male cases (n: 50, 56.8%) compared to female cases (n: 38, 43.2%).
Additionally, we noted a greater proportion of osteochondromas in patients with multiple lesions
than in those with solitary tumors.

Research indicates that osteochondromas are predominantly observed during the first and second
decades of life (24,26,27). In our cohort, which included cases ranging from 3 to 58 years of age,
we found that the majority fell within the first and second decades (mean age: 22.83 years; median
age: 20 years), consistent with existing literature.

In a study comprising fifty-six cases, it was reported that a small subset exhibited symptoms of
pain and localized swelling, while the remainder were diagnosed incidentally through radiographs
taken for other reasons (28). In our study, we found that patients most frequently presented to the
clinic with complaints of pain (n: 32, 58.1%), followed by swelling (n: 18, 32.7%). Among the
five cases (9%) that experienced limited movement in conjunction with pain, one case had a
notable history of trauma. Additionally, two cases were incidentally diagnosed with
osteochondroma following trauma. Painless swelling was reported in 31 cases (35.2%), with
cosmetic concerns identified in one instance.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 24


24


Erkilinc et al. Osteochondroma Histopathology

Most of the cases associated with limited mobility involved masses located in bones related to the
hip joint, specifically the iliac bone, proximal femur, and intra-articular regions. Although rare,
osteochondromas can lead to compression of adjacent neurovascular structures, resulting in
entrapment neuropathy of deep nerves. Neurological symptoms such as radiculopathy and
myelopathy may arise in tumors that grow toward the spinal canal (29, 30).

Osteochondromas are most commonly found in the distal femur (30%), followed by the proximal
tibia (15-20%), humerus (10-20%), hands and feet (10%), pelvis (5%), scapula (4%), and
vertebrae (2%) (31). While the literature indicates that these tumors are predominantly detected in
the knee region, one study identified the distal fibula as the third most common site, displacing the
humerus from that position (24). In our study, the tumor was most frequently localized in the distal
femur (n: 33, 37.5%), with the proximal tibia being the second most common site (n: 14, 15.9%).
Notably, the mass was located around the knee in the majority of cases (47 cases, 53.4%).

Osteochondromas have been reported in the rib cage and pelvis in approximately 5% of cases,
with an even smaller proportion found in the vertebrae (32,33). In our study, no tumors were
detected in the rib cage; however, a higher incidence of tumors was noted in the iliac bone (4.5%,
n: 4) compared to existing literature. Additionally, we documented one case each in the vertebra
and scapula, which represent rare localizations.

In a study evaluating seven hundred and forty-eight solitary osteochondromas, tumors were
identified in the bones of the foot in 10 cases, with only 2 of these located specifically in the
forefoot bones (20). In our study, osteochondromas were observed in the toes in 3 cases (3.4%)
and in the metatarsal bones in 1 case (1.1%). Additionally, tumors were detected in the fingers of
the hands in 6 cases (6.8%) and in the metacarpal bones in 2 cases (2.3%).

According to Lichtenstein et al., the prevailing hypothesis is that osteochondromas arise
spontaneously as a result of a reaction in the periosteum, triggered by rapid proliferation (34,35).
Conversely, other authors propose that the development of osteochondromas may be attributed to
endogenous factors (genetic predisposition) or exogenous influences (such as trauma or radiation)
(11,22).

Osteochondroma can have several mimics, including subungual exostosis, bizarre parosteal
osteochondromatous proliferation (BPOP), also known as Nora lesion, florid reactive periostitis,
dysplasia epiphyseal hemimelica (Trevor disease), and turret exostosis (16).

The NORA lesion, also known as bizarre parosteal osteochondromatous proliferation, is a benign
bone lesion characterized by a high recurrence rate and various morphological findings. It is
primarily observed in the small bones of the hands, infrequently in the bones of the feet, and very
rarely in larger bones (36). During our study, a case of NORA lesion that posed a challenge for
differential diagnosis was identified in our archives. This case involved a 15-year-old male patient,
in whom the lesion was localized to the second metacarpal region of the hand and was noted to
have local recurrences during follow-up in the clinic. Histopathological examination revealed bone
trabeculae and cartilage areas within the stroma, characterized by spindle cell proliferation on the
bone surface, which showed no connection to the underlying bone cortex. Occasional nuclear
enlargement of chondrocytes was also observed.

In addition to NORA lesion, the differential diagnosis encompasses parosteal osteosarcoma,
subperiosteal hematoma, exostoses (including Dupuytren and turret exostoses), and
enchondromas, all of which lack continuity with the intact bone medulla (37). The assessment of
continuity with the bone medulla is crucial for making an accurate histopathological diagnosis.
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Osteochondromas can lead to neurological complications in the extremities due to pressure exerted
on nearby nerves, as well as vascular complications arising from pressure on vascular structures.
Neurological issues may manifest as neuropathic pain or result in a loss of strength. Vascular
complications can range from thrombosis to alterations in blood flow, potentially leading to
ischemia due to insufficient nutritional supply to the tissues (2). The overall prognosis for
osteochondromas is very favorable, with a recurrence rate estimated at approximately 2% (38). In
our cases, no additional complications were reported following surgery, and no recurrences were
observed.

Although a definitive diagnosis is established histopathologically, pathognomonic features of
osteochondromas can often be identified through plain radiographic imaging. These lesions may
appear as stalked or flat protrusions emerging from the surface of the bone and are typically
located in areas where tendons attach to long bones, which can result in widening of the
metaphysis. Expected radiographic findings include calcifications or linear extensions within the
cartilage structure (39). In our study, the final diagnosis was achieved by analyzing the
radiological images of the cases and correlating our histopathological findings with clinical and
imaging data.

The periosteal reaction and the irregularity of tumor edges observed in osteosarcoma, which is
included in the differential diagnosis on imaging, are significant diagnostic factors (40). Secondary
osteosarcoma, which may arise from osteochondroma, is exceedingly rare (41). In our study, no
instances of osteosarcoma secondary to osteochondroma were identified.

Chondrosarcoma is characterized by a low signal on diffusion-weighted MRI (26). In cases of
malignant transformation, the thickness of the cartilage cap and the enhancement of septa using
gadolinium are critical for diagnosis (42). Distinguishing between osteoblastic proliferation
observed in chondrosarcoma and endochondral ossification seen in osteochondroma can be
challenging using bone scintigraphy. Positron emission tomography (PET) may aid in grading and
diagnosing chondrosarcoma; however, it is important to note that abnormal glucose retention can
occur in osteochondromas, which are common in the pediatric population and continue to grow
during this period (43). A study examining solitary osteochondromas over a span of 32 years
reported recurrence in six cases, with secondary chondrosarcoma detected in two (43). It is
estimated that 80% of secondary chondrosarcomas develop from osteochondroma. These
secondary chondrosarcomas typically present at an earlier age (approximately 35 years) compared
to primary chondrosarcomas, with a reported risk of malignant transformation of about 2% in
cases with chondromatosis. Notably, nearly half of these cases involve the pelvic bone (9). In our
study, we documented the development of grade Il chondrosarcoma from osteochondroma in a 45-
year-old male patient (1.1%). No malignant transformations were noted in the other cases, and the
chondrosarcoma was identified as a single mass located in the distal femur.

The incidence of secondary chondrosarcomas arising from osteochondromas is estimated at 1-2%.
While this rate is elevated in cases of osteochondromatosis, the actual percentage may be lower, as
many solitary osteochondromas remain asymptomatic and are often discovered incidentally (26).
In another study, it was determined that 81% of 151 chondrosarcoma cases developed from
osteochondroma (44). In our study, no malignant transformations were observed in any of the
multiple osteochondroma cases.

Secondary chondrosarcomas are typically diagnosed in individuals in their fifth and sixth decades,
whereas primary chondrosarcomas are generally identified at a younger age (45). The case of
grade Il chondrosarcoma arising from osteochondroma that we documented in our study was in a
45-year-old patient, aligning with the typical age range for secondary chondrosarcomas.
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Microscopic examination reveals several signs indicative of malignant transformation, including
increased mitosis, atypical mitosis, necrosis, hypercellularity, cystic and myxoid changes,
distortion of architecture, and nuclear pleomorphism (45). In the histopathological analysis of the
grade Il chondrosarcoma arising from osteochondroma, identified in our study, the tumor
exhibited lobulated cellular morphology of hyaline cartilage with evidence of bone permeation.
Mild atypia was noted in most areas, while atypical features became more pronounced in certain
regions, where multiple chondrocytes were observed within the lacunae.

For symptomatic osteochondromas, particularly those with cosmetic concerns, irregular borders,
radiolucent foci, or suspicious imaging characteristics such as bone destruction, the most
appropriate management involves radical excision that includes the cartilage cap. This should be
accompanied by close clinical follow-up to monitor for potential recurrence, and postoperative
radiotherapy should be considered if necessary. Additionally, in cases where the tumor's
localization may lead to instability after procedures such as laminectomy or fasciectomy, surgical
stabilization is recommended. Although malignant transformation is infrequent, careful assessment
Is warranted in cases where the cartilage cap measures over 3 cm, particularly in conditions like
Multiple Hereditary Exostoses (MHE), where the risk of malignant transformation is elevated. In
such scenarios, postoperative radiotherapy should be considered alongside rigorous clinical and
radiological follow-up (46,16).

Osteochondroma is primarily a benign bone tumor that is more prevalent in males and is most
commonly located in the distal femur. Patients typically present with complaints of pain, although
recurrence is rarely observed. While the majority of osteochondromas occur in long bones, they
may manifest with atypical localizations and clinical presentations. Osteochondromas can be
solitary or multiple, with most cases being solitary in nature. It is important to remain vigilant for
the possibility of malignant transformation, albeit rare, occurring in association with
osteochondroma.

Declaration of Ethical Code: This retrospective study was approved by the ethics committee of our institution with
date and number 27/12/2023/20.478.486/2172
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ABSTRACT

Obijective: The duration of a disease plays a critical role in understanding its progression and impact on an individual's
quality of life and symptom severity. The aim was to investigate the effect of disease duration on fatigue and quality of
life in patients with rheumatoid arthritis (RA). Material and Methods: The cross-sectional study included ninety-two
(female: 71, male:21) patients with RA. Clinical and demographic characteristics of patients were recorded. Disease
activity (Disease Activity Score in 28 joints with CRP (DAS28-CRP)), fatigue (Bristol Rheumatoid Arthritis Fatigue-
Multidimensional Questionnaire (BRAF-MDQ)), and quality of life (Short Form-36 questionnaire (SF-36)) were
evaluated in the study. RA patients were categorized into two groups based on the disease duration: duration of the
disease <10 years and duration of the disease >10 years. Results: Significant differences were found in the pain
(p=0.022), general health (p=0.028), and health change (p=0.020) subdomains of SF-36. However, BRAF-MDQ scores
and its subdomains showed no significant differences across groups. Conclusion: While the duration of RA significantly
affects certain aspects of quality of life such as pain and general health, it does not appear to influence fatigue levels.
This highlights the persistent and debilitating nature of fatigue in RA patients regardless of disease duration, emphasizing
the need for targeted interventions to address this symptom.

Keywords: Rheumatoid arthritis, Fatigue, Quality of life, Disease duration

0z

Amag: Hastalik siiresi, hastaligin ilerleyisini ve hastalarin yasam kalitesi ile semptom siddeti tizerindeki etkilerini
anlamada kritik bir rol oynamaktadir. Bu ¢alismanin amaci, romatoid artrit (RA) hastalarinda hastalik siiresinin
yorgunluk ve yasam kalitesi tizerindeki etkisinin arastirilmasidir. Materyal ve Metot: Enine kesitsel ¢aligmada, 92
(kadm:71, erkek:21) RA hastas1 analiz edildi. Hastalarin klinik ve demografik 6zellikleri kaydedildi. Hastalik aktivitesi
(Hastalik Aktivite Skoru (DAS28)), yorgunluk (Bristol Romatoid Artrit Yorgunluk-Multidimensional Anketi (BRAF-
MDQ-T)) ve yasam kalitesi (Kisa Form-36 anketi (SF-36)) degerlendirildi. RA hastalar1 hastalik siiresine gére iki gruba
ayrildi: hastalik siiresi <10 yil ve hastalik siiresi >10 y1l. Bulgular: SF-36 alt alanlar1 olan agr1 (p=0,022), genel saglik
(p=0,028) ve saglik degisimi (p=0,020) agisindan anlaml farklar bulundu. Ancak, BRAF-MDQ-T skorlar1 ve alt alanlar1
gruplar arasinda anlamli fark gdstermedi. Sonug: RA hastalarinda hastalik siiresi, agr1 ve genel saglik gibi bazi yasam
kalitesi alanlarmi 6nemli dlgiide etkilerken, yorgunluk seviyelerini etkilemedigi bulundu. Bu durum, RA hastalarinda
yorgunlugun siirekli ve zayiflatict dogasin1 vurgulamakta ve bu semptomu ele alacak hedefe yonelik miidahalelerin
gerekliligini ortaya koymaktadir.

Anahtar Kelimeler: Romatoid artrit, Yorgunluk, Yasam kalitesi, Hastalik siiresi
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic disorder that predominantly affects small joints,
leading to pain, joint destruction, and disability. This autoimmune disease can also involve extra-
articular manifestations such as cardiovascular, pulmonary, and gastrointestinal complications,
rheumatoid nodules, and vasculitis (1).

Among the myriad of symptoms, fatigue is one of the most debilitating, affecting more than 70% of
RA patients. The American College of Rheumatology (ACR) and the European League Against
Rheumatism (EULAR) have recognized fatigue as a critically important outcome for patients with
RA and have recommended that fatigue be systematically reported in all clinical trials involving RA
patients (2). Based on pieces of evidence, this fatigue is often described as pervasive, overwhelming,
and debilitating, significantly impacting daily activities and overall quality of life (QoL) (3). The
multifaceted nature of fatigue in RA patients is influenced by several factors. Persistent joint pain
and stiffness exacerbate the sensation of fatigue, while the psychological burden of managing a
chronic disease further compounds it (4, 5). Additionally, the inflammation and immune
dysregulation inherent in RA demand substantial energy from the body, intensifying fatigue.
Furthermore, medications used to manage RA, such as disease-modifying antirheumatic drugs, may
also contribute to fatigue (6, 7).

RA's impact extends beyond the physical symptoms, affecting patients' emotional and social well-
being (8). The condition can lead to feelings of isolation, depression, and anxiety, which further
deteriorate QoL (8, 9). The profound effects of RA on individuals extend to their families, friends,
and caregivers, influencing relationships, work productivity, and daily activities. Addressing these
challenges requires a comprehensive approach that encompasses both the physical and emotional
aspects of the disease (10). A study has shown that early diagnosis and intervention can significantly
improve the quality of life for patients with RA. Medical treatments combined with lifestyle
modifications, such as exercise, stress management, and a healthy diet, are crucial in managing
symptoms and improving well-being (11).

The primary objective of this study is to assess the impact of disease duration on fatigue and quality
of life in RA patients. The null hypothesis of the study was that the duration of the disease does not
affect fatigue and quality of life in patients with rheumatoid arthritis. The alternative hypothesis of
the study was that the duration of the disease does affect fatigue and quality of life in patients with
rheumatoid arthritis. By examining the relationship between how long patients have been living with
RA and the severity of their fatigue and quality of life, the study aims to provide a deeper
understanding of the disease's progression and its broader implications for patient health and well-
being. Understanding the relationship between disease duration and these critical aspects can
provide insights into better management strategies for RA patients. Additionally, by analyzing how
the length of time a patient has RA influences their experience of fatigue and overall QoL, this study
seeks to identify potential areas for intervention that may improve patient outcomes.

MATERIAL and METHOD

Study Design

The cross-sectional study received approval from the Bingol University Ethics Committee
(dated:16/04/2024, no:24/9), in accordance with the principles outlined in the Helsinki Declaration.
The study was carried out at the Clinic of Rheumatology, Ankara Etlik City Hospital. Before
beginning this study, all patients signed an informed consent form.

Patients

The inclusion criteria comprised the following: 1) Patients aged between 18 and 70 years who met
the 2010 ACR/EULAR criteria for RA (12); 2) using a regular medication regimen for RA; 3) stable
general health condition for the previous 6 months (having no significant illnesses or laboratory
abnormalities that require hospitalization or major treatment modifications).
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Patients who had a history of malignancies, cognitive deficits, receiving antipsychotic treatment,
pregnancy, alcohol dependence, fibromyalgia syndrome, other rheumatic diseases besides RA,
neurological diseases such as stroke, multiple sclerosis, and illiterate patients were excluded.
Patients with RA who met the inclusion criteria were selected using a probability simple random
sampling method.

The post-hoc power analysis was performed with G*Power 3.1.2.1 software (version 3.1.9.2, Franz
Faul, University of Kiel, Kiel, Germany). Ninety-two included patients were found to provide a
power of 0.824, based on a Type 1 error rate (alpha=0.05), effect size of 0.55 (considered a medium
effect with d>0.5), and a one-tailed hypothesis. Therefore, the present sample size was deemed to
be sufficiently powered.

RA patients were categorized into two groups based on the disease duration: duration of the disease
<10 years and duration of the disease >10 years.

Data Collection

Sociodemographic characteristics, including age, body mass index, smoking history, smoking
exposure, marital status, occupation, were obtained. The duration of disease was also recorded.
Disease activity of the participants was assessed with Disease Activity Score-28- C-reactive protein
(DAS-28-CRP) (13). All participants were questioned to complete the Short Form- 36 (SF-36)
questionnaire for quality of life (14) and the Bristol Rheumatoid Arthritis Fatigue Multi-
Dimensional Questionnaire (BRAF MDQ) for fatigue (15).

The Disease Activity

A rheumatologist evaluated the disease activity of patients with RA by utilizing the DAS-28-CRP
(13). The DAS28-CRP score is calculated by considering the number of tender joints, number of
swollen joints, CRP levels, and the global evaluation score. The DAS28 CRP score was categorised
as follows: 0-2.6 for remission, 2.6-3.2 (including 3.2) for low disease activity, 3.2-5.1 (including
5.1) for moderate disease activity and above 5.1 for high disease activity (13).

The Quality of Life

The SF-36 is a widely used generic health-related quality of life questionnaire designed to evaluate
various aspects of well-being. It encompasses eight subscales, each focusing on different domains
(16, 17). Higher scores reflect to a higher quality of life on each subscale, which is scored from 0 to
100 (14). A validity and reliability study was conducted on the scale in Turkish (17).

The Fatigue

The BRAF-MDQ is a tool utilized to assess the impact of fatigue among patients with RA across
various dimensions (15, 18). Comprising a total of 20 items, the BRAF-MDQ encompasses four
subdomains: physical fatigue, fatigue in activities of daily living, cognitive fatigue, and emotional
fatigue. All items except the first 3 items are asked to be answered according to a 4-point Likert
system (0: not at all, 1: a little, 2: quite a bit and 3: very much). The first 3 items are scored as
follows: item-1 is between 0-10, item-2 is between 0-7, and item-3 is between 0-2. The questionnaire
evaluates the last seven days. Higher scores indicating elevated levels of fatigue (15, 18). Turkish
translation and psychometric properties of the BRAF-MDQ was performed by Sari et al. (15).

Statistical Analysis

Statistical Package for the Social Science (SPSS, version 22.0) software was utilized to analyze the
data. Visual and analytical tests (Kolmogorov-Smirnov test) were used to test the normality of data.
The data are showed as number (percentage) for categorical data, mean (standard deviation) for
continuous variables with a normal distribution, and median (interquartile range) for variables
without a normal distribution. The sociodemographic and clinical characteristics of the groups
(duration of the disease <10 years versus duration of the disease >10 years) were compared with the
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independent sample t test or Mann-Whitney U test for parametric data and Fisher’s exact test or
Pearson chi-square test for categoric data. The Independent Samples t-test was performed to
compare the BRAF-MDQ and its subdomains results between the groups. For all statistical
significance, a p-value of less than 0.05 was used.

RESULTS

A total of ninety-two individuals with RA (71 female, 21 male; mean age: 55 (12.8); mean BMI:
28.1 (5.7) kg/m?) were included in the current study. The mean DAS28-CRP score of patients was
3.1 (0.7) and the median duration of the disease was 7 (3-13.5) years. Most patients were housewives
(n=54, 58.7%) and non-smokers (n=67, 72.8%). The groups were similar in terms of clinical and
demographic characteristics (p>0.05). The demographic and clinical characteristics of the patients
are indicated in Table 1.

In comparing the SF-36 results based on the duration of the disease, a significant difference was
found between the groups regarding pain (p=0.022), general health (p=0.028), and health change
(p=0.020). The comparison of the SF-36 results based on the duration of the disease is indicated in
Table 2.

The BRAF-MDQ (p=0.475) and its subdomains, including physical (p=0.738), living (p=0.091),
cognitive (p=0.400), and emotional fatigue (p=0.270), were similar between the groups. The
comparison of the BRAF-MDQ and its subdomains based on disease duration is illustrated in Figure
1.
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Table 1: Demographic and Clinical Characteristic of Patients

RA Duration of the disease Duration of the disease p value
(All <10 years >10 years
patients) (n=54) (n=38)
(n=92)
Age (year), mean (SD) 55 (12.8) 52.9 (13.1) 57.9 (12) 0.064"
Gender, n (%)
Female 71 (77.2) 39 (72.2) 32 (84.2) 0.2142
Male 21 (22.8) 15 (27.8) 6 (15.8)
BMI (kg/m?), mean (SD) 28.1(5.7) 28.1(5.2) 28.1(6.4) 0.999"
DAS28, mean (SD) 3.1(0.7) 3.1(0.6) 3.2(0.8) 0.432"
Disease duration (year), median 7 (3-13.5) 4 (2-6) 15 (10-20) <0.001°
(IQR)
History of smoking, n (%) 0.396°¢
None 67 (72.8) 40 (74.1) 27 (71.1)
Active 8 (8.7) 6 (11.1) 2 (5.3)
Ex-smoker 17 (18.5) 8 (14.8) 9(23.7)
Smoking exposure, packet*year, 16 (12-40) 15 (12-20) 35 (10-40) 0.458P
median (IQR)
Existing of comorbidity, n (%) 50 (54.3) 28 (51.9) 22 (57.9) 0.6722
Education level, n (%)
Primary School 42 (45.7) 25 (46.3) 17 (44.7)
Middle School 7 (7.6) 3(5.6) 4 (10.5)
High School 22 (23.9) 15 (27.8) 7 (18.4) 0.659¢
University 18 (19.6) 10 (18.5) 8 (21.1)
Master's degree 333 1(1.9) 2 (5.3)
Marital status, n (%)
Married 68 (73.9) 43 (79.6) 25 (65.8) 0.161°¢
Single 6 (6.5) 4(7.4) 2 (5.3)
Divorced 18 (19.6) 7 (13) 11 (28.9)
Occupation, n (%)
Housewife 54 (58.7) 31 (57.4) 23 (60.5)
Student 2(2.2) 2(3.7) 0(0) 0.065¢
Active worker 13 (14.1) 11 (20.4) 2(5.3)
Retired 23 (25) 10 (18.5) 13 (34.2)

SD: Standard Deviation; IQR: Interquartile range; DAS28: The Disease Activity Score-28
*Independent sample t test

2 Fisher’s exact test

® Mann-Whitney U test

¢ Pearson chi-square test

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 33


33


Sari et al.

Effects of Disease Duration in Rheumatoid Arthritis

Table 2: The Comparison of The SF-36 Results Based on The Duration of The Disease

Duration of the disease <10 Duration of the disease >10 p
years years value*
(n=54) (n=38)
Median (IQR) Median (IQR)
Physical function 50 (15-75) 35 (10-55) 0.050
Role limitations due to physical health 37.5 (0-100) 0 (0-75) 0.106
Role limitations due to emotional 33.3 (0-100) 0 (0-100) 0.737
problems
Energy/fatigue 50 (30-60) 32.5 (15-55) 0.056
Emotional well-being 60 (48-76) 56 (40-80) 0.469
Social function 62.5 (37.5-87.5) 50 (37.5-87.5) 0.766
Pain 67.5 (32.5-90) 43.7 (20-77.5) 0.022
General health 55 (35-70) 45 (25-55) 0.028
Health change 75 (25-75) 50 (25-75) 0.020
IQR: Interquartile range.
*Mann-Whitney U test
Physical fatigue Living fatigue
BRAF-MD =
Q s 0=0.738 . p=0.091
35 14 7
p=0.475 13,5 6
30 13 5
12,5 4
25 12 3
20 11 1
Duration of the Duration of the 0
disease <10 disease >10 Duration of the Duration of the
15 years years disease <10 yearsdisease >10 years
10 Cognitive fatigue Emotional fatigue
3,5 p=0400 6 p20270

w

N

[ERN

5 3 f ! 5
2,5
4
0 2
Duration of the Duration of the
disease <10 disease >10 15
years years 1
M Duration of the disease <10 years 05
M Duration of the disease >10 years 0 0

Duration of the Duration of the
disease <10 yearsdisease >10 years

Duration of the Duration of the
disease <10 yearsdisease >10 years

Figure 1: The Comparison of The BRAF-MDQ and Its Subdomains Based on The Duration of The Disease
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DISCUSSION and CONCLUSION

The results of the current study offer significant insights into the influence of disease duration on
fatigue and QoL in patients with RA. Our findings highlight several significant differences in the
experiences of patients with shorter versus longer disease duration, particularly in terms of pain,
general health, and perceived health changes.

Numerous studies in the literature have demonstrated that QoL is significantly lower in RA patients
compared to the healthy population (8, 9, 19). Consistent with previous studies, our findings revealed
that patients in both groups exhibited lower scores in the SF-36 subgroups. A meta-analysis indicates
that RA significantly impairs QoL, with pooled scores from the SF-36 showing that physical
domains are more adversely affected than mental health domains. This suggests that RA has a more
substantial impact on physical QoL compared to mental well-being (19). Furthermore, several
studies have emphasized the association between disease duration and SF-36 subgroups (20, 21).
Kiebles et al. demonstrated a significant positive relationship between disease duration and overall
emotional well-being, as well as role limitations due to emotional problems, indicating that patients
with a longer duration of symptoms may exhibit a greater level of acceptance of their condition
compared to those with recent onset disease (20). In contrast, Barlow et al. found no statistically
significant differences in QoL between patients with short disease duration (<1 year) and those with
longer disease duration (>10 years) (22). However, the current study indicated that QoL, specifically
regarding pain, general health, and health change, decreased in the group with a long disease
duration (>10 years). There are varying results regarding the relationship between disease duration
and QoL in RA patients in the literature. While this relationship has not yet been conclusively
demonstrated in an RA population, studies on other inflammatory conditions have found a
significant correlation between disease duration and increased disease acceptance. Therefore, when
evaluating disease duration and other symptoms in RA patients, assessing their level of disease
acceptance is important.

It was anticipated that longer disease duration, resulting in joint erosions and prolonged suffering,
would correlate with higher fatigue levels. Two cross-sectional studies found a significant
relationship between longer disease duration and fatigue (23, 24). Belza et al. proposed that fatigue
is primarily influenced by disease- and sex-related factors, such as disease duration, functional
status, and sleep quality (23). In contrast, one cross-sectional study (25) and two longitudinal studies
(26, 27) did not find an association between disease duration and fatigue. Similarly, a systematic
review indicated that RA patients experience significant fatigue in the early and later stages of the
disease (28). Similarly, disease duration was not found to influence fatigue levels in our study.
Notably, our findings indicate fatigue levels are significantly high from the onset of the disease and
do not vary with disease duration. Consistent with these studies, our study did not identify any
difference in fatigue levels between patient groups with a disease duration of less than 10 years and
those with more than 10 years. RA patients experience significant fatigue both in the early and later
stages of the disease. The possible mechanisms underlying these parameters remain unclear,
indicating the need for further studies to elucidate the relationship between disease duration and
fatigue.

The present study has some limitations. Firstly, patients were not compared based on disease
activity. Secondly, we did not consider the patients' economic and socio-cultural levels in the study.
Thirdly, patients were not asked about exercise habits or physical activity levels that could directly
impact fatigue. Additionally, while disease acceptance may influence patients' perceptions of fatigue
and quality of life, our study did not examine this aspect, representing another limitation. Fatigue
affects patients from the onset of the disease; therefore, future research should investigate the
underlying mechanisms of persistent fatigue in RA and identify targeted interventions to decrease
this debilitating symptom. Understanding the interplay between disease duration, inflammation, and
fatigue can lead to more effective treatments and support for RA patients. Additionally, longitudinal
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studies that track changes in fatigue and QoL over time in response to different treatment regimens
would provide deeper insights into managing RA more effectively.

This study highlights that while disease duration in RA significantly affects pain, general health, and
health change, its impact on fatigue is not clear-cut. Comprehensive care strategies that address
immediate and long-term health challenges are essential for improving the quality of life for RA
patients.
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ABSTRACT

Objective: The acute effects of aerobic exercise on cognitive function in young adults are well-established, yet the acute
effects of exercise on cognitive function remain incompletely understood. We aimed to investigate the acute effects of
1-session aerobic exercise on cognitive functions in healthy young adults. The study included 52 healthy young adults
(24 males, 28 females) studying at the Faculty of Physiotherapy and Rehabilitation between 2020 and 2022. Material
and Method: The exercise routine consisted of a 5-minute warm-up, followed by a 20-minute period of increased
intensity, and concluded with a 5-minute cool-down. We employed the Stroop Test to evaluate the participants' attention
levels. In addition, the number sequence (SD) subtest of the Wechsler Memory Scale-Generalized Form (WMS-G) was
used to assess the participants' memory level pre- and post-exercise. Results: The mean age of the participants was
23.34+1.13 years. The participant showed significant improvement in stroop test times but not for number of correct
and errors (Stroop 1, stroop 2, stroop 3, stroop 4, and stroop 5= p< 0.0001, p< 0.008, p< 0.0001, p< 0.0001, and p<
0.001, respectively). The participant showed no significant improvement in WMS-G values (WMS-G normal and
WMS-G reverse= p>0.308 and p >0.329). Conclusion: Aerobic exercise has been found to potentially have beneficial
effects on cognitive abilities in young adults, even after a single session. Clinicians in the field of cognitive rehabilitation
may enhance treatment outcomes by incorporating aerobic activities into rehabilitation programs. Further studies with
large sample groups and different types of aerobic exercises (swimming, running, etc.) are important to more clearly
demonstrate the acute effects of aerobic exercises on cognitive functions.
Keywords: Aerobic exercise, Cognitive function, Stroop test

0z

Amag: Aerobik egzersizin kognitif fonksiyonlar tizerindeki etkileri iyi bilinmektedir, ancak aerobik egzersizin kognitif
fonksiyonlar iizerindeki akut etkileri tam olarak anlagilamamistir. Bu ¢aligmada, saglikli geng yetiskinlerde 1 seans
aerobik egzersizin biligsel fonksiyonlar lizerindeki akut etkilerini aragtirmayi amagladik. Gere¢ ve Yontemler:
Caligmaya 2020- 2022 yillar1 arasinda Fizyoterapi ve Rehabilitasyon Fakiiltesinde 6grenim goren 52 saglikli geng
yetigkin (24 erkek, 28 kadn) dahil edildi. Katilimcilara Ergoline®-Ergoselect200 bisiklet ergometresi kullanilarak bir
seans aerobik egzersiz yaptirilmistir. Egzersiz rutini 5 dakikalik 1sinma, ardindan 20 dakikalik yiiklenme ve 5 dakikalik
soguma periyodundan olusmustur. Katilimcilarin dikkat diizeyleri Stroop Testi’yle, bellek diizeyleri Wechsler Bellek
Olgegi-Genellestirilmis Formunun (WBO-G) say1 dizisi (SD) alt testi ile degerlendirilmistir. Degerlendirmeler egzersiz
oncesi ve sonrasi olmak iizere 2 kez yapilmistir. Bulgular: Katilimcilarin yas ortalamasi 23,34 + 1,13 yil olarak tespit
edilmistir. Katilimcilarin Stroop Testi stirelerinde anlamli iyilegsme gdriilmiis ancak dogru ve hata sayilarinda anlamli
bir fark olusmamustir. (Stroop 1, stroop 2, stroop 3, stroop 4 ve stroop 5= sirasiyla p< 0,0001, p<0,008, p< 0,0001, p<
0,0001 ve p< 0,001). Katilimcilarin WBO-G degerlerinde anlamli bir fark gdzlenmemistir ( WBO-G normal ve WBO-
G ters p>0,308 ve p >0,329). Sonug: Aerobik egzersizin, tek bir seanstan sonra bile geng yetiskinlerde kognitif
fonksiyonlar iizerinde olumlu etkileri olabilir. Koginitif becerilerin gelistirilmesinde, acrobik aktiviteler diigiiniilmeli ve
egzersiz programlarina dahil edilmelidir.Aerobik egzersizlerin kognitif fonksiyonlar iizerine akut etkilerini daha net
farkl1 aerobik egzersiz tiirleri (yiizme, kosma vb.) ile daha fazla ¢aligma yapilmasi 6nem arz etmektedir.

Anahtar Kelimeler: Akut, Aerobik egzersiz, Kognitif beceri, Stroop testi
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INTRODUCTION

Aerobic exercise is any physical activity that raises the heart rate and breathing volume to supply
oxygen to the working muscles. Aerobic exercise is more convenient to perform and has a lower
incidence of adverse effects as compared with drugs. Aerobic exercise is advised for at least 150
minutes per week and can be done at home with activities such as jumping rope, running, or aerobic
strength circuits (1). The duration of aerobic exercise can start at 10 minutes and progress up to 60
minutes, depending on fitness level and goals (2). Aerobic exercise has multiple effects such as
enhanced cardiovascular well-being, decreased blood pressure, improved emotional state, weight
control, and a higher quality of sleep (3). Aerobic exercise provides numerous advantages for mental
well-being, such as diminishing depression and anxiety, enhancing mood, and improving cognitive
performance (4,5). Empirical studies have demonstrated that engaging in aerobic exercise
diminishes symptoms in individuals afflicted with depression and anxiety (6). Additionally, it
enhances physical fitness, potentially mitigating the development of these ailments. The mental
advantages of aerobic exercise are rooted in neurochemical processes. It lowers the levels of stress
hormones in the body and promotes the release of endorphins, which act as the body's innate pain
relievers and mood enhancers (7). Moreover, studies have found that exercise reduces anxiety and
despair, boosts self-esteem, and eases symptoms in individuals with severe mental illness (4).

Studies have shown that engaging in aerobic exercise can result in enhancements in multiple
components of brain function, such as executive function, memory, and attention. Furthermore,
aerobic exercise has been linked to the promotion of neurogenesis, which refers to the generation of
new brain cells, as well as the mitigation of cognitive decline in elderly people. The cognitive
benefits of aerobic exercise are believed to be associated with mechanisms such as enhanced cerebral
blood flow, decreased inflammation, and the secretion of neuroprotective and growth factors. Hence,
including consistent aerobic activity into one's daily regimen can enhance cognitive function and
promote optimal brain health (8-11).

Numerous studies have demonstrated that participating in aerobic exercise has beneficial effects on
brain functioning. Nevertheless, there is a lack of recognition of the immediate effects of aerobic
exercise on cognitive function. While a limited number of studies in the literature have documented
the immediate impact of aerobic exercise on cognitive functions, the results remain a subject of
debate (12,13). According to Kamijo et al. (14) several studies indicate that engaging in moderate-
intensity aerobic exercise has the potential to improve cognitive processes, whereas high-intensity
exercise may have a detrimental effect on them. Nevertheless, alternative research has indicated that
engaging in high-intensity aerobics can enhance cognitive function, contingent upon the temporal
alignment between the cognitive task and the exercise (13). Our studies significance lies in its ability
to illustrate the immediate effects of aerobic exercise on cognitive functioning, thereby addressing
the existing gaps in the scholarly literature pertaining to this topic. The primary objective of our
research was to examine the immediate impacts of aerobic exercise on cognitive abilities. We
hypothesised that aerobic exercise would improve cognitive functions.

MATERIAL and METHOD

Study Design

This study involved 52 healthy young adults studying at Pamukkale University's Faculty of
Physiotherapy and Rehabilitation between 2020 and 2022. The inclusion criteria were as follows:
asemptomatic healthy adults, between the ages of 18 and 27, understood the purpose of the study.
The exclusion criteria were as follows: young adults who had cardiac, pulmonary, physical, and
psychological problems; young people whose use of drugs affected their cognitive and aerobic
performance; and young people who had visual and hearing problems.

Participants
We calculated a total sample size of 45 with an effect size of 0.951, a power of 0.95, and an error
probability of 0.05. We used G*Power 3.19 (Heinrich Heine University, Dusseldorf, Germany) for
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the sample size calculations (15). We excluded 8 of the 60 participants because they did not meet
the inclusion criteria of the study. We completed the study with 52 participants.

Outcome Measurements

We recorded the demographic characteristics of the participants on a demographic data form that
we created beforehand. We assessed the participants' attention levels using the Stroop Test pre and
post aerobic exercise. Additionally, we examined the participants’ memory using the number
sequence (SD) subtest of the Wechsler Memory Scale-Generalized Form (WMS-G).

The Stroop Colour and Word Test (SCWT) was used to assess an individual's executive processing
abilities, selective attention capacity, and processing speed. This test, which consists of five different
cards, requires participants to complete the given task as quickly as possible, recording their time in
seconds. The tasks on the cards were as follows: 1. Reading the colour names written in black pen
on the card (e.g., black, blue, red); 2. Reading the colour names printed in colour on the card; 3.
Saying the colours of the shapes printed in colour on the card; 4. Saying the colour of a word
coloured but not written on the card; 5. Saying the colour of a word whose colour name is written
on the card but whose colour may differ. At the end of the test, we recorded the completion time,
the number of errors made, and the number of corrections (16).

The Wechsler Memory Scale-Generalized Form (WMS-G) was employed to evaluate the
participant’s memory level. VMS has the capacity to assess various memory functions, including
auditory memory, visual memory, visual working memory, immediate memory, and delayed
memory, in individuals aged between 16 and 90. We used digital span subtest of VMS-G to assess
memory functions. In this subtest, the individual is presented with a consecutive sequence of
numbers and instructed to count them in the same sequence. Subsequently, a consecutive sequence
of numbers is presented to the individual, who is then instructed to enumerate the numbers in reverse.
Digit span subtest consists of 16 numbers, 8 straight number sequences and 8 reversed number
sequences. The VMS-G digital span subtest has shown excellent reliability in individuals aged
between 21 and 30 (Cronbhach’s alpha: 0.88) (17,18).

Procedure

A total of 52 individuals engaged in aerobic exercise using the Ergoline®-Ergoselect200 bicycle
ergometer. The exercise routine consisted of a 5-minute warm-up, followed by a 20-minute loading
period, and concluded with a 5-minute cool-down (12,19).

Throughout the exercise, participants maintained a heart rate that did not surpass 60—70% of their
maximum heart rate. We conducted a pre-exercise assessment session and a 2-minute post-exercise
session. We calculated the maximum heart rate as 220 minus the participant's age (20).

Statistical Analysis

Collected data were processed using SPSS version 23.0 (IBM Corp., Armonk, NY, 227 USA) for
Windows. The normalities of data distributions were assessed using the Kolmogorow Smirnow test
(p<0.05), skewness, and kurtosis values. The Paired Simple test was used for parametric variables
to asses within group differences, and results are expressed as mean, standart deviations, minumum-
maximum. The Wilcoxon's signed-rank test was performed for non-parametric variables to analyze
within-group differences, and results are expressed as medians, minumum and maximum. The level
of significance was set at p<0.05.

RESULTS

This study included 52 young adults (24 males and 28 females). (46.2 % males /53.8% females).
The mean age of the participants was 23.34 &+ 1.13 years. Body mass index (BMI) of participants
were found 22.50 £+ 2.95 kg/m2 (Table 1).
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Table 1: Demographic Values of Participants,

X+ sd Min — Max
Age (year) 23.34+1.13 20-27
Height (cm) 171+9.18 155-187
Weight (kg) 65.1+£14.5 35-97
BMI (kg/m?) 22.5+2.95 16.60-29.90
Gender( male/female) 24/28 -
Gender (%) (46.2% / 53.8%)

X: Mean, sd: Standart deviations, Min-Max: Minimum - Maximum, c¢cm: Santimeter, kg: Kilogramme, BMI: Body mass
index, kg/m?: Kilogramme /meter square, %: Percentage.

Participants completed the stroop 1 test in 8.11 seconds before aerobic exercise. After the aerobic
exercise, the completion time decreased to 7.37 seconds. There was a significant difference in stropp
1 test times between pre- and post-exercise values (p: 0.0001, Table 2).

Participants completed the stroop 2 test in 8.89 seconds before aerobic exercise. After the aerobic
exercise, the completion time decreased to 7.78 seconds. There was a significant difference in stropp
2 test times between pre- and post-exercise values ( p: 0.008, Table 2).

Participants completed the stroop 3 test in 10.9 seconds before aerobic exercise. After the aerobic
exercise, the completion time decreased to 9.32 seconds. There was a significant difference in stropp
3 test times between pre- and post-exercise values (p: 0.0001, Table 2).

Participants completed the stroop 4 test in 12.0 seconds before aerobic exercise. After the aerobic
exercise, the completion time decreased to 10.9 seconds. There was a significant difference in stropp
4 test times between pre- and post-exercise values (p: 0.0001, Table 2).

Participants completed the stroop 5 test in 18.0 seconds before aerobic exercise. After the aerobic
exercise, the completion time decreased to sel6.2 seconds. There was a significant difference in
stropp 5 test times between pre- and post-exercise values (p: 0.001, Table 2).

The participants showed no nosignificant improvement in stroop test number of corrects and errors
(Stroop 1, stroop 2, stroop 3, stroop 4, and stroop 5= p>0.05) (Table 2).

The participant showed no significant improvement in WMS-G values (WMS-G normal and WMS-
G reverse= p:0.308 and p:0.329) (Table 2).
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Table 2: Comparison of Pre and Post Aerobic Exercise Values of Stroop and WMS-G Test.

Pre exercise Post exercise w P
Median (Min — Max) Median (Min — Max)

Time (second) 8.11(5.20 - 10.91) 7.37 (5.03 — 9.56) 1202 0.0001*
Stroop 1 Number of errors 0.(0 -0) 0.(0 -1) 0. 1.00
Number of correct 0.(0 -1) 0.(0 -0) 3.00 0.346
Time (second) 8.89 (8.68 — 19.71) 7.78 (8.09- 14.18) 978.5 0.008*
Stroop 2 Number of errors 0.(0 -0) 0.(0 -0) 0. -
Number of correct 80.(0 -1) 0.(0 -2 20.0 0.236
Time (second) 10.9 (7.0 — 15.08) 9.32(7.0-14.99) 1273 0.0001*
Stroop 3 Number of errors 0.(0 -1) 0.(0 -2 0. 1.00
Number of correct 0.(0 -4) 0.(0 -2 515 0.685
Time (second) 12.0 (8.68-19.71) 10.9 (8.09 — 14.71) 1288 0.0001*
Stroop 4 Number of errors 0.(0 -0) 0.(0 -1) 1.50 0.586
Number of correct 0.(0 -2 0.(0 -3) 715 0.05
Time (second) 18.0 (10.56 — 31.09) 16.2 (8.9 — 22.27) 1059 0.001*
Stroop 5
Number of errors 0.(0 -2 0.(0 -3) 21.5 0.951
Number of correct 0.(0 -5) 0.(0 -2) 197 0.329
WMS-G WMS-G normal 5.50(4-8) 6.00 (3-8) 271 0.308
WMS-G reverse 5.00(3-7) 5.00(3-7) 203 0.372

Memory Scale-Generalized, *p < 0.05
X: mean, SD: Standard deviation, Min-Max: Minimum - Maximum, w: Wilcoxon test statistics, WMS-G:Wechsler

DISCUSSION and CONCLUSION

The primary goal of the present research was to examine the immediate effects of aerobic exercise
on cognitive functions in young adults. A notable enhancement in the cognitive abilities of young
adults was demonstrated subsequent to a solitary session. The cognitive performance of adults may
be enhanced by engaging in moderate-intensity aerobic exercise, whereas high-intensity exercise
has the potential to hinder it. Nevertheless, alternative research has indicated that cognitive function
can be enhanced with high-intensity exercise, contingent upon the temporal alignment between the
cognitive activity and the exercise (12,13).

The literature extensively documents the impact of prolonged aerobic exercise on cognitive
functioning (21, 22). Nevertheless, the comprehensive awareness of the immediate impacts of
aerobic exercise on cognitive functions remains insufficient owing to variations in parameters such
as intensity of exercise, duration, and intensity, as well as its utilisation across diverse age cohorts
and in relation to various medical conditions (12,13). In a study involving 12 elderly and 12 young
males, Komijo et al. examined the short-term impacts of aerobic exercise on cognitive performance.
They observed that the latent phase of P3, which is believed to reflect the brain activity involved in
maintaining working memory during updates to the mental model of the stimulus environment,
increased during both light and moderate aerobic exercise in both age groups. However, the
amplitude of P3 only increased in the young adult group following moderate aerobic exercise.
Furthermore, both groups experienced significant improvements in reaction time following
moderate exercise (14).

In order to examine the impact of aerobic exercise on cognitive function, a cross-over study was
conducted on a group of 20 patients diagnosed with Parkinson's disease. These participants
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underwent training on a recumbent bicycle ergometer known as the 700 Excite + Recline, provided
by Technogym USAO©, which is located in Seattle, Washington. Subsequently, these individuals
were enrolled in a specific aerobic exercise programme that involved performing the exercises at an
intensity level of 50% heart rate reserve (HRR) for a duration of 20 minutes. Participants in both the
exercise and control conditions showed a reduction in decision-reaction time, according to the study
by Silveira and Roy Also, this study found that participants had a slower decision reaction time for
the target stimulus in comparison to non-target stimuli, regardless of the time or experiment (23).
A study has examined the acute effects of moderate exercise on cognitive functions, specifically the
Stroop test. According to this study short periods of moderate exercise can enhance activity in the
dorsolateral prefrontal cortex, a brain region associated with executive functions, and enhance
cognitive performance on tests such as the Stroop test (24). This is achieved by boosting the
activation of brain regions involved in cognitive control and goal-directed behavior, such as the left
dorsolateral prefrontal cortex. In parallel with the above-mentioned studies, our results have shown
significant improvement in Stroop test times. These results showed that aerobic exercise, even for
one session, may be effective on cognitive functions. We bring these findings to the attention of
specialists working in neurorehabilitation, cognitive rehabilitation, and sports rehabilitation.

Engaging in intense aerobic exercise has been found to have immediate positive effects on memory
functioning. Research has shown that engaging in one session of moderate-intensity aerobic exercise
can improve working memory (25) and the ability to differentiate between similar memories,
declarative memory, and procedural memory (26). The results indicate that engaging in intense
aerobic exercise can have a beneficial effect on tasks related to memory, emphasising the potential
of exercise as a non-pharmacological approach to improve memory function in people of various
age groups (27,28). In our study, we observed a slight improvement in memory capacity, but it was
not statistically significant. We believe that the duration and intensity of exercise may play a role in
this.

Due to the limited quantity and heterogeneity of studies examining the immediate impact of aerobic
exercise on cognitive functions, further research is required in this domain. Our study observed
enhancements in cognitive functions that align with the aforementioned literature. Consequently,
our study will contribute to the expanding body of research in this particular field.

Naturally, our study had some limitations. We conducted our study solely on healthy individuals,
underscoring the importance of studies involving individuals with cognitive impairments.
Furthermore, our study did not incorporate any form of grouping or randomization. Furthermore,
our study did not incorporate any form of grouping or randomization.

In improving cognitive skills, the integration of aerobic exercises into the program may contribute
to the development of these skills. With the goal to acquire more understanding of the immediate
impacts of aerobic exercise, a variety of aerobic exercise types—such as running and swimming—
IS necessary.

Declaration of Ethical Code: The present study obtained approval from the Non-Interventional Clinical Research Ethics
Committee at Pamukkale University (Ethics number: 60116787-020/15169). Before participating in the study, all
participants were required to give written consent after receiving comprehensive information about the study protocol,
which was in accordance with the ethical principles outlined in the Declaration of Helsinki for human experimentation.
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ABSTRACT

Objective: Infants born preterm are known to be at risk of moderate to severe developmental problems. The study aimed
to compare Touwen Infant Neurologic Examination (TINE), General Movement Assessment (GMA) and Alberta Infant
Motor Scale (AIMS) scores assessed on the same day at 3-to-5 months-of-corrected-age in infants separated by
gestational week. Materials and Methods: We included a total of 78 infants with a history of preterm birth, as very
preterm (<32 weeks, n = 26), moderate preterm (32%7 to 33%7 weeks, n = 30) and late preterm (34%7 to 36%7 weeks, n =
22), at 3 to 5 months-of-corrected-age. The study compared the results of TINE, AIMS and GMA in preterm infants
separated by gestational age, and analysed AIMS scores according to GMA results. In addition the association between
TINE and AIMS scores was assessed. Results: There was statistical significance between the prone motor performances
of the groups, due to the statistical difference between infants born late preterm and infants born very preterm; the prone
motor performance of infants born late preterm was significantly higher than infants born very preterm. Infants with
normal fidgety movements had higher prone (p=0.043) and supine (p= 0.037) motor performance scores than infants
with aberrant fidgety movements. A significant negative low correlation was found between TINE findings and total
AIMS scores. Conclusions: Infants with absent and abnormal fidgety movements have lower AIMS score and gestational
age might affect AIMS score. Additionally, it has been showed that abnormal neurologic findings, according to TINE,
are negatively related to AIMS score.
Keywords: General movements, Minor Neurological Dysfunction, Preterm

0z

Amag: Prematiire bebeklerin orta ila ciddi gelisimsel sorunlar agisindan risk altinda oldugu bilinmektedir. Calismanin
amaci, gestasyonel yaslarina gore ayrilan prematiire bebeklerin diizeltilmis 3 ila 5 aylik iken ayni giin igerisinde
degerlendirilen Touwen Infant Nérolojik Degerlendirmesi (TIND), General Movement Degerlendirmesi (GMs) ve
Alberta Iinfant Motor Skalas1 (AIMS) skorlarin1 karsilastirmaktir.

Materyal ve Metot: 3-5 ay diizeltilmis yaglarinda gestasyonel yaslarina gore erken prematiire (<32 hafta, n = 26), orta
prematiire (32%7 ila 33%7 hafta, n = 30) ve geg prematiire (3497 ila 36%" hafta, n = 22) olmak iizere toplam 78 prematiire
bebek galismaya dahil edilmistir. Calismada gestasyonel yasa gore ayrilan prematiire bebekler arasinda TIND, AIMS
ve GMs degerlendirmesi sonuglari karsilastirilmis ve GMs sonuglarina gore AIMS skorlar1 incelenmistir. Ayrica TIND
ve AIMS skorlar1 arasindaki iliski de degerlendirilmistir. Bulgular: AIMS sonuglarna gére; gruplarin yiiziistii motor
performanslari arasinda ge¢ prematiire bebekler ile erken prematiire bebeklerden kaynaklanan bir fark bulundu; gec
prematiire bebeklerin yiiziistii motor performansi erken prematiire bebeklerden daha yiiksekti. GMs degerlendirmesine
gbre; normal fidgety hareketleri goriilen bebeklerin AIMS ten aldiklar yiiziistii (p=0,043) ve sirtiistii (p= 0,037) motor
performans skorlar1, anormal fidgety hareketleri goriilen bebeklerden daha yiiksekti. TIND ile toplam AIMS skorlar
arasinda negatif diisiik bir korelasyon bulundu. Sonug: Sonug olarak, fidgety hareketleri goriilmeyen ya da anormal olan
prematiire bebeklerin AIMS skoru yani motor performanslarmin daha kétii oldugu ve gestasyonel yagin AIMS skorunu
etkileyebilecegi goriildii. Ayrica, TIND'a gore anormal nérolojik bulgular arttikga AIMS skorunun diistiigii bulundu.

Anahtar Kelimeler: General movements degerlendirmesi, Minér norolojik disfonksiyon, Prematiire
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INTRODUCTION

Preterm birth, which is defined by the World Health Organization (WHO) as birth before 37
gestational weeks or 259 days, is a main indicator of morbidity and mortality in the newborn, and
can have long-term adverse effects on infant health (1). Complications of preterm birth are the
leading cause of death in children under 5 years of age. In 2014, preterm birth was estimated to
affect 10.6% of all births globally, and it was reported that preterm birth rates ranged from 5% to
18% across 184 countries (2, 3). Although there are various classifications related to preterm birth,
the general classification is extremely preterm (<28 weeks), very preterm (287 to 31%7 weeks),
moderate preterm (32°7 to 33%7 weeks), and late preterm (34%7 to 36%7 weeks) (4). The rates of
morbidities such as low birthweight, intraventricular hemorrhage, respiratory distress syndrome,
bronchopulmonary dysplasia, and associated morbidities are seen at higher rates in infants born
preterm than term infants (5-6). In addition, 50% of these infants have the risk of future motor
coordination problems, cognitive disorders, attention deficits, and minor neurological dysfunction
(MND), and 5-15% have a high risk of cerebral palsy (CP) (4, 7).

Neurological symptoms which emerge in the absence of evident neurological pathology are defined
as MND and have been reported as being seen at a much higher rate in preterm infants (8). Delayed
development of fine and gross motor skills, permanent neuromotor abnormalities, speech problems,
intellectual delay, attention-deficit hyperactivity disorder, and learning problems which lower
academic success are seen in children associated with MND (9). It is difficult to diagnose MND
during early infancy, and a diagnosis of MND is often not made until preschool age. The study of
Hadders Algra et al. (10) concluded that MND could be determined reliably during infancy with the
Touwen Infant Neurologic Examination (TINE) and the presence of MND in infancy is a risk for
developmental dysfunction in later life and highlights the need for careful follow-up. TINE is not
widely used in clinical and research studies; however, earliest diagnosis of children with MND may
provide early intervention for improving functional developmental outcomes (10).

The aim of this study was to compare motor and neurologic outcome assessed on the same day at 3
to 5 months-of-corrected-age in infants born preterm at three different gestational age (GA) periods
on three standardized assessments; TINE, General Movement Assessment (GMA) and Alberta
Infant Motor Scale (AIMS). In consideration of the extant literature, our hypothesis was that GA
may influence both gross motor and neurological outcomes, as well as early motor performance, in
premature infants. The aforementioned three assessments were selected to assess different aspects
of development, and the research questions were established; (i) Are there differences in the motor
and neurological outcome of preterm infants born at different GA? (ii) Is there a difference between
the motor performances of preterm infants according to GMA analysis (hormal and abnormal)? (iii)
Avre the neurological status (TINE) and motor performance (AIMS) of preterm infants related?

MATERIAL and METHOD

Participants

The study was conducted in the Developmental and Early Physiotherapy Unit of Hacettepe
University, between February 2018 and December 2019, and it was approved by the Non-
Interventional Clinical Research Ethics Committee of Hacettepe University (decision no:
G018/149, dated:06/02/2018). Criteria for inclusion were a GA of less than 37 weeks and a
corrected age of 3-5 months. The exclusion criteria included infants with chromosome
malformations, malignant disorders, or congenital syndrome whose families did not want to
participate in the study and infants with a history of periventricular leukomalacia (PVL), hypoxic-
ischemic encephalopathy (HIE), and intraventricular hemorrhage (IVH). Written informed consent
for participation in the study was obtained from the parents of all the infants. The preterm infants at
a corrected age of 3-5 months were included and classified according to GA as very preterm (VPT):
<32 weeks, moderate preterm (MPT): 32%7 to 33%7 weeks, and late preterm (LPT): 3497 to 367
weeks. The study included a total of 78 infants born at different GA periods; 26 in the VPT group,
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30 in the MPT group, and 22 in the LPT group. The mean birth weight and assessment age of the
infants were 1827 g and 14.2 weeks, respectively. The infant and mother data are presented in Table
l.

Procedure

We conducted a prospective study of preterm infants born at different GA between a corrected age
of 3to 5 months old. As soon as the infant came to our clinic, first GMA was recorded (5-10 minutes)
and then TINE (15-20 minutes) and AIMS (20-30 minutes) assessments were performed,
respectively with resting periods in between. The video recordings for GMA were performed during
periods of active wakefulness of the infant with the infants lying in a supine position and partly
dressed without crying or fussing. The infants were then assessed using TINE and AIMS. All
assessments were performed on the same day. Assessors were experienced paediatric
physiotherapists, who were blind to the infant’s clinical history.

Touwen Infant Neurological Examination (TINE)

The TINE was used to assess the neurological status of the infants. The assessment is made by
observing the infant when awake and calm, in prone, supine and sitting positions, and motor
behaviours when reaching and grasping. TINE is one of the standardized infant neurological
assessments with good psychometric properties, including good reliability in a sample of infants
aged 3 to 12 months (inter-assessor agreement k = 0.83, 95% CI 0.68-0.99) (10). The findings of the
TINE were classified according to age-specific norms into clusters of dysfunction as follows: (i)
dysfunctional reaching and grasping (goal directed motility arms, type of grasping, delayed
development of grasping, arm/hand posture during reaching and grasping, quality of reaching
motility etc.); (ii) dysfunctional gross motor function (tremor, head balance, motility in supine and
prone position, performance at pull-to-sit manoeuvre, etc.); (iii) signs of brainstem dysfunction
(dysfunctional glabella and masseter reflex, Doll’s eye phenomenon and Moro reaction, etc.); (iv)
visuomotor dysfunction (deviant fixation of eyes and eye movements, visual pursuit, strabism,
sunset, etc.); and (v) sensorimotor dysfunction (deviant muscle tone, regulation of tendon reflexes,
foot sole response, etc.). The total number of dysfunctional clusters is calculated in order to
determine the neurological function classification. The classifications are as follows: normal, normal
sub-optimal, minor neurological dysfunction, or abnormal (The score range is 0-3 respectively, with
0 indicating normal function). The TINE administration took 15-20 minutes. The assessor (D.P. and
M.A.) first learned the TINE procedure, and then practiced to gain experience (at least 50
assessments) and to learn the distinction between ‘typical’ and 'sign of MND' as reported by Hadders-
Algra et al. (10). TINE was conducted on all infants included in the study.

General Movements Assessments

GMAA is one of the most predictive tools for detecting an infant’s later neurodevelopmental outcome,
particularly CP, before 5 months of corrected age (11). The excellent predictive power of GMA,
especially in a population at high risk of CP, is mainly based on fidgety movements with sensitivity
values from 95% to 98% and specificity values from 89% to 96% (11, 12). As a part of GMA,
fidgety movements are continuous small amplitude, moderate speed movements of shoulders,
wrists, hips, and ankles in all directions and of variable accelerations in typically developing infants
at 3-5 months post-term age (13). In the assessment, fidgety movements were examined and scored
as present and normal (F+), absent (F-) and abnormal (AF) (13). Seven video recordings for GMA
could not be performed as the infant was irritable or sleepy: 3 in infants born VPT, 3 in infants born
MPT, and 1 in infants born LPT. The video recordings were assessed by A.M. and H.A., who are
GMA certified and experienced paediatric physiotherapists blinded to the infants' clinical histories.
Inter-assessor Cohen’s kappa coefficient for GMA was statistically significant and showed high
agreement (k = 0.93, p< 0.001).
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Alberta Infant Motor Scale (AIMS)

Gross motor performance of infants assessed with the AIMS, which is a norm-referenced tool with
high predictive validity for long-term motor outcomes and excellent intrarater- interrater reliability
in children born preterm (14). The movements of the infant are observed when supine, prone, sitting,
and standing. The components tested for each item are based on 3 elements of movement: weight
bearing, posture, and antigravity movements. The last and the most mature items are identified in
every position, these two items constitute the developmental “window” and then score every item
in the “window” as “observed” (1 point) or “not observed (0 points). The sum of all items observed
gives a total raw AIMS score ranging from 0 to 58 and the total points are converted to age-based
centile values. Scores are marked on the AIMS forms, which consist of 58 items in 4 subscales. High
percentile ranks indicate the maturity of the infant’s gross motor skills. Infants with a centile score
of <5 are assessed as abnormal. Since “sitting” and “standing” positions are beyond the motor
development of infants at a corrected age of 3-5 months, the infant was held in that position by the
assessor and observed as follows: weight-bearing on the feet, the position of the head, active control
of the trunk, and variable movements of the legs according to gravity (14, 15). An assessor (D.P.)
performed the assessment and it took about 20 minutes. AIMS was conducted on all infants included
in the study.

Data Analysis

Statistical analyses were performed using SPSS software version 24 (IBM ®, Armonk, NY, USA).
To achieve 80% power to detect a difference with 95% confidence using a two-tailed test, based on
effect size of d=0.392 (16), a sample size of 25 participants was required for each group. The
variables were investigated using visual (histogram, probability plots) and analytic methods
(Kolmogorov-Simirnov/Shapiro-Wilk’s test) to determine whether or not they are normally
distributed. One-way ANOVA was used to compare AIMS scores among groups (VPT, MPT, LPT)
and if at least one of the groups did not show normal distribution, the Kruskal Wallis test was used.
Post-hoc corrections were used when there was a difference between the AIMS scores of VPT, MPT,
and LPT infants. The Chi-Square test was used to compare TINE and GMA proportions in different
groups. Independent sample t-tests were used to compare AIMS scores according to GMA groups
(F+/(F-and AF)), and when at least one group did not show normal distribution, the Mann Whitney
U-test was used. Finally, while investigating the associations between TINE and AIMS scores, the
correlation coefficients and their significance were calculated using the Spearman rank order
correlation. According to the correlation coefficient, correlations were interpreted as 0.05-0.4: low
correlation, 0.4-0.7: moderate correlation, and 0.7-1.0: strong correlation (17).

RESULTS

The baseline data on the characteristics and risk factors of the infants are given in Table I. Of those
included in the study, 5.1% were categorized as MND on the TINE and 11.3% (8.5% absent and
2.8% abnormal) showed aberrant (absent or abnormal) fidgety movements on GMA (Table I).

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 48


48


Atgr et al. Neurological Status of Preterm Infants.

Table 1: Characteristics and Risk Factors of Infants

(Min-
Mean (SD) Max)
(n=78)
Birth weight (gr) 1827 i
(660.2) 730-3200
Height (cm) 61 (3.9) 52-70
Birth weight (gr) 1827 i
(660.2) 730-3200
Assessment age (week)/n=78 14.2 (2.1) 12-20
Very preterm 14 (2) 12-20
Assessment age (week) Moderate preterm 14.4 (2) 12-20
Late Preterm 145 (2.2) 12-18
Very preterm 28.7 (1.6) 25-31
Gestational age (week) Moderate preterm 33.0 (0.9) 32-34
Late Preterm 36.0 (0.8) 35-36
n (%)
Male 41 (52.6)
Gender Female 37 (47.4)
Respiratory Distress Syndrome 3 (3.8)

Bronchopulmonary Dysplasia 1 (1.3)
Risk Eactors Patent Dyctus Arterios:u_s 2 (2.6)
Necrotizing Enterocolitis 1 (1.3)
Periventricular Leukomalacia 0 0)
Intraventricular Haemorrhage 0 (0)

Pre-eclampsia 13 (16.7)

FI\’/: 2tenr2rz:1(l: Hliness During Gestational Diabetes 6 7.7)
g y Hyperbilirubinemia 10 (12.8)
. NVB 10 12.8
Type of Birth /S 68 §87.2;
N 57 73.0
Type of Pregnancy IVE 21 §27.0g
Single 41 (52.5)
Multiple Gestation Twins 33 (42.3)
Triplets 3 (5.2)
AIMS Total Score 9.1 (3.6) NA
F+ 63 (88.7)
GMA F- 6 (8.5)
AF 2 (2.8)
Neurologically normal 42 (53.8)
Sub-optimal, i.e. 1-2 Dysfunctional 30 (38.5)
Clusters

TINE MND, i.e. > 2 Dysfunctional Clusters 4 (5.1)
Abnormal, i.e. Clear Neurological 2 (2.6)

Syndrome

AF; Abnormal fidgety, F-; Absent fidgety, F+; Normal fidgety, C/S; cesarean section, GMA; General Movement
Assessment, IVF; in vitro fertilization, MND: minor neurologic dysfunction, N; normal, NVB; normal vaginal birth,
NA = Not applicable, SD; standard deviation, TINE; Touwen Infant Neurological Examination.

The comparisons outcomes of TINE of the infants and the results of GMA according to GA are
shown in Table II. According to TINE, there was no significant difference between the groups
(p>0.05). Of all infants, 53.8% of infants born VPT, 33.3% of infants born MPT and 54.5% of
infants born LPT were scored suboptimal to abnormal on the TINE. According to GMA, there were
8 infants with aberrant fidgety movements; 4 out of 23 (17.4%) in the VPT group, 2 out of 27 (7.4%)
in the MPT group and 2 out of 21 (9.5%) in the LPT group.
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Table 2: Comparison Of The TINE And GMA Of The Infants Included In The Study According To The Gestational
Ages At Birth

Gestational Age
Very preterm  Moderate preterm  Late preterm Xz p

<32 wk 32-34 wk >34 wk
n (%) n (%) n (%)
Neurologically normal
12 (46.2) 20 (66.7) 10 (45.5)
TOUWEN  Suboptimal/MND or Abnormal 322 019
14 (53.8) 10 (33.3) 12 (54.5) ' '
F+ 19 (82,6) 25 (92,6) 19 (90,5)
GMA F-/ AF 4(17.4) 2 (7.4) 2 (9.5) 2.33 0.67

X2, Chi-Square test, AF; Abnormal fidgety, F-; Absent fidgety, F+; Normal fidgety, GMA; General Movement
Assessment, wk: weeks

The comparisons of the AIMS scores of the infants according to GA are shown in Table I11. At prone
position, the mean values of the AIMS raw scores were significantly higher in infants born LPT than
that of the other groups (p<0.01). No significant difference was determined between the groups in
respect of the mean raw values of the AIMS subcategories and the AIMS centile scores (p>0.05)
(Table 11I).

Table 3: Comparison of The AIMS Scores of The Infants In Corrected 3 To 5 Months According To The Gestational
Ages At Birth

Gestational Age at Birth

Moderate
Very preterm Late preterm
preterm Post-
<32 wk >34 wk
(1226) 32-34 wk (n=22) F p Hoc
(n=30)
Mean SD Mean SD Mean SD
AIMS total 8.5 3.4 9.3 3.1 9.5 4.5 0.51 0.598
AIMS prone 2.2 11 3.2 16 36 23 411 0020+ = 32wk
>34 wk
AIMS 3.4 16 35 13 36 18 005 0944
supine
AIMS sitting 1.7 1.0 1.6 0.9 1.3 .8 1.62 0.205
AIMS 1.2 1.0 11 0.4 1.0 05 073 0481
standing
Median (%25- Median (%25- Median (%25- X2
75 IQR) 75 IQR) 75 IQR) P
AIMS
centile 10 (0-25) 10 (5-25) 10 (0-10) 1.06 0.58

SCOres

F; One-way ANOVA, X2; Kruskal Wallis, AIMS; Alberta Infant Motor Scale, SD; standard deviation, IQR; Interquartile
Range,*p <0.05, wk: weeks

Comparison of the AIMS scores of the infants according to GMA statistics are shown in Table IV.
Statistical significance was found in favor of infants with normal fidgety movements for the "prone™
and "supine" subparameters (p<0.05). No statistical significance was found for the other sub-
parameters (p>0.05).
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Table 4: Comparison of The AIMS Scores of The Infants According To GMA Characteristics

GMA
F+ F- and AF
(n=63) (n=8) t p
Mean SD Mean SD

AIMS total 9.4 3.5 7.6 4.1 1.69 0.095
AIMS prone 3.1 1.8 2.7 1.6 0.78 0.043*
AIMS supine 3.7 1.4 2.7 1.9 212 0.037*
AIMS sitting 1.6 0.9 1.1 0.9 1.82 0.072
AIMS standing 1.1 0.7 1.1 0.6 0.12  0.903

Median (%25-75 IQR) Median (%25-75 IQR) Z p
AIMS centile scores 10 (0-25) 0 (0-10) -1.87 0.061

t;Independent sample t test, Z;Mann-Whitney U test, AIMS; Alberta Infant Motor Scale, GMA; General Movements
Assessment, F-; Absent fidgety, AF; Abnormal fidgety, F+; Normal fidgety, SD; standard deviation, IQR; Interquartile
Range.

The relationship between the TINE and AIMS scores of the infants are shown in Table V. A
negative, low-level statistically signficant correlation was determined between the TINE and the
total, prone, supine, sitting, and centile values of the AIMS (p<0.05).

Table V. The Relationship Between TINE and AIMS Scores of The Infants Included In The Study

TINE
r p
AIMS total -0.33  <0.001**
AIMS prone -0.25  0.002*
AIMS supine -0.32 <0.001**
AIMS sitting -0.25 0.002*
AIMS standing -0.07 0.490

AIMS centile scores -0.29 0.001*

AIMS; Alberta Infant Motor Scale, r; Spearman correlation test,*p <0.05, **p <0.01

DISCUSSION and CONCLUSION

The current study compared the motor and neurologic outcomes of infants born preterm at 3 to 5
months-of-corrected-age according to GA with three different assessments -TINE, GMA, and
AIMS- that were performed on the same day. The results demonstrated that the infants born LPT
had better motor performance than the infants born VPT. Assessment of neurologic and motor
outcomes according to TINE and GMA showed no difference between groups. In addition, aberrant
fidgety movements and worse neurological scores on TINE were associated with worse AIMS
performance.

To the best of our knowledge, no study exist which used TINE, GMA, and AIMS together on the
same time, in fidgety periods at a corrected age of 3-5 months. Only one study by Olsen et al. (18)
also used those three assessments and Neurological, Sensory, Motor, Developmental Assessment
(NSMDA), in which they associated GMA in the preterm and term period with the
neurodevelopmental outcome assessed by TINE and AIMS at 12 months-of-corrected-age for
infants born VVPT. They (18) reported that abnormal GMA quality in the preterm and term periods
was associated with adverse TINE and AIMS scores at a corrected age of 12 months.
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The neurological condition in infancy is prone to change due to the developmental transformations
of the infant brain (19). If the infant does not have a clear neurological dysfunction, early prediction
is best when it is based on multiple assessments (10). There is scant evidence and research about
the concept of MND in infancy. However, Hadders Algra et al. (10) reported that MND can be
assessed reliably during infancy with the TINE and with good psychometric properties, including a
good inter-assessor reliability. A relationship between preterm birth and MND seen in infancy has
been shown in previous studies (10, 20). It is reported that as comorbidities increase when GA
decreases, the rate of MND also increases (10, 20). Hsu et al. (20) in a cohort with 151 infants born
preterm found that the proportion of MND at a corrected age of 6 months was 21.6% for infants
born before 28 weeks, 13.2% for 29 to 32 weeks and 8.2% for 33 to 36 weeks. The present study
revealed that the TINE scores were comparable between the groups separated by GA. Our
expectation was that the rate of MND in infants born VPT was higher than in infants born MPT and
LPT. However, this finding may be attributed to the low neurological risk and low neonatal
morbidity rate observed in the VPT group included in this study.

It was shown in studies (21-23) that infants born preterm were more likely to have abnormal GMA
as well as a poorer quality of early motor repertoire than infants born at term. In our study we
compared the GMA results of infants born preterm according to GA and the findings were similar
between groups. This can be explained by the fact that our study population, including infants in the
VPT group, consisted of relatively low-risk infants and therefore there was no difference between
the groups. Additionally, previous studies (21-23) generally compare the GMA results of infants
born VPT and infants born at term. In our study, we compared infants born at VPT, MPT, and MPT
among themselves. Therefore, we could not compare the outcomes we found in our study with the
studies that included moderate and late preterm infants.

We found that our group of infants born preterm had a high percentage of aberrant fidgety
movements (11,3%, n=8/78). This percentage is rather high compared to findings of Salavati et al.
(22) (9.4%) in infants born VPT and Peyton et al. (24) (6%) in infants born MLP at 32-36 weeks
gestation with no risk factors. However Yardimci-Lokmanoglu et al. (25) reported that 18.1% of the
infants born preterm (GA between 23 and 36 weeks) showed aberrant fidgety movements and Zang
et al. (26) stated that 23% of preterm infants born <34 weeks displayed aberrant fidgety movements.
The varying rates of aberrant fidgety movements observed in these studies conducted in countries
with disparate socioeconomic levels may be attributed to the presence of additional risk factors
beyond prematurity. Furhermore, the high percentage of aberrant fidgety movements observed in
our study may be indicative of potential neurodevelopmental issues, necessitating long-term follow-
up to ascertain the long-term outcomes.

As GA and birthweight decrease, the rate of neurodevelopmental problems in the infants increases
(27, 28). Infants born at <32 weeks and with a birthweight of <1500g are at notably higher risk (28,
29). In a systematic review by Fuentefria et al. (30), it was reported that differences were seen in the
gross motor performances of preterm and full-term infants at different ages, and a relationship was
noted between atypical motor performance in AIMS and risk factors such as prematurity-related low
birthweight, peri-intraventricular hemorrhage, and chronic lung disease. In the current study, except
for the AIMS prone scores, the motor performances of the groups were similar. The prone motor
performance was higher in infants born at 34% to 36%7 weeks than infants born at <32 weeks.
Consistent with these findings, Pin et al. (31) reported that delayed motor development became more
evident with progression from the 4th month to the 8th month in preterm infants compared to term
infants. Other studies by Van Haastert et al. (32) and Syrengelas et al. (33) reported that the AIMS
scores of preterm infants were lower than full term infants at all age levels. In a study by Valentini
et al. (34) it was found that preterm infants had higher scores in supine and standing postures in the
first trimester of life compared with full term infants, but in the following months the full term
infants had more proficient movements in demanding postures. Combined with ours, these results
demonstrate the variability of movement patterns in preterm infants. But the most important point
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that distinguishes our study from those above was that we compared preterm infants among
themselves according to their GA. The possible explanation of higher scores in a prone position in
infants born LPT stem from the hypotonia observed in infants born VPT (35) Less prone positioning
of the preterm infants and more time spent in neonatal intensive care units for medical treatment
may negatively affect the acquisition of movements in supine and prone posture or bring higher rates
of neonatal complications than the other groups.

It was also reported that the abnormal GMA of infants born at <32 weeks GA were associated with
worse AIMS motor scores at 12 months corrected age (18). In the study of Snider et al. (36), which
investigated the construct validity of GMA with newborn/infant measures in infants of <32 weeks
GA, the correlation between traditional neonatal and infant motor assessments at preterm, term, and
post term ages was generally low, and the relationship between GMA and AIMS was not found. We
found that infants with normal fidgety movements had better motor performance than infants with
aberrant fidgety movements in the prone and supine subparameters of AIMS. In the age range of our
study population fewer items can be observed in the sitting and standing subparameters as they
require more advanced motor skills. Therefore, it was an expected result that there was, as yet, no
difference in the sitting and standing positions between the groups. Also, due to the low number of
participants the difference may not be reflected in the statistics.

A negative relationship was determined between the outcome of TINE and the AIMS total, prone,
supine, sitting, and centile values. Thus, it can be seen that as the outcome of TINE deteriorated in
the infants, the motor scores also decreased. However, as there were only 6 preterm infants in total
showing MND in the TINE assessment and abnormal neurological syndrome, this may have
prevented the determination of any relationship according to GA.

There were some limitations to this study. First, the number of infants in the GA groups was low
implying that the results can not be generalized. In addition there could have been more detailed
classification of the infants according to GA, such as birth at <28 weeks.

GA affects motor performance, and infants with aberrant fidgety movements have also been found
to have lower motor performance. It has also been shown that abnormal neurologic findings
according to TINE are negatively related to motor performance. Assessment of TINE, GMA, and
AIMS together provides a detailed and complementary neuromotor assessment in preterm infants,
and detecting atypical development such as MND can guide clinicians in their referalls to age-
specific early intervention programs.

Declaration of Ethical Code: In this study, we undertake that all the rules required to be followed within the scope of
the "Higher Education Institutions Scientific Research and Publication Ethics Directive" are complied with, and that
none of the actions stated under the heading "Actions Against Scientific Research and Publication Ethics" are not carried
out.
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ABSTRACT

Objectives: One of the most significant environmental risk factors, smoking, acts both locally and systemically to
contribute to the pathophysiology and development of periodontal diseases. The purpose of this research is to quantify
and contrast the levels of adropin in gingival crevicular fluid (GCF), which have a comparable mode of action to
periodontal disorders and smoking-related endothelial wall dysfunction. Materials and methods: In total, 80 participants
were enrolled in this study: 40 patients with chronic periodontitis (20 smokers and 20 non-smokers) and 40 healthy
control patients (20 smokers and 20 non-smokers). GCF samples were obtained, and clinical parameters (plaque index,
gingival index, clinical attachment level, and probing pocket depth) were noted for each participant. To measure the
amount of adropin, the enzyme-linked immunosorbent assay (ELISA) method was employed. Shapiro Wilk, Mann
Whitney U, Kruskall Wallis, and Chi square tests were used to statistically analyze the clinical and biochemical
parameters. Results: Periodontitis, GCF adropin concentrations and periodontal clinical index averages were higher than
healthy patients (p<0.001). There was no statistically significant difference in GCF adropin concentrations between
smokers with chronic periodontitis (CPS) and nonsmokers with chronic periodontitis (CP), or between smokers who
were periodontally healthy (HS) and nonsmokers who were periodontally healthy (H). Conclusions Adropin may be a
potential diagnostic tool for periodontitis, regardless of smoking. However, studies investigating different biochemical
parameters in GCF are needed to help understand the interaction of adropin with other mediators.

Keywords: Periodontitis, Smoking, Gingival fluid, Adropin

07/

Amag: En 6nemli gevresel risk faktorlerinden biri olan sigara, lokal ve sistemik etki gostererek periodontal hastaliklarin
patogenezinde ve gelisiminde rol oynamaktadir. Bu ¢alismanin amaci, benzer etki mekanizmasina sahip endotel
duvarinda sigara igmenin ve periodontal hastaliklarin neden oldugu disfonksiyonla yakindan iligkili olan dis eti olugu
stvisindaki (DOS) adropin diizeylerini 6lgmek ve karsilastirmaktir. Gere¢ ve Yontem: Bu caligmaya 40 kronik
periodontitis hastas1 (20 sigara i¢en ve 20 sigara igmeyen) ve 40 saglikli kontrol hastasi (20 sigara igen ve 20 sigara
icmeyen) olmak tizere toplam 80 kisi dahil edildi. Tim katilimcilarin klinik 6lgtimleri (plak indeksi, dis eti indeksi,
klinik atagman seviyesi, sondalama cep derinligi) kaydedildi ve DOS 6rnekleri toplandi. Adropin diizeyini analiz etmek
icin enzime bagli immiinosorbent tahlili (ELISA) teknigi kullanildi. Klinik ve biyokimyasal parametrelerin istatistiksel
analizi Shapiro Wilk, Mann Whitney U, Kruskall Wallis ve Ki kare testi kullanilarak yapildi. Bulgular: Periodontitis,
DOS adropin konsantrasyonlar: ve periodontal klinik indeks ortalamalar1 saglikli hastalara gore daha yiiksekti
(p<0.001). Kronik periodontitisli sigara igenler (CPS) ile sigara igmeyen kronik periodontitisli (CP) veya periodontal
olarak saglikli olan sigara igenler (HS) ile periodontal olarak saglikli olan sigara igmeyenler (H) arasinda DOS adropin
konsantrasyonlari agisindan istatistiksel olarak anlamli bir fark yoktu. Sonuglar: Adropin, sigara i¢imine bakilmaksizin
periodontitis i¢in potansiyel bir teshis araci olabilir. Ancak adropinin diger medyatorlerle etkilesiminin anlagilmasina
yardime1 olmak i¢in DOS'daki farkli biyokimyasal parametreleri arastiran ¢aligmalara ihtiyag vardir.
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INTRODUCTION

Periodontitis is an infectious disease that occurs related to relations between the pathogen
microorganisms and the host in tissues that surround and support the teeth, progresses, manifests
itself with progressive attachment and tooth loss, and is characterized by gingival recession and/or
pocket formation (1). While bacterial plaque accumulation and host defense system have primary
roles in the onset and progress of periodontal disease, the progress, severity and control of disease
is affected by many local, environmental, systemic and genetic factors, and the possibility infection
increases when these factors are present (2).

One of the main important environmental risk factors of periodontitis, which is defined as a ‘multi-
factorial’ and ‘eco-genetic’ disease, is smoking. There is a potent correlation between smoking and
the occurrence, spread and severity of periodontal diseases which has been researched for many
years (3,4). According to the study conducted, it is known that an impairment occurs in the
antimicrobial function, an increase is seen in the mediators playing a role in bone destruction,
severity of periodontal diseases associated with the increased number of periodontopathogenic
bacteria increases, and bone and attachment loss is seen in periodontal tissues, due to smoking (5).
Smoking harms the immune system in a number of ways. The component in tobacco can interfere
with neutrophil chemotaxis and/or phagocytosis, which alters cytokine or inflammatory mediator
release. Decreased blood flow and botched revascularization in the periodontal tissues are two
additional effects of smoking that postpone wound healing (6).

Cytokines and growth factors take place in inflammatory cases such as periodontal disease and tissue
damage that develops due to smoking. Vascular endothelial growth factor (VEGF), one of the
growth factors, has a key role in the development of periodontal disease. There are many studies
suggesting that it is an important biomarker in the monitoring of the disease (7,8). Vascular
endothelial growth factor also has an important role in angiogenesis and wound healing in cases of
tissue damage (9). Vascular endothelial growth factor is significant in repairing endothelial damage
that develops due to smoking, and in balancing the hypoxia (7). The level of VEGF has increased
due to smoking and the dysfunction caused by periodontal diseases on the endothelial wall (10).

In studies performed in recent years focusing on endothelial dysfunction and maintenance of
endothelial function, a new molecule has been discovered that is predicted to have an important
effect on enabling vascular hemostasis. Called adropin, this molecule in peptide structure was first
defined in 2008 by Kumar et al. (11). The molecular weight of adropin is about 7,927 Kda, and it is
encoded over the energy homeostasis-associated gene (ENHO) that consists of 76 aminoacids. Many
studies have been carried out in the field of medicine on adropin. It was shown in the first study that
adropin is produced by the liver and brain tissue. Adropin is a hormone that is released mainly to
participate in the insulin response and maintenance of energy balance. It regulates to fasting and
nutrition (11). It has also been proven that adropin might be closely associated with glucose
metabolism, dyslipidemia and metabolic syndrome (12).

The effect of adropin on the endothelium was first studied by Lovren et al. in 2010, and results were
obtained proving such hypotheses (13). In a study performed using Balb/c mice in vitro and in vivo,
it was observed that endothelial cells that were provided with adropin from outside showed higher
proliferation, permeability of the endothelial cells decreased and they underwent TNF-alpha
controlled apoptosis. Based on the results, it was concluded that adropin has a role in protecting the
endothelium and enabling its sustainability (13).

In this context, adropin, a peptide hormone and a new bio-marker that takes part in the endothelial
function with the activation of vascular endothelial growth factor receptor-2 (VEGFR-2) and
phosphatidylinositol-3-phosphate kinase (PI3K) pathway in the vessel wall endothelium, is of great
importance to present study (13). Considering that adropin might be closely associated with the
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dysfunction in the endothelial wall caused by smoking and periodontal diseases, we aimed to review
the adropin concentrations in the GCF samples of cases with periodontitis due to smoking.

MATERIAL and METHOD

Patient Selection and Clinical Evaluations

In total, 40 patients with chronic periodontitis (26 males/14 females, aged 28-63) 20 with smokers
and 20 non-smokers, 40 individuals who were periodontally healthy (22 males/18 females, aged 20-
56) 20 with smokers and 20 non-smokers participated in this study from May 2016-May 2017 at the
Gaziantep University, Dentistry Faculty, Periodontology Department. In order to find a significant
change of 1.4+1.5 (Effect size = 7.6-9) units in adropin levels between the chronic periodontitis
smoker and periodontally healthy non-smoker groups, the minimum number of subjects required in
each group was determined as 19 (.= 0.05, 1- B = 0.80) (power analysis). Inclusion criteria included
the absence of any known systemic disease; have clinically healthy periodontal tissues or a diagnosis
of chronic periodontitis; and the presence of > 14 natural teeth in the mouth (excluding third molars).
Exclusion criteria from the study; having any known systemic disease, using antibiotics and oral
contraceptives in the last 6 months, having received periodontal treatment in the last 6 months, being
pregnant or lactating. The study was approved by the ethics committee of the Gaziantep University
of Gaziantep, Turkey (reference number 2016/128). The informed consent form was signed by all
the individuals included in the study after they were informed of the aim and method of the study.
All individuals participating in our study were evaluated according to the criteria in the 1999
periodontal disease classification and categorized as periodontal healthy and chronic periodontitis
(14). To evaluate the periodontal status of individuals, plaque index (PI) (15), probing depth (PD),
gingival index (GI) (16) and clinical attachment level (CAL) were measured and a periodontal
examination including radiographic evaluation was performed. Williams periodontal probe (Hu-
Friedy, Chicago, Illinois, USA) was used to measure clinical periodontal parameters. Measurement
of clinical periodontal parameters and collection of GCF samples were performed by a single trained
investigator (B.O.). Periodontally healthy individuals had no probing depth (PD) (PD<3 mm) and
no radiographic bone loss. Twenty smokers and 20 non-smokers with chronic periodontitis diagnosis
established in clinic and radiologic examination, a clinic attachment loss (CAL) mouth mean value
>4 mm, and a PD > 5 mm in at least 20 areas were included in the study. Patients who have smoked
at least 10 cigarettes a day for at least five years were examined in the smoker group, whereas
patients who never smoked in their lives or quit smoking two years ago were examined in the non-
smoker group. Smoking status was determined by asking individuals. Package year was obtained by
dividing the number of cigarettes smoked a day by 20, and multiplying the result with the number
of smoker years (17).

Collection and Quantification of GCF Samples

On the day following the clinical assessments (24 hours later), GCF samples were taken from a total
of 4 teeth per session in the area with highest pocket depth during probing in each quadrant of the
patients using sterilized paper strips (Periopaper® , OraFlow Inc., PlainView, New York, USA).
Then each paper strip was placed inside the gingival pocket until a slight resistance was felt, and left
there for 30 seconds (18). Samples with blood and saliva were not included in the evaluation.
Gingival crevicular fluid volume of the strips were measured and recorded in the pre-calibrated
Periotron 8000 device (Orafow Inc., Plainview, New York, USA). Paper strips including the GCF
samples were put in an Eppendorf tube and stored at -80 degrees until day of analysis.

Biochemical Analysis of Adropin

For the analysis, 500 pL serum physiologic was added to the GCF samples in the Eppendorf tube,
and samples were left at +4°C for one night. Once the waiting period was over, Eppendorf tubes
were centrifuged, supernatant was separated, and adropin measurement was made in the supernatant.
Adropin (Phoenix, ABD) level was measured using the ELISA method in the samples.
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This kit measures the adropin level using the quantitative competition sandwich enzyme
immunoassay technique in 5 hours. Color intensity was measured at 450 nm using the ELISA reader
(Biotek Instruments, ABD) spectrophotometrically and adropin levels were calculated using
standard graphics.

Statistical Analysis

The Shapiro-Wilk test was used in the statistical analysis of the data to check the normal distribution
of numerical information. In order to cross-check variables that did not have a normal distribution
in two groups, the Mann Whitney U Test was utilized. When comparing numerical data with a
normal distribution between four groups, ANOVA and LSD multiple comparison tests were
employed, whereas Kruskal Wallis and Allpairwise tests were used when comparing data with a
non-normal distribution between four groups. The Spearman Rank correlation coefficient and the
Chi-Square test were used to examine the correlation between numerical variables and categorical
variables, respectively. For both descriptive statistics and categorical variables, the mean value was
expressed as +standard deviation and in percentage terms, respectively. Software from the SPSS
22.0 package was used for the analysis. Statistical significance was defined as P<0.05.

RESULTS

Present study consisted of 80 patients divided into 4 groups as smokers with chronic periodontitis
(CPS) (4 females, 16 males), non-smokers with chronic periodontitis (CP) (10 females, 10 males),
smokers with periodontally healthy (HS) (5 females, 15 males) and non-smokers with periodontally
healthy (H) (13 females, 7 males). The mean age + standard deviation value of participants was
37.51£11.21. Intergroup changes and comparisons related to the clinical and laboratory findings
including sample area clinical data (PI, GI, SCD, CAL), whole mouth clinical data (PI(t), GI(t),
SCD(t), CAL(t)), GCF volume measurements and GCF adropin concentrations have been given in
Table 1.

According to the result of the statistical evaluation performed, whole mouth (PI(t), PD(t), GI(t),
CAL(t)), sample area (PI, PD, GI, CAL) clinical data and GCF volume (pul) value were higher at a
statistically significant level in the group with chronic periodontitis (CPS and CP) as compared to
the healthy group (HS and H) (p<0.001). No statistically significant difference was seen between
CPS and CP, and the HS and H (Figure 1).

According to the GCF adropin concentrations, adropin values of the group with chronic periodontitis
(CPS and CP) were observed to be higher at a statistically significant level as compared to the
healthy group (H) (p<0.001). Adropin values of the group with chronic periodontitis (CPS and CP)
were found to be higher at a statistically significant level as compared to HS group (p<0.05) (Figure
2). Even though GCF adropin concentration was observed to be higher in CPS as compared to CP
as well as HS as compared to H, no statistically significant difference was seen. Only a positive
association was observed in the CPS group between GCF adropin levels and PD values; there was
no link identified between gingival inflammatory indicators and GCF adropin levels.
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Table.1 Clinical Periodontal Parameters of All Groups

Adropin, Smoking and Periodontitis

CcPS cP HS H
(N=20) (N=20) (N=20) (N=20) p
o B Y 0
P19 2.5620.51 2.48+0.48 0.09£0.14 0.03+0.06 ** gy, a8, By, BS
T
PD(t)T(mm) 4.890.50 4.6720.43 1.5520.27 1.6020.20 ** oy, a3, By, B5
G'T(t) 2.05£0.26 2.0420.13 0.040.06 0.070.07 ** gy, a8, By, BS
CAL(E? (mm) 5.05£0.58 4.7420.43 1.5520.27 1.6020.20 ** oy, a3, By, B5
F:rl 2.5240.45 2.49+0.48 0.13£0.19 0.0420.12 ** gy, a8, By, BS
PD
(mm) 7.68+1.25 7.65+1.11 1.63+0.33 1.68+0.30 ** ay, ad, By, PO
T
GTI 2.03+0.26 2.06£0.20 0.06£0.11 0.16+0.19 ** gy, a8, By, BS
CAL
(mm) 8.00£1,206 7.76+1.15 1.6320.33 1.68+0.30 ** gy, a8, By, BS
T
GCF Volume
(ul) 0.880.20 0.910.19 0.07£0.07 0.1140.09 ** gy, a8, By, BS
T
Adr ** 3, B
(ng/mL) 0.54+0.39 0.47+0.25 0.30+0.14 0.25£0.12
5 * oy, By

CPS(a): Smokers with chronic periodontitis, CP(B): Non-smokers with chroni periodontitis, HS(y): Smokers with

periodontally healthy, H(8): Non-smokers with periodontally healthy

PI(t): Plaque index total, PD(t): Probing depth, GI(t): Gingival index total, CAL(t): Clinical attachment level total,
PI: Plague index sample area, PD: Probing depth sample area, GI: Gingival index sample area, CAL: Clinical

attachment level sample area
+ mean + std. deviation

* Statistically significant (p<0.05)
**Statistically highly significant (p<0.001)

1,40
1,20
1,00 I
o 1

60

GCF Volume %95 CI

.40

.20

KN

,00

T T T
CPs CcpP HS

GROUP

Figure 1: Gingival crevicular fluid volume (ul) values of groups
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Figure 2: Gingival crevicular fluid adropin concentrations (ng/mL) of groups

DISCUSSION

In terms of determining GCF adropin concentrations in healthy and periodontitis areas, the degree
of cigarette smoking influencing these concentrations, and the relationships between GCF adropin
concentrations and clinical parameters, this study is the first that we are aware of. Present study is a
new study that examines the extent to which smoking affects the adropin level, one of the peptide
hormones, in healthy individuals and those with periodontitis.

Smoking is considered one of the most important factors in the onset and advancement of destructive
periodontal diseases. Action mechanism of smoking on the oral health has not been understood
completely. According to the literature review, there are many studies examining the effect of
smoking on periodontal clinical parameters, and these studies suggest inconsistent results (3,4).

In some studies, Pl increases with smoking, which makes the researchers believe that the oral health
of smokers is worse than that of non-smokers (19,20). In a study carried out by Feldman et al., less
plaque accumulation was reported in smokers (21). Other studies show that smoking has no apparent
effect on the P1 (22,23). Present study supports this information. Even though the PI values of the
smoker individuals in periodontitis and healthy groups are higher than those of the non-smokers, the
difference between them is not statistically significant.

Although there are many studies showing the Gl increases with smoking (22,24), Gl decreases with
smoking in some studies (25,26). There are many studies in literature showing that smoking has no
apparent effect on GI (27,28). While mean GI values of the individuals in healthy group are near-
zero, it is seen to cause an insignificant decrease depending on the smoking status. This shows that
smoking suppresses the gingivitis that occurs as a response to the available dental plaque, and several
studies performed support this information (23,29).

While it is emphasized in some studies that periodontal bone loss is seen in smoker individuals with
good oral hygiene (28) and PD increased with smoking (21,31,32); in our study, even though the
clinical attachment loss and PD values of the smoker individuals in periodontitis and healthy groups
are higher than those of the non-smokers, the difference between them is not statistically significant.
We think that no significant difference occurred in present study based on the smoking state, since
the selection criteria were limited (CALmean>4) (PDmean>5 mm). This result might be associated
with the absence of an apparent difference between the oral hygiene of smoker and non-smoker
patients included in the study.
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Smoking affected the GCF volume in a negative way, which is associated with the reduction in the
early findings of inflammation along with the vasoconstriction that occurs in vessels with smoking
(33,34). Present study supports this information, and even though the GCF volume of the smoker
individuals in periodontitis and healthy groups are lower than those of the non-smokers, the
difference between them is not statistically significant.

In present study, adropin was determined in all of the GCF samples. According to the literature
review, our study is the first that evaluated adropin concentration in GCF around natural teeth. In
studies on systemic diseases, adropin was found in various body fluids. Many samples such as
serum, plasma, tissue samples and cell cultures were used (35-37). It is understood with this study
that although the GCF adropin concentrations are lower than the adropin concentrations in other
body fluids, gingival crevicular fluid can be used in the examination of the effect of adropin on
periodontal tissues.

In literature, there are many studies examining the periodontal disease-hormone relationship (38,39).
Thanks to studies performed in recent years, it was concluded that peptide hormones are produced
in periodontal cells, and contribute to periodontal infection and recovery (40). The body uses peptide
hormones such as adiponectin, leptin, and adropin for similar purposes. Recent research has shown

that leptin and adiponectin, which are well-known for their impacts on metabolism, reproduction,
and body weight management, can directly affect immunological responses and may have a role in
certain inflammatory illnesses, including periodontitis (40, 41).

As aresult of the literature review we have performed, many studies have been found examining the
relationship of leptin-periodontitis and adiponectin-periodontitis. While other authors have shown
no changes in plasma leptin levels throughout the inflammation, some investigations have revealed
elevated levels of the protein consistent with chronic inflammation (42,43, 44, 45). It has been
proposed that endothelial dysfunction during chronic inflammation causes an increase in leptin
levels (46).

To our knowledge, there is no study that examines the relationship of adropin-periodontitis. The
molecular weight of adropin in peptide structure is about 7,927 Kda, and it is encoded over the
ENHO that consists of 76 aminoacids (11). Having a protective and regulating role in the endothelial
function, adropin molecule regulates VEGFR-2 pathway in the endothelium, enables continuity of
the operation of endothelial function, and acts to prevent endothelium dysfunction (13). Smoking
and periodontal disease have resulted in endothelial dysfunction on the endothelial wall, therefore
the level of VEGF has increased (10). In a study that investigated the VEGF level of patients with
periodontitis, gingival crevicular fluid VEGF amount collected from the diseased areas in patients
with periodontitis was found to be higher than those collected from the clinically healthy areas (47).
In another study performed, VEGF levels of healthy, gingivitis, periodontitis and post-periodontal
treatment groups were compared (9). The VEGF level was found to be higher at a statistically
significant level in the periodontitis group as compared to the control group, and a decrease was
observed in the post-treatment VEGF level (9). In a study evaluating the VEGF levels in periodontal
tissue and GCF in health and disease groups, VEGF level in the periodontitis group was observed
to be significantly higher as compared to the healthy group. The reason behind such an increase was
associated with the role played by PGE», 1L-1 and TNF-a in GCF which emerge in case of
periodontal disease, in the induction of VEGF (48). In a study performed by Johnson et al., VEGF
and IL-6 levels were investigated in patients that were healthy (<3mm), had gingivitis (<3mm) and
had a periodontal pocket of 4-6mm and >6mm, and VEGF and IL-6 level in healthy patients were
found to be lower in patients with periodontitis (47). VEGF concentration was higher in patients
with a periodontal pocket of 4-6 mm as compared to those with >6mm. The reason behind this is
believed to be the fact that VEGF increases since the vascularization increases at the onset and
progress phase during the shift from gingivitis to periodontitis (47).
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Gundogar et al. examined the adropin level in the peri-implant sulcus in peri-implant patients. In
this study, PISF adropin levels, a statistically significant difference was noted between Pl and H
groups (p>0.05), (p<0.05) (47).

According to our study, adropin concentrations of the group with chronic periodontitis (CPS and
CP) were observed to be higher at a statistically significant level as compared to the H (p<0.001)
and HS (p<0.05). All of these studies support our study. In particular, the increase in adropin in the
P1 group in the study of Gundogar et al. is consistent with the increase in adropin concentration in
the periodontitis group in our study (49).

On the other hand, a study that examines the effect of smoking have shown that the plasma leptin
levels are lower in smokers (50). However, others have suggested higher plasma leptin levels in
smokers and long-term nicotine gum users than in non-smokers (51,52). There are inconsistent
results in this subject. The effect of smoking on VEGF level was researched in the study performed
by Booth et al. (48), and it was seen that smokers had lower saliva VEGF levels as compared to non-
smokers in the one-way analysis of variance. However, VEGF levels were not affected by smoking
in the 2-way analysis of variance. In another study, an increase was seen in mediators such as
vasoproliferative agents and VEGF depending on exposure to smoking (53).

Depending on these studies, it was concluded that smoking blocked the eNOS/NOS pathway
irreversibly, and led to an over-accumulation in the VEGF/VEGFR2 that activates this pathway
which was blocked in an irreversible way. According to our study, GCF adropin concentration was
observed to be higher in CPS as compared to CP as well as HS as compared to H, no statistically
significant difference was seen. Our study also supports this information, and the increase in adropin
concentration of patients with periodontitis is believed to be related to the increase in VEGF, which
has a pro-inflammatory effect in inflammatory diseases such as periodontitis. The absence of
smoking’s effect on adropin concentration is attributed to the fact that no statistically significant
difference was seen in the GCF adropin concentration since smoking blocks the eNOS/NOS
pathway irreversibly and leads to accumulation in the VEGF/VEGFR2. However, it is still not
known at which step of this pathway smoking blocks it using which action mechanisms. Multicenter
studies may be needed to understand this situation.

Furthermore, the study by Bozkurt et al. indicated that only a positive association was observed
between GCF leptin concentrations and PD values from 4 to 5 mm in the smokers group, and no
link was identified between the GCF leptin concentrations and gingival inflammatory measures (54).
Similar to this study, ours also observed no link between gingival inflammatory parameters and GCF
adropin concentrations, but only a positive correlation between GCF adropin concentrations and PD
values in the CPS group. As a result, smoking may not directly affect peptid hormones. Studies with
larger participation are needed to fully understand the relationship between adropin and smoking.

CONCLUSION

The aim of present study was to review the adropin concentration in the GCF of patients with
periodontitis, considering that adropin might be closely associated with the dysfunction caused by
smoking and periodontal diseases in the endothelial wall. Based on the results of this study, we
believe that GCF adropin concentrations in periodontal disease and health cases is affected by the
periodontal inflammatory state rather than smoking. Since adropin is a new mediator, there is a need
for multi-center studies with a larger participation in order to fully understand the relationship
between adropin, which is a peptide hormone and related to many systemic diseases, and the
periodontal tissues. We believe that adropin will be subject to more studies in the literature in the
future, and an important marker in the diagnosis and treatment of periodontal diseases.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 63


63


Ozsoy et al. Adropin, Smoking and Periodontitis

Acknowledgment: The study was conducted at the Department of Periodontology, Faculty of Dentistry, Gaziantep
University, Gaziantep, Turkey. Both authors certify that they have no conflict of interest to disclose in relation to the
subject matter or materials discussed in the present study.

Declaration of Ethical Code: All procedures performed in this study involving human participants were in accordance
with the ethical standards of the institutional and national research committee and the 1964 Helsinki declaration and its
later amendments. Individuals without systemic disease were included in this study from May 2016-May 2017 at the
Gaziantep University, Dentistry Faculty, Periodontology Department. The study was approved by the ethics committee
of the Gaziantep University of Gaziantep, Turkey (amended protocol 2016/128 and an approval was obtained dated
05.02.2016).

In this study, we undertake that all the rules required to be followed within the scope of the "Higher Education
Institutions Scientific Research and Publication Ethics Directive" are complied with, and that none of the actions stated
under the heading "Actions Against Scientific Research and Publication Ethics" are not carried out.

REFERENCES

Kornman KS. 2008. Mapping the Pathogenesis of Periodontitis: A New Look. J Periodontol 79(8):1560—1568.
Genco RJ.1996. Current view of risk factors for periodontal diseases. J Periodontol 67(10):1041-1049.

Bergstrom J, Preber H.1994. Tobacco Use as a Risk Factor. J Periodontol 65:545-550.

Bartold PM. 2006. Periodontal tissues in health and disease: Introduction. Periodontol 2000 40(1):7-10.

Grossi SG, Skrepcinski FB, DeCaro T, Zambon JJ, Cummins D, Genco RJ. 1996. Response to periodontal therapy
in diabetics and smokers. J Periodontol 67(10):1094-1102.

agrwdPE

6. Tipton DA, Dabbous MK. 1995. Effects of Nicotine on Proliferation and Extracellular Matrix Production of Human
Gingival Fibroblasts In Vitro. J Periodontol 66(12):1056-1064.
7. Erol N. 2007. Vaskiiler Endotelyal Biiyiime Faktorii ve Anti-VEGF Ajanlar. Ret-Vit 15:35-40.

8. Ng YS, Krilleke D, Shima DT. 2006. VEGF function in vascular pathogenesis. Exp Cell Res 312(5):527-537.

9. Prapulla DV, Sujatha PB, Pradeep AR. 2007. Gingival Crevicular Fluid VEGF Levels in Periodontal Health and
Disease. J Periodontol 78(9):1783-1787.

10. Michaud SE, Dussault S, Groleau J, Haddad P, Rivard A. 2006. Cigarette smoke exposure impairs VEGF-induced
endothelial cell migration: Role of NO and reactive oxygen species. J Mol Cell Cardiol 41(2):275-284.

11. Kumar KG, Trevaskis JL, Lam DD, Sutton GM, Koza RA, Chouljenko VN, Kousoulas KG, Rogers PM, Kesterson
RA, Thearle M, Ferrante AW. 2008. Identification of adropin as a secreted factor linking dietary macronutrient
intake with energy homeostasis and lipid metabolism. Cell Metab Elsevier Inc 8(6):468-481.

12. Kumar KG, Zhang J, Gao S, Rossi J, McGuinness OP, Halem HH, Culler MD, Mynatt RL,Butler AA. 2012.
Adropin deficiency is associated with increased adiposity and insulin resistance. Obesity_Nature Publishing Group
20(7):1394-1402.

13. Lovren F, Pan Y, Quan A, Singh KK, Shukla PC, Gupta M, Al-Omran M, Teoh H, Verna S. 2010. Adropin is a
novel regulator of endothelial function. Circulation 122(1):185-192.

14. Armitage GC. 1999. Development of a classification system for periodontal diseases and conditions. Ann
Periodontol Dec;4(1):1-6. doi:10.1902/annals.1999.4.1.1.

15. Silness J, Loée H. 1964. Periodontal disease in pregnancy II. Correlation between oral hygiene and periodontal
condition. Acta Odontol Scand 22(1):121- 135.

16. Loe H, Silness J. 1963. Periodontal disease in pregnancy 1. Prevalence and severity. Acta Odontol Scand 21(6):533-
551.

17. Bernaards CM, Twisk JWR, Snel J, Van Mechelen W, Kemper HCG. 2001. Is calculating pack-years
retrospectively a valid method to estimate life-time tobacco smoking? A comparison between prospectively
calculated pack-years and retrospectively calculated pack-years. Addiction 96(11):1653-1661.

18. Brill N, Krasse BO. 1958. The Passage of Tissue Fluid into the Clinically Healthy Gingival Pocket. Acta Odontol.
Scand. 16: 233-245.

19. Ismail Al, Burt BA, Edlund SA. 1983. Epidemiologic patterns of smoking and periodontal disease in the United
States. J Am Dent Assoc 106(5):617-621.

20. Zambon JJ, Grossi SG, Machtei EE, Ho AW, Dunford RG, Genco RJ. 1996. Cigarette smoking increases the risk
for subgingival infection with periodontal pathogens. J Periodontol 67(10):1050-1054.

21. Feldman RS, Bravacos JS, Rose CL. 1983. Association between smoking different tobacco products and
periodontal disease indexes. J Periodontol 54(8):481-487.

22. Axelsson P, Paulander J, Lindhe J. 1998. Relationship between smoking and dental status in 35-, 50-, 65-, and 75-
year-old individuals. J Clin Periodontol 25(4):297-305.

23. Calsina G, Ramoén JM, Echeverria JJ. 2002. Effects of smoking on periodontal tissues. J Clin Periodontol
29(8):771-776.

24. Baumert Ah MK, Johnson GK, Kaldahl WB, Patil KD, Kalkwart KL. 1994. The effect of smoking on the response
to periodontal therapy. J Clin Periodontol 21(2):91-97.

25. Turnbull B. 1995. Smoking and periodontal disease. A review. JNZ Soc Periodontol 79:10-15.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 64


64


Ozsoy et al. Adropin, Smoking and Periodontitis

26. Bergstrom J. 1990. Oral hygiene compliance and gingivitis expression in cigarette smokers. Scand J Dent Res
98(6):497-503.

27. Bostrom L, Linder LE, Bergstrom J. 1999. Smoking and cervicular fluid levels of IL-6 and TNF- alpha in
periodontal disease. J Clin Periodontol 26(6):352-357.

28. Ozgaka O, Nalbantsoy A, Kése T, Buduneli N. 2010. Plasma osteoprotegerin levels are decreased in smoker
chronic periodontitis patients. Aust Dent J 55(4):405-410.

29. Bostrom L, Linder LE, Bergstrom J. 1998. Influence of smoking on the outcome of periodontal surgery. J Clin
Periodontol 25:194-201.

30. Bergstrom J, Eliasson S, Preber H. 1991. Cigarette Smoking and Periodontal Bone Loss. J Periodontol 62:242—-246.

31. Cuff MJ, McQuade MJ, Scheidt MJ, Sutherland DE, Van Dyke TE. 1989. The presence of nicotine on root surfaces
of periodontally diseased teeth in smokers. J Periodontol 60(10):564-569.

32. Bergstrom J, Eliasson S. 1987. Noxious effect of cigarette smoking on periodontal health. J Periodontal Res
22(6):513-517.

33. Kinane DF, Radvar M. 1997. The effect of smoking on mechanical and antimicrobial periodontal therapy. J
Periodontol 68(5):467-472.

34. Novak KF, Novak MJ. 2006. Smoking and Periodontal Disease. In: Newman MG, Takei HH, Klockkevold PR,
Carranza FA (eds), Carranza's Clinical Periodontology, 10th edn. Saunders Elsevier, pp 251-258.

35. Butler AA, Tam CS, Stanhope KL, Wolfe BM, Ali MR, O’Keeffe M, St-Onge M, Ravussin E, Havel PJ. 2012. Low
circulating adropin concentrations with obesity and aging correlate with risk factors for metabolic disease and
increase after gastric bypass surgery in humans. J Clin Endocrinol Metab 97(10):3783-3791.

36. Celik E, Yilmaz E, Celik O, Ulas M, Turkcuoglu I, Karaer A, Simsek Y, Minareci Y, Aydin S. 2013. Maternal and
fetal adropin levels in gestational diabetes mellitus. J Perinat Med 41(4):375-380.

37. Aydin S, Kuloglu T, Aydin S. 2013. Copeptin, adropin and irisin concentrations in breast milk and plasma of
healthy women and those with gestational diabetes mellitus. Peptides Elsevier Inc 47:66—70.

38. Ishisaka A, Ansai T, Soh I, Inenaga K, Yoshida A, Shigeyama C, Awano S, Hamasaki T, Sonoki K, Takata Y,
Takehara T. 2007. Association of salivary levels of cortisol and dehydroepiandrosterone with periodontitis in older
Japanese adults. J Periodontol 78:1767-1773.

39. Mealey BL, Moritz AJ. 2003. Hormonal influences: effects of diabetes mellitus and endogenous female sex steroid
hormones on the periodontium. Periodontology 2000 32:59-81.

40. Zhu J, Guo B, Gan X, Zhang L, He Y, Liu B, Chen X, Zhang S. 2017. Association of circulating leptin and
adiponectin with periodontitis: A systematic review and meta-analysis. BMC Oral Health 17(1):1-14.

41. Nokhbehsaim M, Keser S, Nogueira AV, Cirelli JA, Jepsen S, Jager A, Eick S, Deschner J. 2014. Beneficial effects
of adiponectin on periodontal ligament cells under normal and regenerative conditions. J Diabetes Res.
http://dx.doi.org/10.1155/2014/796565.

42. Faggioni R, Fantuzzi G, Fuller J, Dinarello CA, Feingold KR, Grunfeld C. 1998. IL-1 beta mediates leptin
induction during inflammation. Am J Physiol 274:204-208.

43. Sarraf P, Frederich RC, Turner EM, Ma G, Jaskowiak NT, Rivet DJ 3", Flier JS, Lowell BB, Fraker DL, Alexander
HR. 1997. Multiple cytokines and acute inflammation raise mouse leptin levels: Potential role in inflammatory
anorexia. J Exp Med 185:171-175.

44. Carlson GL, Saeed M, Little RA, Irving MH. 1999. Serum leptin concentrations and their relation to metabolic
abnormalities in human sepsis. Am J Physiol 276:658-662.

45. Hoppin AG, Kaplan LM, Zurakowski D, Leichtner AM, Bousvaros A. 1998. Serum leptin in children and young
adults with inflammatory bowel disease. J Pediatr Gastroenterol Nutr 26: 500-505.

46. Evereklioglu C, Inaléz HS, Kirtak N, Doganay S, Biilbiil M, Ozerol E, Er H, Ozbek E. 2002. Serum leptin
concentration is increased in patients with Behcet’s syndrome and is correlated with disease activity. Br J Dermatol
147:331-336.

47. Johnson RB, Serio FG, Dai. 1999. Vascular endothelial growth factors and progression of periodontal diseases. J
Periodontol 70(8):848-852.

48. Booth V, Young S, Cruchley A, Taichman NS, Paleolog E. 1998. Vascular endothelial growth factor in human
periodontal disease. J Periodontal Res 33(8):491-499.

49. Gundogar H, Ozsoy B, Uzunkaya M, Senyurt SZ, Erciyas K. 2020. Effect of peri-implant disease on adropin levels:
A cross-sectional pilot study. Eur J Ther 26(1):61-65.

50. Yoshinari M, Wakisaka M, Fujishima M. 1998. Serum leptin levels in smokers with type 2 diabetes. Diabetes Care
21:516-517.

51. Eliasson B, Smith U. 1999. Leptin levels in smokers and long-term users of nicotine gum. Eur J Clin Invest 29:
145-152.

52. Nicklas BJ, Tomoyasu N, Muir J, Goldberg AP. 1999. Effects of cigarette smoking and its cessation on body weight
and plasma leptin levels. Metabolism 48: 804-808.

53. Wright JL, Tai H, Churg A. 2004. Cigarette smoke induces persisting increases of vasoactive mediators in
pulmonary arteries. Am J Respir Cell Mol Biol 31(5):501-509.

54. Bozkurt E, Emek A, Erol MK, A¢ikel M, Altuntas I, Atesal S, Tekin SB. 2001. Sigara I¢enlerde ve Igmeyenlerde
Nitrik Oksit Seviyeleri. Tiirk Kardiyol Dern Ars 29:31-35.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 65


65


Alinig / Received: 06.06.2024 Kabul / Accepted: 31.10.2025 Online Yayimlanma / Published Online: 25.04.2025
Aragtirma Makalesi / Research Article DOI: 10.22312/sdusbed.1496707

Siileyman Demirel Universitesi Saghk Bilimleri Dergisi

Suleyman Demirel University Journal of Health Sciences

Kalitsal Trombofili ve COVID-19 iliskisinin Retrospektif Olarak Arastirilmasi: Tek Merkez
Deneyimi

Neslihan DUZKALE'®, Maside ARI?®, Alparslan MERDIN*®, Canan EMIROGLU*®
Hacer Berna Afacan OZTURK5®, Serap YORUBULUT®®, Emine Bahar KURT’®, Serap DURU'®

!Ankara Diskap1 Yildirim Beyazit Egitim ve Arastirma Hastanesi, Tibbi Genetik Boliimii, Ankara, Tiirkiye
Ankara Atatiirk Sanatoryum Egitim ve Arastirma Hastanesi, Gogiis Hastaliklar1 Boliimii, Ankara, Tiirkiye
3Siileyman Demirel Universitesi, Tip Fakiiltesi, Hematoloji Béliimii, Isparta, Tiirkiye
4Ankara Diskap1 Yildirim Beyazit Egitim ve Arastirma Hastanesi, Aile Hekimligi, Ankara, Tiirkiye
®Ankara Digkap1 Yildirim Beyazit Egitim ve Arastirma Hastanesi, Hematoloji Bolimii, Ankara, Tiirkiye
®Kirikkale Universitesi, Insan ve Toplum Bilimleri Fakiiltesi, Istatistik Boliimii, Kirikkale, Tiirkiye
"Ankara Digkap1 Yildirim Beyazit Egitim ve Arastirma Hastanesi, Gogiis Hastaliklar1 Béliimii, Ankara, Tiirkiye

*Corresponding author: neslihanduzkale@gmail.com

0z
Amag: COVID-19, SARS-CoV-2'un neden oldugu, tiim sistemleri etkileyen ve en dnemli etkisini trombofili yoluyla gostermekte
olan yikici bir pandemi durumudur. Bu ¢alismada kalitsal trombofili yatkinligt genleri incelenen hastalarda genotip ile COVID-19
fenotipi arasindaki iliskinin arastirilmasi amaglanmigtir. Gere¢ ve Yontemler: Calismanin 6rneklemi, 2017-2021 yillar1 arasinda,
Diskapt Yildirim Beyazit Egitim ve Arastirma Hastanesi, Tibbi Genetik Bolimii’nde kalitsal trombofili yatkinlik genleri analiz
edilmis olan hastalardan se¢ilmistir. Genetik analizi ger¢eklesmis ve COVID-19 teshis edilen 66 hastanin genotip-fenotip iliskisi
aragtirtlmistir. Bulgular: Hastalardan 2’sinde heterozigot protrombin (F11)-G20210A, 11’inde heterozigot Faktor V Leiden (FVL)-
G1691A, 15’inde plazminojen aktivator inhibitori-1 (PAl) 4G/4G, 30’ unda PAI 4G/5G, 2’sinde homozigot F13, 15’ inde heterozigot
F13, 23’linde heterozigot Metilen tetrahidrofolat rediiktaz (MTHFR) C677T (bunlarin 10’u birlesik heterozigot), 10’u homozigot
MTHFR C677T, 24’iinde heterozigot MTHFR A1298C (bunlarin 10’u birlesik heterozigot), 10’u homozigot MTHFR A1298C
genomik degisimleri saptanmistir. FVL heterozigotluk durumu ile tani aninda takipne ve hipotansiyon arasinda anlamli bir iliski
saptanmugtir. Aktif sigara igen veya gecmiste sigara icmig olan vakalarim hi¢ sigara igmeyenlere kiyasla dnemli lenfopenisi oldugu
goriilmiistiir. Ayrica aktif sigara kullanicilarinda, sigara kullanmayanlara gore troponin diizeyleri de daha yiiksek olarak
saptanmigtir. Sonug: COVID-19 olgularinda, kalitsal trombofili genlerinin arastirilmasit farkli klinik bulgularin agiklanmasinda
yardimct olabilir. Bu ¢aligmadan elde edilen veriler, COVID-19 tanist alan hastalarda, hastaligin klinik bulgularinin, FVL
heterozigotluk durumu ve sigara kullanimindan 6nemli 6l¢iide etkilendigini gostermistir.
Anahtar Kelimeler: COVID-19, SARS-Cov-2, Kalitsal trombofili, Genetik test, Sigara kullanimi

ABSTRACT

Objective: COVID-19 is a devastating pandemic caused by SARS-CoV-2, affecting all systems and showing its most important
effect through thrombophilia. This study aimed to investigate the relationship between genotype and COVID-19 phenotype in
patients whose hereditary thrombophilia susceptibility genes were examined. Material and Methods: The sample of the study was
selected from patients whose hereditary thrombophilia susceptibility genes were analyzed at the Medical Genetics Department of
Digkap1 Yildirim Beyazit Training and Research Hospital, between 2017 and 2021. The genotype-phenotype relationship was
investigated in 66 patients whose genetic analysis was performed and diagnosed with COVID-19. Results: Heterozygous
prothrombin (FI1)-G20210A in 2 patients, heterozygous Factor V Leiden (FVL)-G1691A in 11 patients, plasminogen activator
inhibitor-1 (PAI) 4G/4G in 15 patients, PAI 4G/5G in 30 patients, 2 were homozygous F13, 15 were heterozygous F13, 23 were
heterozygous Methylene tetrahydrofolate reductase (MTHFR) C677T (10 of them compound heterozygous), 10 were homozygous
MTHFR C677T, 24 were heterozygous MTHFR A1298C (10 of them combined heterozygous), 10 of which were homozygous
MTHFR A1298C genomic alterations were detected. A significant relationship was detected between FVL heterozygosity status and
tachypnea and hypotension at diagnosis. Cases who were active smokers or had smoked in the past had significant lymphopenia
compared to never-smokers. Additionally, troponin levels were found to be higher in active smokers compared to non-smokers.
Conclusion: In COVID-19 cases, investigating hereditary thrombophilia genes may help explain clinical findings. Data from this
study have shown that in patients diagnosed with COVID-19, the clinical presentation of the disease is significantly affected by the
state of FVL heterozygosity and smoking.
Keywords: COVID-19, SARS-CoV-2, Hereditary thrombophilia, Genetic testing, smoking
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GIRIS

Ilk olarak Aralik 2019'da Wuhan'da gozlenen COVID-19, siddetli akut solunum sendromu
koronaviriis 2'nin (SARS-CoV-2) yol ag¢tig1 pandemiye neden olmus bir hastaliktir (1). Bu viriisle
enfekte hastalarda; asemptomatik hastalik, hafif {ist solunum yolu enfeksiyonu, Oliimle
sonuglanabilecek solunum yetmezligi ve coklu organ yetmezligi gibi genis spektrumda klinik
bulgular goézlenebilmektedir. COVID-19 hastalarinda tipik olarak goriilen ve sik rastlanan
semptomlar ates, Okstiriik ve nefes darlig1 iken daha az goriilen semptomlar burun akintisi, bogaz
agrisi, miyalji/yorgunluk, bas agrisi ve ishal olarak bildirilmistir (1,2). Yaygin laboratuvar bulgulari
arasinda lenfopeni ve CRP yiiksekligi bulunurken, 6zellikle koagiilopati ile komplike olan vakalarda
ylksek D-dimer, trombositopeni, uzamis PT, yiiksek fibrinojen, yliksek laktat dehidrogenaz ve
yiiksek ferritin bulunur (3-8). Yiiksek risk altindaki semptomatik bireylerde gozlenen en yaygin
akciger BT anormallikleri; siklikla iki tarafli ve periferik dagilima sahip olup, alt loblar
icermektedir. Literatiirde; goglis BT ile COVID-19 iliskisinin arastirildigi ve 13 bagimsiz ¢alismanin
dahil edildigi genis ¢apli bir meta-analizin sonuglarina gore, hastalarda buzlu cam opaklasmasi
yaklasik %83, karigik konsolidasyonla birlikte buzlu cam opaklasmasi ise yaklagik %58 olarak
bildirilmis olup, interlobiiler septal kalinlasma, komsu plevra kalinlasmas1 ve hava bronkogrami
insidanslart da yiiksek olarak tespit edilmistir (9). COVID-19 hastaligi, asir1 inflamatuar yanit,
diizensiz hemostaz ve yiiksek trombotik risk ile iligkilidir (6,7). Tiim sistemleri etkileyebilen
COVID-19, en onemli etkisini trombofili yoluyla gostermektedir. Trombofili, tromboz (kan
damarlarinda trombiis olusumu) riskini artiran bir pihtilasma anormalligidir ve genellikle pihtilagma
kademesinde veya antikoagiilasyon/fibrinolitik sistemde meydana gelen dengesizligi yansitir
(10,11). Trombofili kalitsal ve edinsel olarak goriilebilir. Kalitsal trombofili, dogal
antikoagiilanlarin (antitrombin, protein C ve protein S) eksikligi, homosistein degerlerinin artmasi
ve fibrinojen ve pihtilagsma faktorlerindeki degisikliklerden kaynaklanmaktadir. Edinsel trombofili
ise, otoimmiin bozukluklar (antifosfolipid sendromu), travma veya malignite gibi ikincil
hastaliklarin bir sonucu olarak ortaya ¢ikabilir. Trombofiliye neden olan faktdrler, cogunlukla hem
kalitsal hem de edinsel nedenlerin bir arada bulunmasi seklinde goriiliir ve klinik tablonun
agirlasmasina neden olmaktadir. Kalitsal trombofilinin baslica nedenleri; protrombin (FII)-
G20210A ve Faktor V Leiden-G1691A olarak bildirilmistir (12). Literatiir arastirmasinda, COVID-
19 hastalarinda trombofili ile hastalik siddeti arasinda iligki oldugunu gdsteren ¢aligsmalar mevcuttur
(12-15). Bu ¢aligmada, trombofiliye yatkinlik olusturan genler ile COVID-19 hastaliginin klinik
bulgular1 arasindaki iliskinin degerlendirilmesi amaglanmistir.

GEREC ve YONTEM

Bu retrospektif caligma Diinya Tabipler Birligi ve Helsinki Bildirgesi'nde bildirilen etik
sorumluluklar dikkate alinarak gergeklestirilmis olup Digkap: Yildirim Beyazit Egitim ve Aragtirma
Hastanesi'nin, Girigsimsel Olmayan Klinik Arastirma Etik Kurulu tarafindan onaylanmistir (Belge
No: 2021-112/12). Calismaya, daha once kalitsal trombofili yatkinlik genleri analiz edilmis ve
COVID-19 tanist almis 66 hasta dahil edildi. Arastirma ile ilgili bilgilendirilen ve bilgilerinin
kullanilmasina izin veren hastalara ait klinik bilgiler, muayene ve izlem dosyalarindan elde
edilmistir. Daha 6nceden gerceklesmis olan molekiiler calismada, hastalardan 2 ml periferik venoz
kan ornekleri Etilen Diamin Tetra Asetikasit’li (EDTA) tiiplere alinmis ve genomik materyalin izole
edilmesinde, otomatik DNA izolasyon sistemi olan QIAcube® (Qiagen Inc. Mississauga, Kanada)
kullanilmistir. Bir spektrofotometrik olgiim cihazi olan ND-1000 (Nano-Drop Technologies,
Wilmington, DE, ABD) ile, elde edilen DNA’nin konsantrasyon ve kalitesinin degerlendirilmesi
saglanmis olup, uygun saflik/konsantrasyonu (OD260/0D280, 1.8-2.0) olan genomik materyaller
calismaya dahil edilmistir. Elde edilen DNA materyaline herediter trombofili yatkinlik gen
bolgelerine spesifik olan primer problar (¢alisilacak bolgeye 6zel dizayn edilen kiicik DNA
parcalari) kullanilmistir. Arastirilan gen bolgeleri; Faktor V Leiden-G1691A (FVL), Faktor II-
G20210A, MTHFR-C677T, MTHFR-A1298C, PAI-1-4G/5G, Faktor XIII-V34L olarak siralanmustir.
“Thrombophilia Multiplex Real Time PCR Kit” kullanilarak Real-Time PCR teknigi ile yapilan
genetik analiz, “Rotor-Gene Q” cihazinda gercgeklestirilmistir.
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Bu ¢alismada, molekiiler analiz gerceklestirilmis olan hastalardaki, herediter trombofili yatkinlik
gen bolgeleri degisimleri ile hastalarin demografik bulgulari (cinsiyet, yas, kronik hastalik, sigara
icimi), COVID-19 tanis1 konulan hastalarin bagvuru sirasindaki klinik (ates, Okstiriikk, solunum
sikintisi, halsizlik, yorgunluk, myalji, gastro intestinal semptomlar, anosmi, takipne, tasikardi,
hipotansiyon) ve laboratuvar bulgulari(hipoksemi, 16kosit, lenfosit, trombosit, hemoglobin,
ALT/AST, iire, kreatinin, albiimin, Ca, total bilirubin, LDH, CRP, Prokalsitonin, troponin, ferritin,
D-Dimer, fibrinojen ve laktat diizeyleri) arasindaki iligki incelenmistir.

Istatiksel Analiz

Elde edilen veriler, SPSS 25.0 (IBM Inc, Chicago, IL, USA) versiyon programina girilerek analiz
edildi. Tanimlayici istatistiklerde kalitatif veriler, oranlar ve ortanca deger ile; kantitatif veriler
ortalama + standart sapma (SS) ile ifade edildi. Dagilimlar1 arasindaki farkliliklar Ki-kare analizi ile
incelenmistir. Tiim analizlerde p<0,05 degeri istatistiksel olarak anlamli sonug olarak kabul edildi.

BULGULAR

Caligsmaya katilanlarin 44’1 (%66,7) kadin, 22’si (%33,3) erkek cinsiyette olup, yas ortalamasi 41,74
olarak tespit edilmistir. Olgularin 26’sinda (%39,4) tan1 konulmus bir hastalik yokken, kalan 40
(%60,6) olguda komorbidite (hipertansiyon, KOAH, ge¢irilmis pulmoner tromboemboli oykiisii,
kardiyovaskiiler hastalik gibi) rapor edildi (Tablo 1).

Tablo 1: Hastalarin Tan1 Aninda Klinik ve Laboratuvar Bulgularinin Dagilimi

- Hasta Hasta
Klinik Bulgular sayist (n) oram (%)
Komorbidite (hipertansiyon, KOAH, gecirilmis pulmoner Var 40 60,6
tromboemboli 6ykiisii, kardiyovaskiiler hastalik) Yok 26 39,4
Hig
kullanmamig 42 63,6
Sigara kullanim Sykdisii Sigaray1 10 15.2
birakmis
Aktif kullanict 14 21,2
Yiiksek Ates 27 40,9
Oksiiriik 31 47
Solunum sikintist 18 27,3
Halsizlik 60 90,9
Myalji 65 98,5
Anosmi 15 22,7
GIS semptomlari 20 30,3
Takipne 15 22,7
Hipotansiyon 7 10,6
Tagikardi 3 45
Hipoksemi 4 6,1
Sedimentasyon yiiksekligi 66 100
Normal 35 53
Ldokosit say1si Diisiik 2 3
Yiiksek 29 43,9
Normal 50 75,8
Fibrinojen Diisiik 10 15,2
Yiiksek 6 9,1
Normal 4 6,1
Prokalsitonin Diisiik risk 16 24,2
Orta risk 46 69,7
Notropeni Yok 64 o7
Var 2 3
Lenfopeni Yok 26 39,4
Var 40 60,6
Trombosit say1s1 Normal 66 100
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Hemoglobin Normal 51 77,3
Diisiik 15 22,1

Normal 48 72,7

ALT Yiiksek 18 27,3
Normal 50 75,8

AST Yiiksek 16 24,2
O Normal 51 77,3
e Yiiksek 15 22,7
Kreatinin Normal > aee
Yiiksek 32 48,5

. Normal 40 60,6
Albiimin Yiiksek 26 39,4
L Normal 65 98,5

Total Bilirubin Yiiksek 1 15
Normal 47 71,2

LDH Yiiksek 19 28,8
Normal 13 19,7

CRP Yiiksek 53 80,3
Trononin Normal 60 90,9
p Yiiksek 6 91
Normal 46 69,7

PO2 Yiiksek 20 30,3
Normal 62 93,9

CK-MB Yiiksek 4 6,1
Ferritin Normal % =
Yiiksek 4 6,1

. Normal 46 69,7
D-Dimer Yiiksek 20 30,3
Normal 54 81,8

Laktat Yiiksek 12 18,2
Pnémoni o 8 304
omo Yok 26 39,4

Bu komorbiditeler, kadin hastalarin 24’tinde (%54,5) ve erkek hastalarin 16’sinda (%72,7) tespit
edildi. Yapilan istatistiksel analiz (Ki-Kare Test) sonucunda, zigosite durumuna bakilmaksizin
trombofili iligkili genotip ile komorbidite arasinda anlamli bir fark bulunamamistir (Tablo 2).
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Tablo 2: Komorbidite ve Trombofili iliskili Genlerin iliskilerinin Analiz Sonuglari

COVID-19 ve Trombofili fliskisi

Komorbidite Komorbidite

Genotip Zigosite P degeri
(Var) (Yok)

Heterozigot 1 1 0,097
Faktor 11I-G20210A Homozigot 0 0

Normal 39 25

Heterozigot 8 3 0,812
Faktor V Leiden-G1691A Homozigot 0 0

Normal 32 23

Heterozigot 20 10 1,697
PAI-1 Homozigot 7 8

Normal 13 8

Heterozigot 10 5 1,777
Faktor XIII-V34L Homozigot 2 0

Normal 28 21

Heterozigot 15 8 0,333
MTHFRC677T Homozigot 6 4

Normal 19 14

Heterozigot 13 11 1,777
MTHFRA1298C Homozigot 5 5

Normal 22 10

Calismaya dahil edilen hastalarin molekiiler genetik analiz sonuglar1 Tablo 3’de 6zetlenmistir.

Tablo 3: Hastalarin Molekiiler Genetik Analiz Sonuglari

Genotip Zigosite Hasta sayis1 (n) Hasta orani (%)

Faktor II-G20210A Heterozigot 2 3

Faktor V Leiden-G1691A Heterozigot 11 16,7
PAI-1-4G/4G Homozigot 15 22,7
PAI-1-4G/5G Heterozigot 30 45,5
PAI-1-5G/5G Homozigot 21 31,8
Faktor XIII-V34L Homozigot 2 3

Faktor XIII-V34L Heterozigot 15 22,7
MTHFRC677T Heterozigot 23 (10’u birlesik heterozigot olgu) 34,8
MTHFRC677T Homozigot 10 15,2
MTHFRA1298C Heterozigot 24 (10’u birlesik heterozigot olgu) 36,4
MTHFRA1298C Homozigot 10 15,2

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi

70


70


Diizkale ve ark. COVID-19 ve Trombofili liskisi

FVL heterozigot hastalar ve normal genotipte olanlar istatistiksel olarak karsilagtirildiginda, ytliksek
ates, oksiiriik, solunum sikintisi, halsizlik, myalji, GIS semptomlari, anosmi, tasikardi, hipoksemi,
tan1 an1 10kosit, hemoglobin, ALT, AST, iire, kreatinin, albiimin, total bilirubin, LDH, CRP,
troponin, prokalsitonin, CK-MB, D-Dimer, fibrinojen, laktat, PO2 diizeyleri, pnomoni gelisimi,
ndtropeni ve lenfopeni varligt agisindan anlamli bir farklilik bulunamada.

FVL normal genotipte olan 55 hastadan yalnizca 10’unda (%18,2) tan1 aninda takipne varken, FVL
heterozigot durumdaki 11 hastadan 5’inde (%45,5) tan1 aninda takipne vardi. FVL normal genotipte
olan 55 hastanin 4’tinde (%7,3) tan1 aninda hipotansiyon teshis edildi ve FVL heterozigot olan 11
hastanin 3’tinde (%27,3) tan1 aninda hipotansiyon gozlendi. FVL heterozigotluk durumu ile hem tant
aninda takipne hem de tan1 aninda hipotansiyon arasinda anlaml bir iligki saptandi (p=0,049).

Normal genotipte olan hastalar ve Faktor XIII-V34L, PAl 4G/5G ve MTHFR 677/1298
heterozigot/homozigot hastalar arasinda bu sayilan parametrelerin tamaminda anlamli bir farklilik
bulunamadi. Bu calismada yalnizca 2 hastada heterozigot Faktor II-G20210A genotipi saptandigi
icin istatistiksel bir analiz gerceklestirilebilmesi miimkiin olmadi.

Calismaya katilan olgularin 42°si (%63,6) yasamlar1 boyunca hi¢ sigara icmemisti ve 14’1 (%21,2)
10 y1l ve daha uzun zamandir sigara kullananlardi. Kalan 10 (%15,2) olgu ise 5 yil ve daha uzun
zamandir sigaray1 birakmis olan hastalardi (Tablo 1). Sigaray1 halen igiyor olan ve gecmiste igmis
olan hastalarda, sigara hi¢ igmemis olanlarla kiyaslandiginda, anlamli diizeyde lenfopeni tespit
edildi (p=0,02). Sigara igmek ve tani ani troponin yiiksekligi arasinda da anlamli bir iligki vardi
(p=0,015). Halen sigara i¢en hastalarin, sigaray1 hi¢ igmemis vaya gegmiste birakmis olanlara gore
troponin diizeyleri daha yliksek bulundu (p=0,004).

Sigara degiskeni ile yiiksek ates, Okstiriik, solunum sikintisi, halsizlik, myalji, GIS semptomlari,
anosmi, takipne, hipotansiyon, tasikardi, hipoksemi, lokosit diizeyleri, trombosit diizeyleri,
notropeni varligi, hemoglobin diizeyleri, ALT, AST, iire, kreatinin, albiimin, total bilirubin, LDH,
CRP, prokalsitonin, CK-MB, D-Dimer, fibrinojen, laktat, PO2 diizeyleri, pnémoni gelisimi,
notropeni ve lenfopeni parametreleri arasinda anlamli bir iliski gézlenmedi.

TARTISMA ve SONUC

Literatiirdeki ¢ok sayida calismada, trombozun COVID-19 hastalarinda meydana gelebilecek en
ciddi komplikasyonlardan biri oldugu ve bu hastalarda trombotik komplikasyon goriilme sikliginin
%80 oranina yaklastig1 raporlanmistir (16,17).

Ozellikle yogun bakim iinitesinde tedavi gérmiis olan COVID-19 hastalarinda, hiperkoagiilasyon
durumunun varhigini arastiran ¢ok sayida arastirma, olgularin tromboz insidanslarinin %30-80
arasinda degistigini bildirmigtir. COVID-19 tanist konulmus ve yogun bakimda izlenen bu
hastalarda mikrovaskiiler emboli ve pihtilasma bozukluklari nedeniyle klinik tablonun kétiilestigi,
koagiilopati gelisenlerde ise mortalitenin daha yiiksek siklikta gézlendigi rapor edilmistir (17-20).

COVID-19 tanili fakat yogun bakim ihtiyaci olmayan hastalarda tromboz insidanslarinin %9-15
arasinda oldugu gosterilmistir. Yogun bakim {initesinde tedavi alan hastalarda tromboz riskinin daha
yiiksek goriilmesinin nedeni, enfeksiyonun daha siddetli olmasi nedeniyle bu hastalarda goriilen pro-
inflamatuar ve anti-fibrinolitik durumun artmasi olabilecegi diistiniilmistiir (20,21).

Literatiirde bildirilen ¢cok merkezli bir ¢calismada, COVID-19 enfeksiyonu nedeniyle 6len 54

hastada, siddetli lenfopeninin yani sira D-dimer, kardiyak troponin, ferritin, laktat dehidrogenaz ve
IL-6 diizeylerinin yiiksek olmasi da bu goriisii desteklemistir (22).
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COVID-19 hastalarinin otopsi bulgularinin incelendigi bir calismada, 4 hastada 6liim nedeninin
masif pulmoner emboli oldugu ve tiim hastalarin yaridan fazlasinda da tan1 konulmamis derin ven

trombozu (DVT) oldugu bildirilmistir (23).

DVT, pulmoner emboli ve serebrovaskiiler komplikasyonlar gibi tromboembolik komplikasyonlar,
coklu organ yetmezIligi ve artan mortalite ile iligkilidir. Bu baglamda pihtilagma aktivasyonu ve
trombositopeni, COVID-19'de prognostik belirtegler olarak ortaya ¢ikmistir (16).

Bizim calismamizda arastirmis oldugumuz 66 olgunun 40’inda (%60,6) komorbidite rapor edildi.
Molekiiler analiz sonuglarina gore, 11 hastada (%16,7) heterozigot FVL genotipi saptandi ve bu
heterozigotlar ile normal genotipte olan hastalar karsilastirildiginda, tan1 aninda tespit edilen takipne
ve hipotansiyon arasinda anlamli bir iliski vardi. Saglikli Tiirk toplumunda FVL siklig1 %7,9'dur
(%3,5-15) (24). Bir¢ok c¢alismada Tirkiye'nin farkli yerlerinden vendz tromboemboli (VTE)
gecirmis Tiirklerde FVL prevalansi rapor edilmistir. Tiirk toplumunda FVL ile iligkili VTE riskini
tahmin etmek icin gerceklestirilen ve 1202 VTE tanili hasta ile 1283 saglikli kontroliin dahil edildigi
bir meta-analiz calismasinda, FVL goriilme oran1 VTE'li hastalarda (%22,8) kontrollere (%7,6) gore
anlamli derecede yiiksek saptanmustir (25). Literatiirden baska bir ¢alismada, FVL heterozigotluk
durumunun, VTE riskini 5 ila 10 kat artirdig1 ve FVL homozigotluk durumunun ise, bu riski normal
poplilasyona gore 80 ila 100 kat artirdigi gdosterilmistir (26). Literatiirde yayimlanan birgok
calismada, COVID-19 trombozu ve kalitsal trombofili faktorleri arasinda anlamli iliski oldugu da
kanitlanmistir (27,28). Yakin zamanda, iilkemizde gerceklesen, 9508 olgunun dahil edildigi ¢ok
merkezli retrospektif bir ¢alismada, FVL ve FIlI mutasyonlar1 ile COVID-19 hastaliginin klinik
bulgular1 arasindaki iliski arastirilmis ve COVID-19 tanili hasta grubunda tespit edilen tromboz
sikliginin, COVID-19 olmayan gruba gore daha yiiksek oldugu tespit edilmistir. COVID-19 ile
enfekte olan ve ozellikle yogun bakim {iinitesinde tedavi goren kritik derecede agir hastalarda
trombozun arttig1 goriilmiistiir. Ayni aragtirmada; COVID-19 grubunda F1I prevalansi daha yiiksek
ve istatistiksel olarak anlamli, FVL prevalansi ise daha diisiik bulunmustur. Tromboz 6ykiisii olan
COVID-19 hastalarinda tespit edilen FVL mutasyonunun siklig1, tromboz dykiisii olmayan COVID-
19 hastalarina gore daha yiiksek bulunmustur. Calismalarinda ayrica, COVID-19 nedeniyle 6len
hastalarda hem tromboz 6ykiisii varligi hem de FVL mutasyonunun sikligi daha yiiksek bulunmusg
fakat tromboz Gykiisii ve FIl mutasyonu arasinda anlamli bir iliski bulunamamustir. (13).

Bizim calismamizda, sigarayr halen kullanan hastalarda, sigarayr hi¢ icmemis veya gecmiste
birakmis olanlara gore troponin diizeyleri daha yiiksek tespit edildi (p=0,004). Yakin zamanda
Tirkiye’den gerceklesen bir calismada, bizim c¢alismamizin aksine troponin diizeyleri ve sigara
kullanimi arasinda bir iliski olduguna dair kanit bulunamamaistir (29).

Yayimlanan bazi ¢aligmalarda, hem aktif sigara kullananlardan hem de ge¢miste sigara i¢ip birakmis
olan olgulardan elde edilen akciger doku 6rneklerinde, nikotinik asetilkolin reseptoriiniin a-7 alt
tipinin aracilik ettigi bir “ACE-2 ekspresyon yukar1 dogru diizenlenmesi (up-regulasyon)” varligi
tespit edilmistir (30-34). Literatiirde diger bir in vitro deneyin sonuglari, sigara igme Oykiisii ile artan
ACE-2 ekspresyonu arasinda doza bagimli bir korelasyon oldugunu dogrulamaktadir. Bu nedenle
sigara i¢enlerin, artan ACE-2 ekspresyonu sonucunda daha yiiksek SARS-CoV-2 yiiklerine maruz
kalmas1 olasidir ve bu durum, COVID-19'da sigara igmeye bagl artan ciddi hastalik ve 6liim riski
icin mekanik bir aciklama saglayabilir (35). Bu hipotez; bizim ¢alismamizda, halen aktif sigara i¢cen
ve daha Onceden sigara kullanmis olan 24 hastada, daha 6nce hi¢ sigara igmemis olanlara gore
istatistiksel olarak anlamli diizeyde lenfopeni saptanmis olmasii agiklayabilir. Ciinkii hiicre
ylizeyinde ACE-2 reseptorii bulunan lenfositlerin, bu reseptorlere oldukca giiclii bir sekilde
tutunmak yoluyla giris kapisi olarak kullanan ve yasam dongiisiinii baslatan SARS-CoV-2’nin
hedefi olmas1 olmasi ve hasar almasi beklenmektedir (1). Calismamizda tespit edilen, COVID-19
hastalarinda sigara i¢cimi ve lenfopeni iliskisinin tam anlamiyla aciklanabilmesinde, lenfopeniye yol
acan potansiyel mekanizmalarin ele alindig1 daha ileri arastirmalara ihtiya¢ duyulmaktadir.
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Bu ¢alismadan elde edilen en 6nemli sonug, sigaray1 halen kullanan hastalarda, sigaray1 hi¢ icmemis
veya gecmiste birakmig olanlara gore troponin diizeyleri daha yiiksek tespit edilmis olmasidir
(p=0,004).

Arastirmamizin baz1 smirlamalar1 bulunmaktadir. incelenen hasta sayisinin az olmasi arastirmanin
siiphesiz en 6nemli sinirlamasidir. Bunun disinda retrospektif olarak ve tek merkezli gerceklesmesi
de diger sinirlamalardandir ve bu nedenle sonuglar nyargili olabilir. Orneklem biiyiikliigiiniin genis
olmamasina ragmen, bu ¢alismadan elde edilen bulgularin, daha ¢ok sayida hastanin dahil edilecegi
genis Olcekli ¢alismalar acisindan faydali olacagini diisiiniiyoruz.

Etik Kurul Onayri: Bu calismada, “Yiiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesi”
kapsaminda uyulmasi gerekli tiim kurallara uyuldugunu, bahsi gegen yonergenin “Bilimsel Aragtirma ve Yayin Etigine
Aykir1 Eylemler” baglig1 altinda belirtilen eylemlerden hicbirinin gergeklestirilmedigini taahhiit ederiz.

Calisma, Digkapt Yildirim Beyazit Egitim ve Arastirma Hastanesi, Girisimsel Olmayan Klinik Arastirma Etik
Kurulu’nun, 31.05.2021 tarih ve 112/12 sayili karari ile onaylanmis olup, Diinya Tabipler Birligi ve Helsinki
Bildirgesi'nde bildirilen etik sorumluluklar dikkate alinarak gerceklestirilmistir.
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ABSTRACT

Objective: Epicatechin (EC) is one of the major components of green tea (Camellia sinensis) catechins. This study
investigated the effect of the amount of epicatechin obtained by brewing green tea under optimal conditions against
oxidative stress induced by hydrogen peroxide (H20,). Materials and Methods: In peripheral blood mononuclear cells
(PBMCs), the amount of epicatechin determined by brewing green tea under optimum conditions was applied against
250 uM H20; and cell viability was determined by 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) test, total antioxidant status (TAS) levels and total oxidant status (TOS) levels were determined by biochemical
analysis, apoptosis-related Bax, Bcl2, p53 expression analysis was determined by quantitative real time polimerase
chain reaction (QRT-PCR) method. Results: The cell viability was significantly higher in the H,O,+EC group than in
the H20, group (p<0.001). TOS and TAS levels were changed considerably in the H,O,+EC group compared to the
H20- group (p<0.05 and p<0.001, respectively). Bax, p53 expression level decreased in H,Oz+epicatechin treated cells
compared to H,O; treated cells (p<0.001 and p<0.01 respectively), while Bcl2 expression level increased in
H2O.+epicatechin treated cells compared to H,O- treated cells p<0.01). Conclusion: The results show that the amount
of epicatechin obtained from brewing green tea under optimum conditions has a protective effect on peripheral blood
mononuclear cells (PBMCs) against H,O induced oxidative stress. Specifically, it was concluded that epicatechin
increased cell viability, decreased oxidative stress markers and modulated the expression of key apoptosis-related
proteins, thus promoting cell survival.
Keywords: Bax, Bcl2, Epicatechin, Oxidative stress, p53

0z

Amag: Epikatesin (EC) yesil ¢cay (Camellia sinensis) katesinlerinin ana bilesenlerinden biridir. Bu ¢alismada, yesil
caym optimum kosullarda demlenmesiyle elde edilen epikatesin miktarinin hidrojen peroksit (H»07) tarafindan
indiiklenen oksidatif strese karsi etkisi arastirilmistir. Materyal ve Metot: Periferik kan mononiikleer hiicrelerinde
(PBMCs), yesil ¢ayin optimum kosullarda demlenmesi ile belirlenen epikatesin miktar1 250 uM H2O;'ye karsi
uygulanmig ve hiicre canliligi 3-(4, 5-dimetiltiyazol-2-yl)-2,5-difeniltetrazolyum bromiir (MTT) testi ile, total
antioksidan seviyeleri (TAS) ve total oksidan seviyeleri (TOS) biyokimyasal analiz ile, apoptoz ile iliskili Bax, Bcl2,
p53 ekspresyon analizi ger¢ek zamanli kantitatif polimeraz zincir reaksiyonu (QRT-PCR) yontemi ile belirlenmistir.
Bulgular: H2O>+EC grubunda hiicre canliligin H>O grubuna gére anlamli derecede yiiksek bulunmustur (p<0.001).
TOS ve TAS seviyeleri, H,O2 grubuna kiyasla H;O>+EC grubunda onemli dl¢iide degismistir (sirasiyla p<0.05 ve
p<0.001). Bax, p53 ifade diizeyi H.Ot+epikatesin uygulanan hiicrelerde H2O2 uygulanan hiicrelere kiyasla azalirken
(swrasiyla p<0.001 ve p<0.01), Bcl2 ifade diizeyi H,Oz+epikatesin uygulanan hiicrelerde HoO; uygulanan hiicrelere
kiyasla artmigtir (p<0.01). Sonug: Sonuglar, yesil cayin optimum kosullar altinda demlenmesinden elde edilen
epikatesin miktarmin H»O; kaynakli oksidatif strese karsi periferak kan mononiikleer hiicreler (PKMH) {iizerinde
koruyucu bir etkiye sahip oldugunu gdstermektedir. Spesifik olarak, epikatesinin hiicre canliligin1 artirdigi, oksidatif
stres belirteglerini azalttig1 ve apoptozla ilgili anahtar proteinlerin ekspresyonunu modiile ettigi, boylece hiicre sag
kalimimi destekledigi sonucuna ulagilmastir.

Anahtar Kelimeler: Bax, Bcl2, Epikatesin, Oksidatif stres, p53
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INTRODUCTION

Epicatechin EC is one of the main components of green tea catechins (1). Green tea has
characteristics of meta-5,7-dihydroxy groups in chain A and dihydroxy or trihydroxy groups in
chain B (2). The B chain seems essential to the antioxidant reactions (3). Antioxidant activity is a
molecule or ion's capacity to prevent other molecules' oxidative reactions (4). EC has effective and
direct antioxidant activity. By its strong antioxidant capacity, it scavenges free radicals in cells.
Compared with vitamin C and vitamin E, the antioxidant capacity of EC is 20 and 50 times
greater. The biological activity of ECs is mainly a result of interactions with proteins and lipids.
These interactions result in an effect on the levels of oxidants (5).

Oxidative stress, characterised by an imbalance between free radicals and antioxidants, has a
significant impact on several health conditions such as infertility, cancer, diabetes, metabolic
syndrome, atherosclerosis, neurodegenerative, cardiovascular, gastrointestinal and liver diseases.
H20. is a crucial reactive oxygen species (ROS) and plays a significant role in biological
processes. Generally, when it exceeds 50 pM, it causes oxidative damage in tissues and organs and
elicits an inflammatory response. Antioxidants are essential for neutralising free radicals and thus
preventing oxidative damage. They can be enzymatic or non-enzymatic and work by scavenging
free radicals, chelating metal ions or upregulating other antioxidant defences (6).

Green tea is considered one of the healthiest drinks around the globe. Its acceptance in this way is
due to its rich structure in polyphenols (7, 8). While many studies have shown that plant-derived
flavonoids have excellent antioxidant activity,(9, 10) research on green tea in recent years has
focused on the relationship between consumption and disease prevention (7).

The catechins and sensory properties may differ depending on the green tea brewing conditions.
Our aim with this study was to understand if the amount of epicatechin determined according to
the optimum conditions during green tea brewing has a protective effect on cells against H20-.

MATERIAL and METHOD

Isolation of Human PBMC

Peripheral venous blood was collected from heparin tubes from healthy volunteer who had not
been exposed to radiation or any drugs or smoked for six months. The Declaration of Helsinki was
followed in the study. This study was approved by the Siileyman Demirel University Medical
Faculty Ethics Committee (decision dated 05.12.2023 and numbered 15/270). PBMCS were
isolated by Histopaque 1077 (Sigma-Aldrich, Switzerland).

Cell viability was determined to be 98% using trypan blue stain. The medium was changed once
every 24 hours (11). The workflow of the study is given in Figure 1.

\ -
Y
step®: JacinionolPEMO

Epicatechin H,0, H;0y+€picatechin%76,08

Step2:  Applicationofsubstances tocells
Step3:  MIT Assay

Steps: _mANA Bxpression Anlyss

Figure 1: MTT assay, TAS-TOS levels and expression analyses after epicatechin and H,O; treatment of cells
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MTT Assay
PBMCs were seeded in 96-well flat-bottomed microplates (Sarstedt AG, Germany) at 1x10*
cells/well density. A 5% CO; incubator at 37 °C was incubated for 24 h before any treatments.

For the best result of taste and sensory properties, brewing at 85 °C for 3 minutes represents the
optimal condition. Under these conditions, an epicatechin maximum of 6.75 mg/100 mL was
determined (12). Epicatechin (Sigma Chemical Co., USA) of 67.5 ppm was cultured with cells in
an incubator for 24 h (37 °C, 5% CO3). During the last hour, these cells (except the control group)
were incubated with 250 uM H20- (13).

The medium consisted of the following components: RPMI-1640 (Biological Industries, Israel)
medium, 10% FBS (Sigma - Aldrich, USA) and 100 IU/mL penicillin, 100 pg/mL streptomycin
(Sigma - Aldrich, USA). MTT (Sigma, USA) final concentration was adjusted to 0.5 mg/mL. The
resulting formazan crystals were dissolved in DMSO. A multiscan plate reader (Synergy HTX
BioTek, USA) was used to measure cell viability at 570 nm (14). Cell viability was evaluated in
percentage relative to the control group, denoted as 100%. Three individual wells were measured
per treatment point.

Biochemical Analysis

After the culture step, plates were centrifuged at 1800g for 6 minutes, and the pellet was washed
with PBS. An ultrasonic homogenizer was used to homogenize the cells. After the second
centrifugation, supernatants were transferred to Eppendorf tubes for analysis (15).

TAS and TOS levels were measured by spectrophotometric method (Beckman Coulter AU 5800,
USA) in triplicate with commercial kits (Rel Assay Diagnostics, Tiirkiye) according to the kit
protocol (16). The results were expressed as millimolar Trolox equivalents per liter in TAS and
micromolar hydrogen peroxide equivalent per liter (umol H202 Eqv/L) in TOS (17).

RT-gPCR Analysis on mRNA

Total RNA extraction, purity and concentration measurement, cDNA extraction were performed
similar to our previous study and according to the manufacturer's protocol (18). Primers were
designed to detect specific mMRNA sequences. The NCBI website was used to test possible primer
sequences. Bax (F:5'-CAGGGGCCCTTTTGCTTCA-3' R:5'-GGAAAAAGACCTCTCGGGGG-
3'), Bcl-2 (F:5'-AAAAATACAACATCACAGAGGAAGT-3’ R:5'-
TCCCGGTTATCGTACCCTGT-3'), p53 (F:5'-ACCTATGGAAACTACTTCCTGAAA-3' R:5'-
GCTGCCCTGGTAGGTTTTCT -3') primers were designed to amplify. ACTB (F: 5'-
GCCTCGCCTTTGCCGAT-3" R:5'- AGGTAGTCAGTCAGGTCCCG-3") expression was used
for normalization. The manufacturer's instructions were followed for real-time RT-PCR
conditions. The 2-44¢ comparative method was used for relative quantification of gene expression.
To determine amplification specificity, qPCR products were evaluated using melting curves. Each
sample was run in triplicate.

Statistical Analysis

The results of the expression study were evaluated using SPSS 18.0 statistical analysis software
(SPSS Inc., Chicago, IL). One-way ANOVA was used to analyze the results of the expression,
MTT, TAS, and TOS levels. LSD and TUKEY tests were used as post-hoc tests. p<0.05 was
considered to be significant.

RESULTS

MTT Assay Results

Cell viability was significantly lower in the H202 and H202+epicatechin groups compared with the
control group (p<0.001). In the comparison of cell viability in the H.O> group and the
H2O.+epicatechin group, the H>O>+epicatechin group was significantly higher (p<0.001) (Figure
2).
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Figure 2: Cell viabilty. Data expressed as mean+SD. Comparision between groups and result were assessed by one-
way ANOVA test. *p<0.001 ascompared to the control group, #p<0.001 compared to the H,O-treated group.

Biochemical Results

TOS level was significantly higher in the H.O2 and H202+epicatechin groups than in the control
group (p<0.001). TOS level was considerably higher in the H.O> group than in the
H20O.+epicatechin group (p<0.05). TAS level was significantly lower in the H20- group than in the
control group (p<0.001) and considerably higher in the H2Oz2+epicatechin group (p<0.001). TAS
level was significantly higher in the H2O.+epicatechin group than in the H202 group (p<0.001)
(Table 1).

Table 1: TOS and TAS levels of PBMCs

Groups Negative Control H20- H>0..EC

TOS 2.25+0.74 18.62+0.82" 16.87+0.53"#
(pmol H20- Eq./L)

TAS 1.86+0.08 0.20+0.04" 1.52+0.04™#
(mmol TroloxEq./L)

OSI (umol H20; equiv./It)/(mmol Trolox equiv./It x 10) 0.124+0.04 9.36+1.49 1.11£0.02

Data are expressed as mean+SD. One-way ANOVA test was used to assess comparisons between
groups and results of oxidative stress markers. LSD tests were used as post-hoc tests. *p<0.001
compared to the control group; #p<0.05, ##p<0.001 compared to the H20- treated group.

Expression Analysis of Bax, Bcl, p53

The relative mRNA level of Bax in the H202, H2O2+epicatechin groups increased significantly
compared to the control group (respectively; p<0.001 and p<0.01) and lower significantly in
H20O2+epicatechin group compared to the H2O2 group (p<0.001). The relative mRNA level of p53
in the H202, H20.+epicatechin groups increased significantly compared to the control group
(respectively; p<0.001 and p<0.01) and lower significantly in H.O>+epicatechin group compared
to the H202 group ( p<0.01). The relative mRNA level of Bcl-2 in the H20O2, H2O2+epicatechin
groups decreased significantly compared to the control group (respectively; p<0.001 and p<0.01)
and lower significantly in H2O2+epicatechin group compared to the H202 group ( p<0.01) (Figure
3).
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Figure 3: Relative Mrna Expression Results And Statistical Comparison Between Groups.
Bax: Bcl-2-associated X protein; p53: Tumor Protein P53; Bcl2: B-cell lymphoma 2;Values are presented as
means+SD. *p<0.01, **p<0.001.

DISCUSSION and CONCLUSION

PBMCs, consisting mainly of lymphocytes and monocytes, are a readily available blood cell
fraction with high research potential for testing the effects of dietary intake. At the gene expression
level, they reflect the impact of environmental changes. Many studies demonstrated the utility of
PBMCs in showing the effects of nutrition, training, and vigorous exercise on mitochondrial
oxidative balance, biosynthesis, dynamics, and antioxidant capabilities (19,21). In this context,
PBMCs were considered more appropriate for our research.

Oxidative stress is the result of an imbalance between free radicals and antioxidants. It causes
changes in the structure of cell membranes, lipids, proteins, lipoproteins, and DNA. Mitochondria
are the most important endogenous source of ROS generation, as they play a role in forming ATP
through oxidative phosphorylation, which reduces molecular Oz to H20O via the electron transport
chain (22). A study showed that heavy exercise enhances the oxidative stress-induced apoptosis
(23). Another study demonstrated that exopolysaccharide-selenium nanoparticles promoted cell
survival by maintaining over 90% cell viability under oxidative stress caused by 0.4 mM H20: in
HepG2 cells (24). H2O2 is a source of reactive oxygen species, and functions act to induce
oxidative stress (25). H2Oz is commonly considered a cytotoxic substance that must be reduced by
antioxidant defense enzymes (26).

An ex-vivo study has suggested that green tea consumption prevents LDH oxidation in humans,
while Epicatechin also plays a role in the prevention of neurodegenerative diseases such as
Alzheimer's and Parkinson's (27). In addition, in an in vivo study, tea catechins were observed to
reduce the formation of atherosclerosis in mice with apolipoprotein E deficiency (28), while
another study found that the antioxidant capacity of epicatechin in human plasma increased by
40% compared to non-users (29).

Our results show that the treatment with H2O: led to a significant decrease in the viability of the
PBMCs. However, epicatechin had a protective effect on cell viability when used against H2O3,
which causes oxidative stress. In addition, our results showed that the H2O»-induced increase in
TOS levels in PBMCs decreased with epicatechin treatment, while TAS levels increased.
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In a study, it was found that after treatment of mouse granulosa cells and human granulosa cells
with H20>, the viability rate of the cells decreased with concentration, while the expression levels
of p53 and Bax increased. These findings suggest that H-O»-oxidative stress may be a factor in the
onset of apoptosis. Because when DNA damage is limited and reversible, cells stop proliferating.
Some cells exposed to DNA damage enter the cell cycle. However, when DNA damage is
irreparable, cells undergo immediate apoptosis, thereby causing induction of p53 and p21
expression (30). In another study, (-)-epicatechin was found to upregulate death receptors
(DR4/DR5) and modulate pro-apoptotic proteins in MDA-MB-231 cells. In contrast, it did not
activate the death receptor in MCF-7 cells (31).

Similar to the studies conducted with cell culture in the literature, in our research, Bax, p53
expression increased while Bcl2 expression decreased in cells treated with H202 only compared to
control cells. In H2O.+EC treated cells, Bax, p53 expression decreased while Bcl2 expression level
decreased compared to the H.O> group. Bax, p53, and Bcl2 genes networks and functions are
present in Figure 4 (https://genemania.org/).
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Figure 4: Bax, p53, Bcl2 genes networks and functions

The mechanisms of action of natural antioxidants are unclear. Further research is needed to
identify the active target sites. In this direction, in our study, the mechanism by which the amount
of epicatechin determined by brewing green tea under optimal conditions plays a protective role
against H>O»-induced oxidative stress was revealed by genetic and biochemical tests. However, in
addition to cellular studies, it is thought that the amount of epicatechin obtained by brewing and
consuming green tea under optimal conditions will be insufficient to reduce the effects of
oxidative stress in people who exercise excessively. We believe that this study may provide a basis
for in vivo studies.

Declaration of Ethical Code: In this study, we undertake that all the rules required to be followed within the scope of
the "Higher Education Institutions Scientific Research and Publication Ethics Directive" are complied with, and that
none of the actions stated under the heading "Actions Against Scientific Research and Publication Ethics" are not
carried out.

This study was approved by the Siileyman Demirel University Medical Faculty Ethics Committee (decision dated
05.12.2023 and numbered 15/270).
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0z

Amag: Sekukinumab Interlokin-17A’ ya baglanan insan immiinoglobulin G1 kappa monoklonal antikorudur. Bu
caligmada sekukinumab tedavisi kullanan psoriyatik artrit (PsA) hastalarinin dermografik, klinik ve inflamatuvar
paremetrelerini, tedaviye devam siirelerini ve yan etki profilini degerlendirmeyi amagladik. Materyal-Metot: Calismaya
2006 CASPAR smiflandirma kriterlerine gore PsA tanisi almis ve sekukinumab tedavisi kullanan hastalar dahil edildi.
Tedavinin etkinligi ve giivenligi degerlendirildi. Ila¢ sagkalimi analiz edildi. Tedavi 6ncesi ve sonrasi monosit/lenfosit
oran1 (MLO), nétrofil/lenfosit oran1 (NLO), platelet/lenfosit oran1 (PLO), sistemik immiin inflamasyon indeksi (SII)
(trombosit sayis1 x notrofil sayisi/ lenfosit sayisi), sistemik inflamatuvar cevap indeksi (SIRI) (nétrofil sayisi x monosit
say1st / lenfosit sayisi) inflamatuvar paremetreleri hesaplandi. Bulgular: Caligmaya dahil edilen 41 PsA hastasinin 45 ay
stiresince 29 (%70,7)’ unun sekukinumab tedavisine devam ettigi goriildii. Hastalarin 12 (%29,3) tedaviyi birakti.
Tedaviyi en sik birakma nedeninin ilag etkisizligi oldugu, yan etki olarak da dispeptik yakinmalar ve gastrointestinal
yan etkiler oldugu tespit edildi. Tedavi Oncesi ve sonrasinda bakilan inflamatuvar paremetrelerde istatiksel olarak
anlaml bir farklilik saptanmadi. Sonug: Caligmamizda hastalarin biiyiik bir kisminda daha 6nce bir biyolojik ajan
kullanmis olmasia ragmen sekukinumab tedavisinde kalim oranlarinin oldukga yiiksek oldugu saptanmistir. Tedavi
altinda iken mortaliteyi artiran herhangi bir yan etki goriilmemistir. Sekukinumab, PsA tedavisinde etkili bir tedavi
secenegi olarak klinik kullanimimizda yer almaktadir.

Anahtar Kelimeler: Sekukinumab, Interlokin-17A, Psoriyatik artrit

ABSTRACT

Obijective: Secukinumab is a human immunoglobulin G1 kappa monoclonal antibody that binds to Interleukin-17A. The
objective of this study was to evaluate the dermographic, clinical and inflammatory parameters, treatment duration and
side effect profile of patients with psoriatic arthritis who were treated with secukinumab. Material-method: Patients
diagnosed with PsA according to 2006 CASPAR classification criteria and receiving secukinumab treatment were
included in the study. The efficacy and safety of the treatment were evaluated. Drug survival was analyzed. The pre-
and post-treatment monocyte/lymphocyte ratio (MLR), neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio
(PLR), systemic immune inflammation index (SI1) (platelet count x neutrophil count / lymphocyte count), and systemic
inflammatory response index (SIRI) (neutrophil count x monocyte count / lymphocyte count) were calculated as
inflammatory parameters. Results: Of the 41 patients with PSA who were included in the study, 29 (70.7%) continued
with secukinumab treatment for 45 months. Twelve patients (29.3%) discontinued treatment. The most common reason
for discontinuation was drug ineffectiveness, and dyspeptic complaints and gastrointestinal side effects were found to
be side effects. No statistically significant difference was identified in the inflammatory parameters analysed before and
after treatment. Conclusion: In the present study, despite the fact that the majority of patients had previously undergone
treatment with a biological agent, the survival rates observed in those receiving secukinumab were found to be relatively
high. No side effects that increased mortality were observed during treatment. Secukinumab is currently being employed
in clinical practice as an efficacious treatment option for the management of PsA.

Keywords: Secukinumab, Interleukin-17A, Psoriatic arthritis
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GIRIS

Psoriyatik artrit (PsA) artrit, spondilit, daktilit, entesit, sedef hastalig1 ve tirnak hastaligi1 dahil olmak
tizere ¢ok cesitli semptomlarla karakterize, kas-iskelet sistemini tutan kronik inflamatuar bir
hastaliktir (1, 2). PsA’ nin patogenezi ¢ok yonlii olup genetik yatkinlik, ¢evresel faktorler, dogal ve
kazanilmis bagisiklik aktivasyonu arasindaki etkilesim sonrasinda ortaya ¢ikan otoinflamasyon gibi
cesitli faktorler patogenezde rol oynamaktadir. Yapilan ¢alismalar sonucunda TNF, interlokin-23
(IL-23), IL-17 gibi sitokinlerin rol aldigi immiin-inflamatuvar yolaklar hastalik patogenezinde
tanimlanmastir (3).

PsA’ da farmakolojik tedavi olarak non-steroid antiinflamatuvar ilaglar (NSAID) ve metotreksat
(Mtx) gibi geleneksel hastalik modifiye edici sentetik anti-romatizmal ilaglar (csDMARD) kullanilir
(2,4). Son yillarda, biyolojik DMARD' larin (bDMARD) kullanimi ile PsA tedavisinde 6nemli
degisiklikler meydana gelmistir (2). Bu grupta ilk 6nce hastalik patogenezinde TNF-o major
etkisinden dolay1 TNF-a inhibit6rleri (TNFi1) kullanilmistir. Daha sonra TNF-a’ nin yaninda 1L-12,
IL-17, IL-23 gibi diger proinflamatuvar sitokinlerin de PsA’ nin patogenezinde rol oynadigi
anlasilmasiyla birlikte hedefe yonelik tedaviler gelistirilmistir. Hastalarin sinoviyal sivisinda ve
ciltte IL17-A nin tespit edilmesi ve hastaligin ve ekstraartikiiler bulgularin patogenezinde 1L-17A
nin roliiniin anlagilmasi anti-1L-17 tedavisi gelistirilmesine sebep olmustur. Sekukinumab, yiiksek
afiniteli IL-17A” y1 hedefleyen insan monoklonal rekombinant bir antikordur (5). FUTURE-3
calismasinda, NSAID' ler, bDMARD’ lara ragmen aktif hastaligi olanlarda 150 veya 300 mg
sekukinumab, plaseboya kiyasla PsA’ nin klinik belirti ve semptomlarini diizelttigi goriilmiistiir (6).
FUTURE 1 ve 5 'te sekukinumabin yapisal eklem hasarin1 engelledigi goriilmiis ve 1-3 yillik tedavi
boyunca diisiik radyografik ilerleme oranlariyla iliskilendirilmistir (7,8). Adalimumab ile bire bir
karsilastirmali ¢alismada sekukinumab, eklem bulgularinda adalimumab' a benzer etkinlik
gostermistir (9). Sonug olarak, sekukinumab PsA tedavisinde etkilidir ve genellikle iyi tolere edilir
bir tedavidir. Dolayisiyla aktif PsA’ 1 yetiskin hastalarda 6zellikle cilt bulgular1 baskin hasta
grubunda ilk tedavi segenegi olarak tercih edilmesi onerilmektedir. AKtif PsA’ 11 yetiskin hastalarin
tedavisi i¢in bir¢ok iilkede kullanim onay1 mevcuttur (5).

PsA kronik immiin aracilikli inflamatuvar bir hastalik oldugu i¢in nétrofil/lenfosit orani (NLO),
platelet/lenfosit oran1 (PLO), monosit/lenfosit oran1 (MLO), sistemik immiin inflamasyon indeksi
(SII), sistemik inflamatuvar cevap indeksi (SIRI) gibi inflamatuvar parametreler yiiksek olmasi
beklenmektedir. Ozellikle inflamasyonun yiiksek oldugu aktivasyon déneminde inflamatuar
belirtecler ve indeksler yiiksek tespit edilmektedir. Yapilan bir calismada NLO ve PLO’ nun PsA
olan hastalarda daha yiiksek oldugu, NLO’ nun hastalik aktivitesiyle iligkili oldugu ve 12 aylik
immiinsiipresif tedavi ile iki parametrenin de geriledigi gosterilmistir (10). Ayrica psoriyazisli
hastalarda yapilan bir ¢alismada SII ve SIRI yiiksek oldugu gosterilmistir. Bagka bir calisma da
tedavi ile NLO, PLO, SII degerlerinde gerileme oldugu saptanmistir (10,11).

Bu calismada, sekukinumab kullanilan PsA hastalarinda tedavi yaniti, tedavide kalim oranlar ve
inflamatuar belirteglerindeki degisim oranlarini tespit etmeyi amacladik.

GEREC ve YONTEM

Calismamizda, Romatoloji Boliimiinde Ocak 2020-Haziran 2023 tarihleri arasinda, 2006 CASPAR
siniflandirma kriterlerine gore PsA tanis1 almis ve en az bir kez sekukinumab tedavisi kullanilan 50
hastanin verileri retrospektif olarak degerlendirildi. 9 hasta takipsiz oldugu i¢in ¢alisma dist
birakildi. 41 hasta ¢alismaya dahil edildi. Hastalara ait demografik veriler, klinik 6zellikler, tedavide
kalim siireleri ve tedaviyi birakma nedenleri kaydedildi.
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Dahil edilme kriterleri:

1. PsA ile takip edilen ve sekukinumab tedavisi alan 18 yas ve iizeri hastalar

2. Sekukinumab tedavisini en az 6 ay kullanmis olmak

3. Romatoloji boliimiinde takipli olmak

4. Tedavi 6ncesi ve sonrasi sosyo-demografik verileri, klinik ve laboratuvar bulgular1 alinan
hastalar.

Dislama kriterleri:

1. Sekukinumab tedavisini 6 aydan once birakmis olmak

2. Tedavi Oncesi ve sonrast sosyodemografik verileri, klinik ve laboratuvar bulgularina
erisilemeyen hastalar

Tedavide kalim siiresi en az alt1 ay olan hastalarin tedavi baslangici, tedavinin iigiincii ve altinci
ayinda bakilan inflamatuvar parametreleri kaydedildi. inflamatuvar parametreler: NLO, PLO, MLO,
SII, SIRI kullanildi. NLO, PLO, MLO degerlerin birbirine oranlamasi ile hesaplandi. Sistemik
immiin inflamasyon indeksi; trombosit say1s1 x ndtrofil sayisi/ lenfosit sayisi, sistemik inflamatuvar
cevap indeksi; nétrofil sayis1 x monosit sayisi / lenfosit sayist seklinde hesaplandi.

Veriler Windows IBM SPSS yazilim siirlimii 25.0 kullanilarak (SPSS, Chicago,IL,ABD) analiz
edilmistir. Kategorik veriler frekans ve ylizde olarak; kantitatif veriler ise ortanca, minimum ve
maksimum degerler verilerek ozetlenmistir. Bagimli gruplar karsilastirilirken Wilcoxon testi
kullanilmistir. P<0,05 olmas istatistiksel olarak anlamli kabul edilmistir.

BULGULAR

Klinigimizde sekukinumab tedavisi 41 PsA hastasina baglanildi. Tedavi alan hastalarin 33 (%80,5)’
i kadindi. Hastalarin yas ortalamasi 49,2 + 11,1 yil olarak hesaplandi. Tedavi baslanan hastalarin
ortanca psoriyazis siiresi 15 yil, PsA siiresinin 9 yil olarak bulundu. Poliartikiiler tutulumun 15
(%36,6), oligoartikiiler tutulumun 21 (%51,2), aksiyel tutulumun 5 (%12,2) hasta daoldugu saptandi.
Hastalarin 13 (%31,7)’ tinde daktilit, 10 (%24,4)’ unde entezit, 20 (%48,8)’sinde tirnak degisikligi
goriildii. Mtx (%90,2) En cok kullanilan konvansiyonel DMARD idi. Bir hastanin siilfasalazin, 14
hastanin Mtx+lef, 3 hastanin leflunomid, 10 hastanin Mtx+lef+siilfasalazin kullandig1 saptandi.
Biyolojik ajan naif olan ii¢ hasta (%7,3) mevcut idi. Daha 6nceden en az bir biyolojik tedavi alan 38
hasta tespit edildi. Medyan sekukinumab kullanim siiresi 16 (1-45) aydir. Hastalarin medyan steroid
dozu 7,5 (0-16) mg olarak hesaplandi. Hastalarin 29 (%70,7)’ unun tedaviye devam ettigi, 12
(%29,3)’ sinin de tedaviyi sonlandirdig1 goriildii. romatoid faktor (RF) degeri pozitif olan 2 hasta
(%4.9) saptand1 (Tablo 1).

On iki hastanin ilact birakma nedeni incelendi. Bir hasta pnomoni, 1 hasta pelvik inflamatuvar
hastalik (PIH), 3 hasta gastrointestinal yan etki, 2 hasta inflamatuvar barsak hastalig1 aktivasyonu
(IBH), 1 hasta gebelik, 1 hasta tedavi uygulamada zorluk nedeniyle tedaviyi birakti. Ug hastada ilag
etkisizligi saptanarak tedaviyi sonlandirdi.

Biyolojik naif olmayan 38 hasta (%92,7) mevcut idi. Psoriyazis nedeniyle sekukinumab baglanilan
3 (%7,3) hasta ise biyolojik naifti. Biyolojik naif olan hasta sayisinin azligi nedeniyle iki grup
arasindaki karsilastirma istatiksel olarak anlamli degildir.

Tedaviye devam eden 25 hastanin inflamatuvar indeksleri kaydedildi. SII tedavi baslangici
661,52+655,66, tedavinin {i¢iincii ayinda 605,88+375,58, tedavinin altinct ayinda 617,56+497,76
idi. SIRI tedavi baslangicinda 1,32+1,00, tedavinin {i¢ilincii ayinda 1,28+0,79, tedavinin altinci
ayinda 1,1340,61 idi. NLO tedavi baslangicinda 2,47+1,82, tedavinin {i¢iincii ayinda 2,17+0,82,
tedavinin altinc1 ayinda 2,33+1,07 idi. MLO tedavi baslangicinda 0,25+0,12, tedavinin {igiincii
ayinda 0,28+0,15, tedavinin altinc1 ayinda 0,30+0,25 idi. PLO tedavi baslangicinda 137,52+63,81,
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tedavinin iiglincii ayinda 151,24+76,61, tedavinin altinc1 ayinda 153,20+86,96 idi. CRP tedavi
baslangicinda 5,39+4,69, tedavinin ii¢lincii ayinda 5,56+4,80, tedavinin altinc1 ayinda 6,06+3,29 idi.
ESR tedavi baslangicinda 17,76+15,54, tedavinin iigiincii ayinda 13,72+13,46, tedavinin altinci
ayinda 13,76+9,62 idi. Hastalarin tedavi baslangicinda, tedavinin ii¢lincii ayinda ve altinci ayinda
bakilan NLO, PLO, MLO, SII, SIRI arasinda istatiksel olarak anlaml1 bir fark saptanmadi (Tablo 2).

Tablo 1: Sekukinumab Kullanan Hastalarin Demografik Ozellikleri

Tiim hastalar Sekukinumab devam Sekukinumab kesilen p
(n=41) (n=29) (n=12)

Kadin, n (%) 33 (%80,5) 23 (%79,3) 10 (%83,3) 1,000
Yas, yil, (ort, min-max) 49,2 (24-70) 50 (24-70) 45(29-59) 0,800
Psoriyazis siiresi, yil 15 (2-40) 13 (2-33) 21 (6-40) 0,228
(ort, min-max)
PsA siiresi, yil, 9 (1-30) 8 (1-30) 11 (4-30) 0,442
(ort,min-max)
Tutulum tipi, n (%)

Poliartikiiler 15 (%36,6) 11 (%37,9) 4 (%33,3)

Oligoartikiiler 21 (%51,2) 15 (%51,7) 6 (%50)

Aksiyel 5(%12,2) 3(9%10,3) 2 (%16,7)

Daktilit 13 (%31,7) 6 (%20,7) 7 (%58,3)

Entezit 10 (%24,4) 6 (%20,7) 4 (%33,3)
Tirnak degisikligi, n (%) 20 (%48,8) 15 (%51,7) 5 (%41,7) 0,808
Tedavi, n (%)

Mtx 10 (%24,4) 8 (%27,6) 2 (%16,7)

Lef 3 (%7,3) 3 (%10,3) 0 (%0)

Mtx- Lef 14 (%34,1) 8 (%27,6) 6 (%50)

Mtx-Slz 3 (%7,3) 3 (%10,3) 0 (%0)

Mtx-Slz- Lef 10 (%24,4) 6 (%20,7) 4 (%33,3)

Slz 1 (%2,4) 1 (%3,4) 0 (%0)
Sekukinumab tedavi, ay, (ort, min- 16 (1-45) 29 (2-45) 12 (1-38) 0,637
max)
Biyolojik naif, n (%) 3 (%7,3) 3(%10,3) 0 (%0) 0,680
Steroid, mg, 7,5 (0-16) 6,4 (0-16) 10 (4-16) 0,109
(ort, min-max)
RF pozitif, n (%) 2 (%4.9) 2 (%6.9) 0 (%0) 1,000

Cdmard; konvansiyonel hastalik modifiye edici antiromatizmal ilag, mtx: metotreksat, min; minimum, max; maksimum,
lef; leflunomid, ort; ortalama, psa; psoriyatik artrit, rf: romatoid faktor, slz: siilfasalazin.
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Tablo 2: Sekukinumab Tedavisi Altinda Hastalarin Enflamatuvar Paremetreleri

Tedavi Baslangic1  Tedavinin 3. Ay1r Tedavinin 6. Ay1 p

(ort, ss) (ort, ss) (ort, ss)
Sl 661,52+655,66 605,88+375,58 617,56+497,76 0,906
SIRI 1,32+1,00 1,28+0,79 1,13£0,61 0,208
NLO 2,47+1,82 2,17+0,82 2,33+1,07 0,662
MLO 0,25+0,12 0,28+0,15 0,30+0,25 0,291
PLO 137,52+63,81 151,24+76,61 153,20+86,96 0,226
CRP 5,39+4,69 5,56+4,80 6,06+3,29 0,083
ESR 17,76+15,54 13,72+13,46 13,76+9,62 0,067

CRP; c-reaktif protein, ESR; eritrosit sedimantasyon hizi, MLO; monosit/lenfosit oran, NLO; nétrofil/lenfosit orani, ort;
ortalama, PLO; platelet/lenfosit orani, SII; sistemik immiin inflamasyon indeksi (trombosit sayisi x notrofil sayisi/
lenfosit sayist), SIRI; sistemik inflamatuvar cevap indeksi (ndtrofil sayis1 x monosit sayisi / lenfosit sayisi), ss; standart

sapma.

TARTISMA ve SONUC
Calismamiz PsA hastalarinda sekukinumab tedavisinin etkinliginin, ilaca devam durumunun ve
inflamatuvar paremetrelerin degerlendirildigi tek merkezin ger¢ek yasam deneyimidir.

Sekukinumab tedavisinde kalim siiresi ilk bir yilda literatiirde AS ve PsA %55 ile %86 arasinda
degismektedir (12-15). Bizim ¢aligmamizda 41 hastanin 10 tanesine son bir yil i¢inde tedavi
baslanmistir. 31 hastanin ise bir yillik tedavide kalim oram1 %61 olarak kaydedilmistir. Bu oran
literatiirle benzer aralikta olup, literatiirde bahsi gegen yiiksek kalim oranlarina ulagilamamasinin
nedeni ise, tedavi baslanilan grubun bir¢ogunun TNF’1 naif olmamas1 ve direngli hasta grubu olmasi
ile iligkilendirildi. ASTURias calismasi gibi literatiirdeki bir¢ok ¢alismada, TNFi direncli grupta,
TNFi naif gruba gore tedavide kalim siiresi daha az oldugu goriilmiistiir (14,15). PsA siniflama
kriterlerinden biri RF negatifligi olsada, yapilan ¢aligmalarda PsA olan hastalarda yaklagik %8,3-11
oraninda artmig RF prevelansindan bahsedilmektedir (16,17). Bizim ¢alismamizda ise bu oran %4,9
olarak bulunmustur.

Sekukinumab kullanimi ile mukokutandz kandida enfeksiyonlari, iist solunum yolu enfeksiyonu,
nazofarenjit ve gibi enfeksiy6z durumlara yatkinlig: artirabilmektedir. Caligmaya alinan hastalardan
bir hasta pnomoni bir hasta da PIH nedeniyle ilact birakt1 (5). Hasta sayisinin az olmasi nedeniyle
bu veriyi literatiir ile karsilagtirmak uygun degildir.

Sekukinumab ile IBH arasindaki iliskiyi arastiran bir ¢alismada 1380 hastada degerlendirilmis. 7
hastada yeni baslangi¢ olmak iizere 8 hastada IBH tespit edilmistir (18). Calismamizda 2 hastada
IBH aktivasyonu goriildii ve tedavi sonlandirildi. Hasta sayisinin az olmasi nedeniyle yapilan
calismaya oranla daha yiiksek bir oranda klinigimizde IBH aktivasyonu gériildii. Bu durum hasta
sayisinin yetersiz olmasi ile iliskilendirildi.
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Sekukinumab tedavisi alan hastalarda yapilan tiiberkiiloz (TB) reaktivasyonu ¢aligmasinda aktif TB
veya latent TB enfeksiyonu reaktivasyonu vakasi bildirilmemistir. Bizim takipli hstalarimizda da
TB reaktivasyonu goriilmemistir (19).

Giliniimiizde bir¢ok c¢alismada hematolojik parametrelerden hesaplanan bazi indeksler sistemik
inflamasyonun gostergesi olarak bir¢ok alanda kullanilmaktadir. Calismamizda bakilan NLO, MLO,
PLO, SII, SIRI oranlarinin bir¢ok ¢esitli ¢alismada inflamasyon durumlarinda arttigr dogrulanmistir
(20, 21, 22, 23). Crp ve ESH diizeyleri PsA hastalarinda inflamasyonun bir gostergesi olarak yiiksek
bulunabilir (24,25). PsA ve ankilozan spondilit (AS) hastalarinda yapilan bir ¢alismada
sekukinumab tedavi baslangici ve altinci ayda bakilan hemogram degerlerinde, CRP ve ESH
diizeylerinde anlamli bir fark saptanmamustir (26). TNFi ve sekukinumab kullanan iki grup arasinda
yapilan bagka bir calismada NLO ve PLO oranlar1 bakilmis olup sekukinumab alan grupta daha
yiiksek bulunmustur (27). Psoriyazisde yapilan bir ¢alismada sekukinumab tedavisi sonrasi CRP,
NLO ve PLO’ da diisiis oldugu goriilmiistiir (28). Kirk dort hasta {izerinde yapilan baska bir
calismada CRP degerlerinde anlamli diisiis saptanmazken, ESH degerlerinde diisiis saptanmistir
(29). Bu konuda literatiirde ¢eligkili sonuglar mevcuttur. Tedavi ile inflamatuvar parametrelerde
anlamli azalma oldugunu gosteren calismalar mevcut olamasina ragmen herhangi bir fark
olmadigini belirten de yayinlar mevcuttur. Ancak sekukinumab ile ilgili 5’ i PsA olmak tizere (2475
hasta) 19 klinik ¢alismanin (9197 hasta) analiz edildigi bir derlemede tedavinin 16. haftasinda PsA
hastalarinda CRP ve NLO’ da anlamli bir diisiis oldugu goriilmistir (30). Ancak bizim
calismamizda herhangi inflamatuvar bir parametrede diisiis saptanmamustir.

Calismamizin temel kisitliligi inflamasyon belirteclerinin sadece hastalik klinik olarak remisyonda
oldugu donemde bakilmasi ve hastalik aktivite skorlari ile birlikte degerlendirilmemesi, kesitsel bir
calisma olmasi, hasta sayisinin az olmasidir. Buna bagli olarak inflamatuvar parametrelerde anlamli
bir fark goriilmedigi diisiiniilmektedir.

Sekukinumab, TNFi kullanmamis ve TNFi direngli PsA hastalarinda giivenli ve etkilidir (6,7, 8).
Calismamizda ortanca 16 aylik takip siiresinde ciddi malignite ve mortalite goriilmemistir. Bu
durum mevcut literatiirle uyumludur. Caligmamizda hastalarin biiytlik bir kisminda daha 6nce bir
biyolojik ajan kullanmis olmasina ragmen sekukinumab tedavisinde kalim oranlariin oldukc¢a
yiiksek oldugu saptanmistir. Sekukinumab, PsA tedavisinde etkili bir tedavi segcenegi olarak klinik
kullanimimizda yer almaktadir.

Etik Kurul Onayi: Bu c¢alismada, “Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi YoOnergesi”
kapsaminda uyulmasi gerekli tiim kurallara uyuldugunu, bahsi gegen yonergenin “Bilimsel Aragtirma ve Yayin Etigine
Aykirt Eylemler” baslig1 altinda belirtilen eylemlerden higbirinin gerceklestirilmedigini taahhiit ederiz. Bu ¢alisma
Siileyman Demirel Universitesi Etik Kurulu tarafindan 17.09.2024 tarihinde E-87432956-050.99-838809 say1 numarasi
ile onay almistir.
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ABSTRACT

Obijective: In cases where computed tomography (CT) scans are clinically necessary for pregnant patients, accurately
estimating fetal radiation exposure is essential. Current methods, however, lack practicality for routine clinical use.
This study aims to calculate fetal and organ doses in pregnant patients undergoing CT scans using the Monte Carlo
Simulation Method. Methods: Monte Carlo (MC) simulations were conducted on phantoms representing pregnant
patients at gestational ages of 8-15 weeks, using a 64-slice CT scanner (Discovery CT750 HD GE Healthcare). Organ
doses were also calculated. The MC code for dose distribution was validated through CT Dose Index (CTDI)
measurements, following AAPM protocols. Volumetric CTDI values were normalized, developing an algorithm for
fetal dose estimation across various body regions and exposure settings. Results: Fetal doses were within safe limits,
indicating minimal risk to development. The study highlights the importance of minimizing radiation exposure,
particularly through low-dose protocols. Additionally, optimizing CT parameters and using alternative imaging
methods, such as ultrasound or MRI, are recommended when clinically feasible. Conclusions: This study presents a
practical approach for estimating fetal radiation doses during CT scans, aiding in exposure reduction. Future research
may expand this algorithm’s validation across larger patient groups, emphasizing the need for radiology practices to
employ the lowest dose possible and to consider non-ionizing imaging alternatives.

Keywords: Monte Carlo Simulation, Fetal Radiation Dose, CT in Pregnancy, Low Dose Protocols

0z

Amag: Travma veya klinik fayda gerektiren diger durumlarda, gebe hastalarda bilgisayarli tomografi (BT) taramalar1
gerektiginde, fetiisiin maruz kaldigi radyasyon dozunu dogru tahmin etmek 6nemlidir. Ancak mevcut yontemler, rutin
klinik kullanim igin pratik degildir. Bu calisma, Monte Carlo Similasyon Yontemi ile gebe hastalarda BT
taramalarindan kaynaklanan fetal ve organ dozlarmi hesaplamayr amaglamaktadir. Yontemler: Farkli gebelik
donemleri (8-15 hafta) i¢in gebe hasta fantomlar1 kullanilarak 64 kesitli BT tarayici (Discovery CT750 HD GE
Healthcare) ile Monte Carlo (MC) simiilasyonlar1 gergeklestirildi. Organ dozlar1 da hesaplandi. AAPM protokollerine
gore BT Doz Indeksi (CTDI) &l¢iimleriyle dogrulanan MC kodu, hacimsel CTDI degerleri normalize edilerek fetal
doz hesaplamalarinda kullanilmak iizere bir algoritma gelistirildi. Bulgular: Fetiisiin diisiik radyasyon dozlarina maruz
kaldig1 ve bu seviyelerin fetal gelisim i¢in risk olusturmadigi gézlemlenmistir. Calismada elde edilen dozlar, kabul
edilebilir klinik smirlar igerisindedir. Diisiik doz protokollerinin kullanimi ve BT tarama parametrelerinin
optimizasyonu, gebelikte radyasyon maruziyetini en aza indirmede etkilidir. Uygun oldugunda, ultrason veya MRI
gibi iyonlagtirict olmayan alternatif goriintiileme yontemleri onerilmektedir. Sonuglar: Bu c¢aligma, BT taramalari
sirasinda fetal radyasyon dozlarini hesaplamak icin uygulanabilir bir yaklagim sunmaktadir. Gelistirilen algoritma,
fetal maruziyeti azaltmada onemli bir ara¢ olabilir. Gelecek ¢alismalar, algoritmay1 daha genis hasta gruplarinda
dogrulayarak aragtirmay1 genisletebilir ve diisiik doz protokollerinin 6nemini vurgulamaktadir.

Anahtar Kelimeler: Monte Carlo Simiilasyonu, Fetal Radyasyon Dozu, Gebelikte BT, Diisiik Doz Protokolleri
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INTRODUCTION

Computed tomography (CT) is an established imaging modality in modern medicine that delivers
rapid and high-resolution images for diagnostic and therapeutic purposes. The use of CT imaging
has significantly increased over the past few years, particularly in certain populations like pregnant
women, due to trauma injuries, cancer screenings, and other clinical applications (1). Because CT
provides fast and accurate diagnostic information, it is often preferred in emergency situations,
even for pregnant patients. However, the ionizing radiation involved poses risks, especially to
radiosensitive tissues like the fetus (2).

The biological effects of ionizing radiation, such as DNA damage and cell death, are well-known
and linked to cancer development (9). The developing fetus, especially during rapid cell division,
is highly sensitive to radiation, leading to risks like developmental abnormalities, organ
malformations, and a higher risk of cancer later in life (3). Thus, it’s crucial to carefully assess
radiation risks for both the mother and fetus during CT scans (4). Ideally, alternative imaging
methods without radiation exposure, like ultrasound or MRI, should be used whenever possible.
But in emergencies, where CT is necessary, the diagnostic method with the lowest possible
radiation dose for both the mother and fetus should be selected (5).

The fetus’s susceptibility to radiation depends on factors such as gestational age, patient anatomy,
the distance between the uterus and the scanned region, and CT scan parameters (4). For instance,
fetal doses from scans of the mother’s neck or head are negligible, while direct scans involving the
uterus may result in doses up to 50 mGy (6), which can significantly affect development.

Existing methods to estimate fetal radiation exposure during CT have practical limitations in
clinical practice, often lacking accuracy or feasibility across different scenarios. Thus, there’s a
need for more reliable and clinically applicable models that can be easily integrated into
workflows. Since radiation impacts rapidly dividing cells, such as those in a developing fetus,
accurate fetal dose estimation during CT is critical to assess these risks. However, direct
measurement is technically and ethically challenging (6), necessitating dependable models (7).

One of the most reliable ways to assess fetal radiation exposure is through Monte Carlo
simulations. These simulate the interaction of photons and ionizing radiation with body tissues to
provide accurate radiation absorption estimates (8). This method is widely used in pregnant
patients through patient-specific models and phantoms. For example, Angel et al. (6) employed
Monte Carlo simulations to estimate fetal doses at different gestational stages. These methods
offer reliable dose estimations, yet further refinement is needed to integrate these results into real-
time clinical decisions.

In conclusion, minimizing radiation risks for pregnant patients undergoing CT scans requires
reliable dose estimation methods. Monte Carlo simulations and other modern techniques play a
crucial role in this context (8). This study aims to calculate fetal radiation doses accurately using
the NCICT simulation tool and emphasizes the clinical applicability of Monte Carlo methods.
Additionally, it seeks to address the limitations of current fetal dose estimation practices by
providing healthcare professionals with a validated tool.

MATERIAL and METHOD

This study employed the NCICT dosimetric simulation tool, which leverages a Monte Carlo-based
approach, to precisely estimate organ doses in pregnant patients and fetuses undergoing CT scans
(8). The NCICT system is specifically designed to simulate radiation exposure across various
organs and calculate effective doses during CT imaging, providing detailed information critical for
dose management in clinical settings (6). In this study, the tool was optimized to enhance its
accuracy and applicability in assessing organ doses specific to pregnant patients and their fetuses

(4).
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Patient-specific data was incorporated to allow for realistic dose assessments in both pregnant
individuals and their fetuses (5). Anthropomorphic models were selected to represent pregnancy
stages between 8 and 15 weeks, capturing the natural anatomical changes occurring during early
gestation. These models were sourced from the comprehensive NCICT database, ensuring that the
simulations closely aligned with real clinical scenarios and reflected the unique anatomical
characteristics of pregnant patients at each gestational age (3,8). The models were further adapted
for use with the NCICT system, including adjustments to better represent pregnancy-specific
anatomy, thus enhancing the fidelity and relevance of the simulation outcomes (6).

Simulation process, Monte Carlo simulations integrated within the NCICT framework enabled in-
depth radiation dose calculations at the organ level. This method involves tracking the interactions
of photon particles as they pass through different tissues, which is essential for accurately
estimating energy deposition in radiosensitive areas such as the uterus and fetal organs. By
incorporating a Python-based backend, the simulations were streamlined for efficient processing,
which facilitated scalability and allowed for multiple patient models and CT scan protocols to be
simulated with precision (6).

Detailed Steps for Dose Calculation: CT Scan Parameters Input: A Python-based interface was
developed to input essential CT scan parameters, including tube voltage (kVp), tube current
(mAs), scan length, pitch, rotation time, and scan mode (e.g., spiral or helical). These parameters
were chosen based on clinical protocols typically used in diagnostic CT imaging for pregnant
patients, ensuring that the simulations could replicate real-world clinical scenarios accurately (6).
The choice of these parameters is critical, as variations can influence radiation dose and
distribution, especially in sensitive anatomical areas.

Selection of Patient Models: Anthropomorphic models tailored for various gestational stages (8-15
weeks) were selected from the NCICT database. Each model represents specific anatomical
characteristics associated with the given gestational period, reflecting changes in maternal and
fetal anatomy. Python-based functions automated the model selection process, ensuring that the
appropriate model was applied based on the patient’s gestational age, allowing for an accurate
assessment of radiation exposure relative to gestational development (8).

Monte Carlo Photon Simulations: In these simulations, photon interactions with tissues were
simulated in detail, with each organ assigned specific absorption coefficients to determine the
likelihood of photon interaction and energy transfer. The simulations were designed to focus on
energy deposition within radiosensitive organs, such as the uterus, fetal brain, liver, and other
critical organs, ensuring that radiation exposure estimates were as accurate as possible. Monte
Carlo techniques accounted for variations in tissue composition, organ density, and anatomical
location, providing a realistic representation of radiation distribution within the body (4).

Calculation of Organ Doses: Energy absorbed in each organ was converted into radiation doses,
expressed in milligrays (mGy). This conversion involved calculating the absorbed dose for each
organ based on the number of photon interactions, the energy deposited, and the organ’s size and
density. The results were then evaluated according to national and international radiation safety
standards, specifically those outlined by the International Commission on Radiological Protection
(ICRP) and the American Association of Physicists in Medicine (AAPM). These standards
provided reference values to ensure that radiation exposure remained within clinically safe limits,
particularly for vulnerable fetal tissues (9).

Validation of the Monte Carlo simulation results was conducted by comparing calculated doses
with CT Dose Index (CTDI) measurements obtained in accordance with AAPM protocols (9).
CTDI values serve as a standard metric for assessing radiation output from CT scanners, and
aligning the simulation data with these values ensures consistency with clinical dosimetric
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benchmarks. Additionally, comparisons were made with established dosimetric data from the
literature, verifying the accuracy and reliability of the calculated doses. This validation process
confirmed that simulated doses fell within acceptable error margins, underscoring the robustness
of the Monte Carlo method in providing reliable estimates of fetal and maternal radiation exposure

during CT scans (6).

Validation is crucial as it ensures the fidelity of the simulation tool, allowing healthcare
professionals to confidently use these estimates in clinical decision-making.

Table 1: Summary of the CT Protocol Parameters

Parameter/Process Discovery CT750 HD - Brain Scan _ Discovery CT750 HD - Thorax Scan
Scan Type Brain Thorax
Rotation Time () 0.5 0.4
Detector Configuration (mm) 20 40
Table Speed (mm/rotation) 10.62 55
Tube Current (mA) 200 200
Tube Voltage (kVp) 100-120 100-120
Automatic Exposure Control (AEC) Off Off
Scan Field of View (SFOV) Brain Thorax
Reconstruction Algorithm Standard Standard
CTDIvol (mGy) 38.43 15

Description/Components

Input

CT Scan Parameters Entry

-kVp (tube voltage)
-mAs (tube current)
-Scan length
-Pitch
-Rotation time
-Scan mode (spiral/helical)

Model Selection

Anthropomorphic Model Selection

-Gestational age (8-15 weeks)
-Maternal anatomy models
-Fetal anatomy models
-Organ-specific parameters

Simulation

Monte Carlo Photon Simulation

-Tissue-specific absorption coefficients

-Energy transfer calculations
-Radiosensitive organ focus
-Anatomical variation accounting

Calculation

Organ Dose Calculation

-Energy absorption quantification
-Dose conversion to mGy
-Organ-specific dose estimation
-ICRP/AAPM standard comparison

Validation

Results Validation

-CT Dose Index (CTDI) measurements

-Literature data comparison
-Error margin assessment
-Clinical benchmark alignment

Output

Results Visualization and Reporting

-Organ dose tables
-Visual dose distribution maps
-Fetal dose estimation
-Clinical recommendation support
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RESULTS

This study examined the organ doses for a pregnant woman during head CT scans performed at 8
and 15 weeks of gestation using Monte Carlo simulations. The results indicated comparable
radiation doses between both gestational weeks, with slightly higher radiation absorption at 120
kVp compared to 100 kVp. The specific organ doses and their clinical relevance are discussed
below.

Brain: While the brain is relatively resistant to radiation, the doses observed in this study (ranging
from 37.67 mGy to 40.92 mGy) should be carefully considered, especially in pregnant patients.
There are no immediate short-term effects linked to these doses, but long-term cumulative
exposure may elevate neurological risks. CT scans during pregnancy are particularly important for
fetal neurological development. The higher doses at 120 kVp, compared to 100 kVp, show that
more radiation is absorbed at higher tube voltages.

Pituitary Gland: This critical endocrine organ, responsible for hormone production, was exposed to
doses between 32 mGy and 36 mGy. These levels are of clinical concern, as radiation exposure to
the pituitary during pregnancy could disrupt maternal hormonal balance, potentially affecting fetal
development. Hormonal changes caused by radiation may have long-lasting effects on pregnancy
outcomes.

Lens: The eye lens is highly sensitive to radiation, with doses in this study ranging from 45 mGy
to 46 mGy. These levels are known to increase the risk of cataract formation, a condition resulting
from cumulative radiation exposure. Therefore, such radiation levels should be monitored closely,
particularly due to the cumulative nature of lens damage.

Eyeballs: Radiation exposure to the eyeballs was recorded at 44-45 mGy, approaching the
threshold for eye health. While immediate risks are minimal, the long-term effects on sensitive eye
tissues must be taken into account.

Salivary Glands: The salivary glands received relatively high doses (46-48 mGy), and prolonged
exposure could lead to reduced saliva production, dry mouth, and potential loss of function.
Monitoring radiation exposure to these glands is vital to prevent long-term damage.

Oral Cavity: Radiation doses to the oral cavity ranged from 36 to 39 mGy, posing a moderate risk
to mucosal tissues. These doses may result in symptoms like mucosal damage and dry mouth,
necessitating close monitoring in clinical settings.

Spinal Cord: Although significant radiation to the spinal cord can result in neurological issues, the
doses observed in this study were low (4.45-4.91 mGy), and are unlikely to cause clinical effects.
However, low-dose protocols should be maintained to minimize any potential risk.

Thyroid Gland: The thyroid, one of the most radiation-sensitive organs, was exposed to doses
between 3.67 mGy and 3.98 mGy. Even low doses can increase the risk of thyroid cancer, so
radiation to this area should be minimized whenever possible. Protective measures like thyroid
shielding are recommended.

Other Organs (Esophagus, Trachea, Thymus, Lungs, Breast, Heart Wall): These organs were
exposed to relatively low doses (0.7 to 10 mGy). While these doses are within acceptable limits for
less sensitive organs, their long-term impact on critical organs, like the heart and lungs, should not
be overlooked, especially in cases of repeated exposure.
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Effective Dose: The effective dose, used to assess the overall impact of radiation exposure on
health, ranged from 1.8 mSv to 1.95 mSv in this study. These values fall within acceptable limits
for a CT scan. However, cumulative exposure to radiation over time still poses risks such as
cancer.

Therefore, keeping radiation doses "As Low As Reasonably Achievable™ (ALARA) is critical.
Although the differences between 100 kVp and 120 kVp were minimal, slightly higher doses were
observed at 120 kVp. This indicates that higher tube voltages lead to greater radiation absorption
in organs. Radiation doses to sensitive organs like the eyes, thyroid, and salivary glands reached
clinically significant levels, which requires careful consideration in clinical protocols. Although
effective doses were within safety limits, the potential long-term effects on the fetus, especially
concerning cumulative exposure, should not be ignored. Whenever possible, lower-dose protocols
or alternative imaging methods, like MRI or ultrasound, should be preferred.

Organ Dose - Head Scan (Mother, 8 and 15 Weeks, 100kVp and 120kVp)
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The fetal organ doses for head CT scans at 8 and 15 weeks of gestation. The results indicate that
no significant radiation exposure was observed in critical fetal organs such as the brain, pituitary
gland, eye lenses, and eyeballs. This is a positive outcome, as it shows that these radiation-
sensitive organs were effectively protected during the scans. The absence of radiation exposure to
the brain and eye lenses is crucial for the fetus’s long-term neurological and visual development.
At 8 weeks of gestation, the salivary glands and oral cavity received minimal radiation doses (0.01
mGy). These doses are extremely low and pose no clinical risk. At 15 weeks, no radiation was
detected in these organs, reinforcing the conclusion that the overall exposure to the fetus was
negligible.
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For the spinal cord, doses ranged between 0.01 and 0.02 mGy. While the spinal cord is a vital
structure, these radiation levels are so low that they are unlikely to cause any significant effects,
such as nerve damage. The low radiation doses observed suggest that the developing nervous
system was well protected.

The thyroid gland, known for its sensitivity to radiation, received doses ranging from 0.01 to 0.05
mGy. While radiation exposure to the thyroid carries the risk of thyroid cancer, the extremely low
doses recorded in this study are considered low-risk and are unlikely to affect thyroid health
adversely. The lack of radiation exposure to the thyroid early in pregnancy is a favorable outcome,
reducing the risk of long-term complications.

Minimal radiation was also observed in internal organs such as the stomach and liver. At 8 weeks,
the stomach received 0.06 mGy, while the liver received 0.01 mGy. No measurable radiation was
detected in either organ at 15 weeks. These low doses are unlikely to have any significant impact
on fetal organ development.

The digestive system, including the small intestine and colon, received approximately 0.02 mGy of
radiation at 8 weeks. These low levels are generally considered safe and are unlikely to cause
clinical concerns. Bone marrow, another radiation-sensitive tissue, received very low doses, with
both active and shallow bone marrow exposed to 0.01 mGy at 8 weeks, posing minimal risk for
conditions like bone marrow cancer or hematologic disorders.

The effective dose was also maintained at low levels, with an observed effective dose of 0.01 mSv.
This is generally categorized as low risk, especially in the first trimester when critical neurological
and physiological development occurs. These low radiation doses are considered safe, and the
results suggest that the fetus was exposed to minimal radiation during the scans.

Organs such as the thyroid, spinal cord, digestive system, and bone marrow received doses ranging
from 0.01 to 0.05 mGy. Although these doses do not pose significant clinical risk, it is essential to
monitor every dose applied to developing fetal tissues. Overall, the radiation doses during these
head CT scans were extremely low, with minimal risk of long-term effects on fetal development.
However, due to the fetus’s heightened sensitivity to radiation in early development, the use of
low-dose protocols is strongly recommended. The effective dose of 0.01 mSv suggests low
radiation exposure, with no significant impact on development expected. Nevertheless, alternative
imaging modalities such as MRI or ultrasound should be considered whenever possible to further
reduce radiation exposure.

Organ Dose - Head Scan (Fetus, 8 and 15 Weeks, 100kVp and 120kVp)
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Effective Dose Comparison for Different Conditions (Head Scan-Fetus)
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Figure 4: Fetus (8-15 Weeks) Phantom with Different k\Vp Effective Doses

The thoracic CT scan results performed at 8 and 15 weeks of gestation show varying radiation doses
across different organs, emphasizing the importance of minimizing exposure, especially in radiation-
sensitive organs.

Brain: The brain received relatively low doses during thoracic scans, ranging from 0.17 mGy to 0.2
mGy. While the brain is sensitive to radiation, these doses are low and pose no immediate clinical
risk. However, the potential for cumulative radiation exposure and long-term neurological effects
should not be overlooked, especially in individuals undergoing multiple scans.

Pituitary Gland: The pituitary gland, responsible for hormonal regulation, received doses between
0.19 mGy and 0.23 mGy. Though these levels are low, the gland’s role in maintaining hormonal
balance during pregnancy warrants careful monitoring. Even low doses could potentially impact
long-term hormonal regulation, although no immediate harm is expected.

Eye Lenses and Eyeballs: The radiation doses observed for the eye lenses and eyeballs, ranging from
0.13 mGy to 0.17 mGy, are also low. The eye lens is highly sensitive to radiation, and while the risk
of cataracts at these levels is minimal, the cumulative effects of repeated exposure should be
considered. Currently, these doses are unlikely to cause significant clinical effects.

Salivary Glands: The salivary glands received higher radiation doses compared to other organs, with
doses ranging from 1.34 mGy to 1.43 mGy. Long-term effects like salivary gland dysfunction or dry
mouth may occur with repeated exposure. However, these doses are tolerable for single exams,
although future scans should aim to reduce exposure to these glands.

Spinal Cord: The spinal cord received doses ranging from 6.31 mGy to 6.94 mGy. While these doses
are not immediately harmful, the risk of nerve damage and neurological complications increases with
cumulative exposure. Lower-dose protocols should be prioritized when scanning areas that expose
the spinal cord, especially in pregnant patients.

Thyroid: The thyroid, highly sensitive to radiation, received significant doses of 17.22 mGy to 17.56
mGy. These levels could increase the long-term risk of thyroid cancer due to the thyroid’s high
radiation sensitivity. Shielding or minimizing exposure to the thyroid is highly recommended.

Esophagus and Trachea: These organs received radiation doses between 9.46 mGy and 11.00 mGy.
While these doses are within acceptable limits, they may slightly increase the long-term risk of
esophageal cancer. Immediate risks remain low, but cumulative exposure could have implications.

Lungs: The lungs, critical in radiation exposure, received doses ranging from 10.52 mGy to 11.27
mGy. This may increase the long-term risk of lung cancer, particularly with repeated exposure.
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Reducing radiation to the lungs should be prioritized, especially for patients with pre-existing
conditions or other risk factors like smoking.

Heart and Liver: The heart wall and liver received doses ranging from 8.89 mGy to 11.06 mGy.
These organs could face long-term risks from cumulative radiation exposure, particularly for
patients with pre-existing conditions. Repeated exposure to these doses may worsen underlying
health issues.

Effective Dose: The overall effective dose ranged from 6.07 mSv to 6.48 mSv. While within
acceptable limits for medical imaging, it is important to consider that the scan was performed on a
pregnant patient. Lower-dose protocols should be used to minimize risks to the fetus.

Organ Doses: Radiation-sensitive organs like the thyroid, spinal cord, and lungs received moderate
to high doses, especially at 120 kVp. The thyroid, in particular, is at higher risk due to its radiation
sensitivity. Protective measures should be considered for future scans.

Fetal Risks: Although the thoracic scan was performed on the mother, minimizing fetal radiation
exposure is essential. The effective doses fall within safe limits, but radiation exposure should
always be minimized during pregnancy. Shielding and low-dose protocols are critical to protect
both mother and fetus.

Comparison of Tube Voltages: Scans using 120 kVp resulted in higher radiation doses compared
to 100 kVp. Whenever possible, lower-voltage scans (100 kVp) should be preferred to reduce
radiation exposure without compromising diagnostic quality.

Organ Dose - Thorax Scan (Mother, 8 and 15 Weeks, 100kVp and 120kVp)
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The fetal thoracic CT scan results at 8 and 15 weeks of gestation show minimal radiation exposure
across most organs. Below is a detailed analysis of organ-specific radiation doses and their
potential clinical impact on fetal development.

Brain and Pituitary Gland: At 8 weeks, no radiation exposure was detected in the brain and
pituitary gland. However, at 15 weeks, these organs received doses between 0.05 mGy and 0.06
mGy. While these doses are low and unlikely to significantly affect fetal brain development, both
the brain and the pituitary gland are highly sensitive to radiation. Therefore, even low-level
exposure should be closely monitored to mitigate any potential risks to neurological development.

Eye Lenses and Eyeballs: No radiation was detected in the eye lenses and eyeballs at 8 weeks, but
very low doses were recorded at 15 weeks (0.06-0.07 mGy). These doses pose minimal risk to eye
health and are unlikely to cause cataracts. However, since fetal eye tissues are highly sensitive to
radiation, continued monitoring is recommended to ensure no long-term adverse effects occur.

Salivary Glands and Oral Cavity: At 15 weeks, the salivary glands and oral cavity received low
doses of radiation (0.04—0.05 mGy). While these doses are low and pose no significant risk to fetal
development, the long-term effects on tissue development should be carefully evaluated,
particularly with repeated exposure.

Spinal Cord: The spinal cord, crucial for fetal development, was exposed to doses between 0.04
and 0.06 mGy at 15 weeks. Although these levels do not pose substantial risks to spinal cord
development, careful monitoring is recommended to protect this essential structure during critical
periods of fetal growth.

Thyroid: The fetal thyroid, highly sensitive to radiation, received low doses (0.01 mGy at 8 weeks
and 0.04-0.06 mGy at 15 weeks). While these doses are low and pose minimal risk, limiting
radiation exposure to the thyroid is crucial. Monitoring and, where possible, shielding are advised
to minimize exposure.

Lungs, Heart, and Chest Region: The fetal lungs, heart wall, and chest region were exposed to low
doses (0.05-0.06 mGy) at 15 weeks. While these doses are low-risk for fetal development, the
long-term effects on lung and cardiac function should be carefully monitored, especially given
cumulative exposure.

Internal Organs (Stomach, Liver, Gallbladder, Kidneys): At 8 weeks, no radiation was detected in
most internal organs, while at 15 weeks, doses ranged from 0.05 mGy to 0.09 mGy. These doses
are low and generally pose no significant risks to fetal development. However, the long-term
effects on organ growth and function should be considered, particularly with repeated imaging.

Digestive System (Small Intestine, Rectosigmoid Region): Radiation exposure to the small
intestine and rectosigmoid region at 15 weeks ranged from 0.07 to 0.1 mGy. These doses are
unlikely to impact fetal digestive system development, but minimizing exposure is recommended
to reduce potential long-term risks.

Urinary and Reproductive Systems (Prostate, Testes, Ovaries): At 15 weeks, the bladder, prostate,
testes, and ovaries were exposed to low doses (0.05-0.1 mGy). These doses are not expected to
impact fetal reproductive system development significantly. However, since these organs are
sensitive to radiation, close monitoring and dose minimization are advised.

Bone Marrow: Bone marrow, crucial for hematopoietic system development, received doses
between 0.1 mGy and 0.12 mGy at 15 weeks. While these levels pose minimal risks to bone
marrow
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development, any radiation exposure to such sensitive tissues should be approached cautiously.
The cumulative effects on long-term hematologic health warrant attention.

Effective Dose: The effective dose to the fetus at 15 weeks ranged from 0.07 to 0.09 mSv. These
levels are within safe limits for fetal development. However, minimizing radiation exposure is
essential due to the fetus’s high sensitivity during early development. Lower-dose imaging
protocols and alternative modalities, such as MRI or ultrasound, should be considered whenever
feasible to avoid unnecessary radiation.

Although the radiation doses observed across fetal organs during thoracic scans are minimal,
continued monitoring is vital to ensure long-term development is not adversely affected. This is
particularly true for sensitive organs such as the brain, thyroid, spinal cord, and bone marrow. For
organs like the thyroid and reproductive system, reducing exposure with dose minimization
strategies and considering alternative imaging methods is highly recommended. The effective dose
at 15 weeks remains within safe limits, but ongoing efforts to reduce fetal radiation exposure
should be a priority, especially when repeated imaging is necessary.

Organ Dose - Thorax Scan (Fetus, 8 and 15 Weeks, 100kVp and 120kVp)

il

i

Figure 7: Fetus (8-15 Weeks) Phantom with Different k\Vp Organ Doses

Effective Dose Comparison for Different Conditions (Thorax Scan - Fetus)
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Figure 8: Fetus (8-15 Weeks) Phantom with Different kVp Effective Doses

DISCUSSION and CONCLUSION

This study used the NCICT dosimetric simulation tool, a Monte Carlo-based method, to estimate
organ doses in pregnant individuals and fetuses from CT scans accurately (8,11). NCICT is a
system that simulates radiation exposure to organs and calculates the effective dose during CT
examinations (5). This tool was optimized in this study to improve performance in assessing organ
doses for pregnant women and fetuses (4). The high-resolution simulation of radiation distribution
within the body allows for precise dose estimation, crucial for reducing fetal exposure (2,10).

Patient-specific data were used to measure radiation doses in both pregnant patients and fetuses
(5). Anthropomorphic models representing different stages of pregnancy (8 to 15 weeks) were
utilized (3). Each model reflected the anatomical changes that occur during pregnancy and was

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 99


99


Kara et al. Fetal Dose in CT Scans During Pregnancy

adapted for use with the NCICT system (6). These models were sourced from a comprehensive
NCICT database, ensuring the accuracy and applicability of simulation outcomes in real clinical
scenarios (8,11).

Organ dose calculations were performed using Monte Carlo simulations integrated into the NCICT
system (7). The Monte Carlo method simulates radiation interactions with patient tissues in detail,
enabling an accurate analysis of radiation deposition in specific organs (8). The simulations were
integrated with the Python-based backend of the NCICT system for efficient processing, allowing
scalability across multiple patient models and scan protocols (6,12).

For each CT examination (Table 1), patient-specific anatomical information and scan protocols
were used to calculate organ doses. Custom Python scripts were created to optimize these
calculations, ensuring the simulations were tailored to reflect individual patient characteristics,
such as body size, organ positioning, and gestational stage—key factors for accurate dose
estimation (3,13). The following steps were implemented:

1. CT Scan Parameters: A Python-based interface was developed to input CT scan parameters
(kVp, mAs, scan length, spiral mode, etc.) for each patient. These parameters were selected based
on clinical scan protocols typically used in pregnant patients undergoing diagnostic CT scans (6).
2. Selection of Patient Models: Anthropomorphic models for different gestational stages were used
to simulate the anatomy of pregnant patients and fetuses. The model was selected from the NCICT
database using a Python function, with each model tailored to accurately represent the anatomical
changes at each gestational age (8).

3. Monte Carlo Simulations: Photon simulations were performed based on absorption coefficients
assigned to each organ in the scanned region. Detailed calculations of energy transfer and radiation
deposition were made, focusing on radiosensitive areas like the uterus and fetal organs (4,16).

4. Calculation of Organ Doses: Absorption values for each organ were converted into doses
measured in milligrays (mGy). These doses were evaluated according to national and international
radiation safety standards, including recommendations from the International Commission on
Radiological Protection (ICRP) and the American Association of Physicists in Medicine (AAPM)
(9,17).

Radiation dose calculations were performed using Monte Carlo simulation techniques integrated
with the NCICT algorithm, following AAPM guidelines (9). The simulation results were validated
against clinical CT Dose Index (CTDI) measurements (4). Additionally, comparisons with
previously established dosimetric data in the literature further verified the accuracy of the
calculated doses. This method is one of the most reliable for clinical dose assessment and is
expected to guide future studies (8). Validation confirmed that simulated doses were within
acceptable margins of error, demonstrating that the Monte Carlo method provides a robust
framework for assessing fetal and maternal radiation exposure during CT scans (6). When CT
scans are necessary during pregnancy, fetal protection measures should be implemented in
addition to low-dose protocols. This recommendation may enhance the practical relevance of the
study. These results highlight the importance of implementing low-dose protocols in clinical
settings, which would strengthen the clinical impact of the study.

Future Applicability: This methodology can be applied in various clinical settings, allowing
healthcare professionals to estimate radiation exposure more accurately and adjust CT scan
protocols to minimize risk. As the NCICT system evolves, it could become a foundational tool for
real-time dose optimization in clinical environments (8,19).
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0z

Amag: Peripartum depresyon (PD) yaygin bir halk sagligi sorunudur. Zamaninda tan1 ve tedavi ¢ok dnemlidir ve saglik
hizmeti saglayicilariin dikkatli bir gekilde ilgilenmesini gerektirir. Bu ¢alisma, Edinburgh Dogum Sonrasi Depresyon
Olgegini (EPDS) kullanarak peripartum depresyon riskiyle iliskili demografik, klinik ve laboratuvar faktorlerini
belirlemeyi amaglamaktadir. Gere¢ ve Yontem: Universite hastanemizin kadin dogum servis ve ayakta tedavi
polikliniklerinden toplam iki yiiz yirmi dokuz gebe ve dogum sonrasi olgu, peripartum depresyon gelisme riskini ve
katkida bulunan faktorleri degerlendirmek i¢in ¢aligmaya alindi. Demografik ve klinik 6zellikler, belirlenen laboratuvar
degerleriyle (hemoglobin, tiroid hormonlari ve D vitamini diizeyleri) birlikte analiz edildi. Bulgular: iki yiiz yirmi dokuz
olgu arasinda (137 gebe, 92 dogum sonrast), %30,1'inin Edinburgh Dogum Sonras1 Depresyon Olgegi puanlari anormal
(13 ve iizeri) idi. Istatistiksel analiz, maternal obstetrik risk faktorlerinin, fetal ve neonatal saglik sorunlarinin ve diisiik
D vitamini diizeylerinin perinatal depresyon riskinin artmasiyla 6nemli dl¢lide iliskili oldugunu gdsterdi. Sonuglar:
EPDS, yogun kadim dogum servis ve polikliniklerinde peripartum depresyon riskini taramak igin pratik bir aragtir.
Obstetrik anne saglik sorunlari, fetal veya neonatal saglik sorunlar1 ve diisitk D vitamini seviyeleri daha yiikksek PD
riskine katkida bulunabilir. Bu risk faktorlerine sahip hamile veya lohusa kadinlar peripartum depresyonuna ilerlemesi
acisindan yakindan izlenmeli ve endike oldugunda bir psikiyatri uzmanina yonlendirilmelidir.

Anahtar Kelimeler: Perinatal depresyon, Dogum sonrasi, Gebelik, Depresyon, D vitamini

ABSTRACT

Objective: Peripartum depression (PD) is a common public health problem. Timely diagnosis and management are
crucial and require careful attention from healthcare providers. This study aims to identify demographic, clinical, and
laboratory factors associated with PD risk using the Edinburgh Postnatal Depression Scale (EPDS). Materials and
Methods: A total of two hundred and twenty-nine pregnant and postpartum subjects were recruited from our university
hospital’s inpatient and outpatient clinics to evaluate peripartum depression development risk and contributing factors.
Demographic and clinical characteristics, along with certain laboratory values (hemoglobin, thyroid hormones, and
vitamin D levels) were analyzed. Results: Among the 229 subjects (137 pregnant, 92 postpartum), 30.1% had abnormal
EPDS scores (>13). Statistical analysis showed that maternal obstetric risk factors, fetal and neonatal health issues, and
low vitamin D levels were significantly associated with an increased risk of perinatal depression. Conclusions: EPDS is
a practical tool for screening PD risk in busy obstetrics inpatient and outpatient settings. Obstetric maternal health issues,
fetal or neonatal health problems, and low vitamin D levels may contribute to a higher risk of PD. Pregnant or postpartum
women with these risk factors should be closely monitored for PD progression and referred to a psychiatric professional
when indicated.

Keywords: Perinatal depression, Postnatal, Pregnancy, Depression, Vitamin D
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INTRODUCTION

Perinatal or peripartum depression (PD), formerly known as postnatal depression, is a significant
healthcare concern. The prevalence of PD varies from 9% to almost 40%, depending on the region
sampled (1-3). Limited studies in Turkey have reported prevalence rates ranging from 14% to 41%
(4-8). As expected, demographic and economic factors as well as the population sampled
(antepartum /postpartum, inpatient/outpatient settings) contribute to these variations.

The latest edition of the DSM-5, published by the American Psychiatry Association, includes a
"peripartum onset" specifier for diagnosing peripartum depression, covering episodes that occur in
pregnancy and within four weeks after delivery (9). The World Health Organization (WHO), in the
“International Classification of Diseases — 10th Revision” (ICD-10), defines postpartum depression
as episodes occurring within six weeks of delivery (10). Nevertheless, studies suggest that the
prevalence of antepartum and postpartum onset is similar (11).

PD affects not only pregnant and postpartum patients but also the long-term health of their newborns,
as an increasing number of studies suggest lingering effects. These effects can be psychological
(e.g., anxiety, depression, and behavioral issues) as well as physical (e.g., an increased incidence of
asthma, diabetes, and intestinal problems) (12-14). Screening for PD can be conducted using one of
several available questionnaires. Edinburgh Postnatal Depression Scale (EPDS) is a practical tool
that can be used in busy clinical settings to screen not only postpartum but also antenatal patients
for PD risk (15,16). EPDS has been validated in Turkish (17). However, a definitive diagnosis of
PD can only be made through face-to-face psychiatric evaluations.

The exact cause of PD remains unknown, but several factors including genetics, hormonal and
nutrient imbalances, low socioeconomic status, pregnancy complications, and fetal or newborn
health problems have been linked to its development. A prior history of depression is widely
recognized as a major risk factor for PD (3,18).

The objective of this study was to assess the risk factors associated with the development of PD in
both pregnant and postpartum individuals. Therefore, we conducted this study at our university
hospital's outpatient and inpatient clinics to identify demographic, clinical, and laboratory factors
related to the development of PD.

MATERIAL and METHOD

This was a prospective observational study conducted at Aydin Adnan Menderes University
Hospital’s Obstetrics and Gynecology inpatient and outpatient clinics. The hospital is located in
Aydin Province in Turkey with a population of 260,000. Ethical approval from the Institution’s
Review Board has been obtained before the beginning of the study (Aydin Adnan Menderes
University Ethical Board for Non-Invasive Clinical Research, Decision Number 12, Protocol
Number 1024/152, and Date of 29/11/2024). The study was conducted by the principles of the
"Helsinki Declaration".

The inclusion criteria required participants to be either pregnant or within the puerperium period
(the first six weeks postpartum), have proficiency in speaking and understanding Turkish, and
provide consent to participate. The exclusion criteria included the following: lack of consent to
participate, a previous diagnosis of anxiety or psychiatric disorders, and inability to speak or
understand the Turkish language.

Both antepartum and postpartum subjects were approached in the obstetrics and gynecology
outpatient clinic. Several subjects were also recruited from inpatient labor and delivery services
during their hospital stay for labor or pregnancy issues such as preterm labor or diabetes
management. Subjects were asked a standard set of questions regarding their demographic and
clinical information. The information form consisted of 24 questions about their age, marital status,
gestational status, intended/unintended pregnancy, social support system, smoking status, systemic
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disease history, prenatal care status (including obstetric complications, and fetal anomalies), mode
of delivery, and the need for neonatal intensive care (NICU) after delivery. Adverse situations and
pregnancy complications were later classified under “maternal factors” such as gestational diabetes,
abruptio placenta, preterm premature membrane rupture, and oligo/polyhydramnios. Problems and
complications regarding the fetus were named under “fetal factors” such as fetal anomaly on
antenatal ultrasound, karyotype abnormality, and twin complications.

For PD risk assessment, the Edinburgh Postnatal Depression Scale (EPDS) was used. EPDS is a
self-administered questionnaire used to screen both antepartum and postpartum women for PD risk.
It consists of 10 multiple-choice questions regarding sleep, anxiety, sadness, and suicidal tendencies.
Each choice equals 0 - 3 points (minimum 0, maximum 30 points). The total score is calculated at
the end. The cut-off value for “high risk for depression status” is 13 points, although different cut-
off points have been used resulting in different sensitivity and specificity levels (19, 20). EPDS has
already been validated for use in Turkish (17).

Recent hemoglobin (Hgb), thyroid-stimulating hormone (TSH), and serum vitamin D levels were
obtained from health records within one month of EPDS questionnaire administration to assess
anemia, thyroid disease, and vitamin D deficiency, respectively.

Sample Size and Power

A sample size of at least 219 subjects was calculated to achieve 80% power with a 5% margin of
error and 95% confidence interval. Following data collection, EPDS scores were examined for
potential correlations with patient characteristics and clinical/laboratory data using NCSS 2020
software (NCSS LLC, Kaysville, Utah, USA). Descriptive statistics were presented, and data
conformity to normal distribution was analyzed using the Shapiro-Wilk test. Student’s t-test was
used for normally distributed variables, one-way ANOVA test was used for three-group differences.
The Mann-Whitney U and Kruskal-Wallis tests were used for variables that were not normally
distributed. The effects of independent variables were analyzed by using regression models.
Analyses were evaluated in 95% CI and p<0.05 level of significance.

RESULTS

A total of 229 subjects were recruited during the designated study period. Among these, 137 (59.8%)
were pregnant and 92 (40.2%) were postpartum subjects (Table 1). The pregnant group was divided
into early pregnancy (<28 weeks, n = 64) and late pregnancy (>28 weeks, n = 73) subgroups for
further analysis. Descriptive statistics for demographic and clinical data were given in Table 1, such
as gravida, parity, marital status, smoking, systemic disease, singleton/multifetal pregnancy,
presence of support system, intended/unintended pregnancy, maternal obstetric factors (gestational
diabetes, hypertension, etc.), presence of fetal factors (fetal anomalies, twin complications, etc.) and
neonatal intensive care (NICU) admissions for postpartum subjects. Mean EPDS scores and
laboratory values (hemoglobin, vitamin D, and TSH) were also provided in Table 1. No correlation
was identified between EPDS scores and hemoglobin levels.

The mean age of the participants was 29.5+5.9 years for the whole group and 28.9+5.9 years for the
pregnancy group. Mean age was slightly higher in the postpartum group than in the late pregnancy
group (30.6£5.7 vs 28.8+5.7, respectively, p = 0.04).

Subjects with fetal factors were more common in the postpartum group than in early (p = 0.03) and
late pregnancy groups (p = 0.04). Similarly, maternal factors were more common in the postpartum
group than pregnancy groups (p =0.02 for early and p = 0.05 for late pregnancy group). The
postpartum group had lower vitamin D levels than the late-pregnancy group (p = 0.05).
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Table 1: Demographic and Clinical Data of the Study Population

Peripartum depression

Pregnant Pregnant Pregnant Postpartum Total
total(n=137) <28 (n=64) >28 (n=73) (n=92) (n=229)
Age, years (mean+SD) 28.9(£5.9) 29.0(x6.1) 28.8(£5.7) 30.6 (£5.7) 29.5+5.9
Marital status, married, 135(98.5%) 63(98.4) 72(98.6) 91(98.9) 226(98.6)
n(%)
Smoking status, yes, 16(11.7) 9(14.1) 7(9.6) 12(13.0) 28(12.2)
n(%)
Systemic disease yes, 53(38.7) 22(34.4) 31(42.5) 33(35.9) 86(37.5)
n(%)
Pregnancy Related Variables
Previous Pregnancies
Nullipara, n (%) 71(51.8) 35(54.7) 26(35.6) 9(9.8) 80(34.9)
Previous CS, n (%) 43(31.4) 23(35.9) 21(28.8) 64(69.6) 107(46.7)
Previous VD, n (%) 24(17.5) 10(15.6) 14(19.2) 11(12.0) 35(15.3)
Previous CS and VD), 7(5.1) 2(3.1) 5 (6.8) 8 (8.7) 15 (6.6)
n(%)
Intended pregnancy, 103(75.2) 49(76.7) 54(74.0) 63(68.5) 166(72.5)
yes n(%)
Singleton, n(%) 128(93.4) 60(93.8) 68(93.2) 86(93.5) 214(93.4)
Multifetal, n(%) 9(6.6) 4(6.3) 5(6.9) 6(6.5) 15(6.6)
I\G/Irazzl)\(/)lda, IR/(Min- 3-7 (1-9) 3-7 (1-8) 3-7 (1-9) 3-7(1-9) 3-7(1-9)
Parity, IR/(Min-Max) 1-3(0-5) 1-3(0-5) 1-3(0-3) 1-3(0-5) 1-3(0-5)
Mg e IR 1.505) 1-3 (0-5) 13 (0-3) 1-3 (0-5) 1-3(0-9)
Fetal Factors*, yes 15 (6.9) 6 (9.4) 9(12.3) 19 (20.6) 34 (14.8)
n(%)
Maternal Factors** , 77 (57.7) 35 (54.7) 42 (57.5) 70 (76.1) 147 (64.2)
yes n(%)
Newborn NICU 35(38.1)
admission- yes, n (%)
Neonatal health 70 (76.1)
problem -yes ***n (%)
Postnatal social 88 (95.7)
support system, yes, n
(%)
EPDS scores and Laboratory variables Total
EPDS score, Average 7.0(0-19.0) 7.6(0-19.0) 6.9(0-17.0) 8.0(0-22) 7.6(0-22)
(Min-Max)
Vitamin D level, 16.5(4.9- 17(5-37) 15.9(4.9-54) 15.8(2.7-43) 16.3(2.7-
ng/ml) Average, (Min- 54.0) 54)
Max)
Hgb level, (g/dI) 11.1(8.0- 11.3 (8.0- 10.9(8-17.1) 10.1(7.5- 10.9(7.5-
Average, (Min-Max) 17.1) 14.2) 14.2) 17.1)
TFT- hypothyroidism, 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

Yes n(%)

EPDS: Edinburgh Postnatal Depression Scale, CS: Cesarean section, VD: Vaginal delivery, SD: Standard deviation
NICU: Neonatal Intensive Care Unit, TFT: Thyroid function tests, Hgb: hemoglobin, IR: Interquartile range, 25-75%.
*Fetal Factors: intrauterine growth retardation (IUGR): 4 cases. Congenital pulmonary adenoid malformation: 1 case.
IUGR and delX chromosome: 1 case, trisomy 21: 1 case, monochorionicity: 1 case. **Maternal Factors: GDMAL:
Gestational diabetes A1, GDMAZ2: Gestational diabetes A2. IUGR, oligohydramnios, abruptio placenta, intrahepatic
cholestasis, hydronephrosis, co-twin in-utero ex, preterm membrane rupture.***Neonatal health problems: neonatal
tachypnea: 2 cases, hypoglycemia: 3 cases, jaundice: 1 case, prematurity: 14 cases, microcephaly and duodenal atresia:
1 case, tricuspid regurgitation and ventricular septal defect: 1 case, hypoglycemia and respiratory distress syndrome
(RDS): 1 case, hydrocephalus: 1 case, ventricular septal defect: 1 case, prematurity and RDS: 1 case.
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EPDS Scores (above vs under the cut-off value)

In the whole study population (229 subjects), 30.1% of patients had abnormal (at or above the cut-off value of 13)
EPDS scores (Table 2). Subjects with abnormal EPDS scores had a lower mean gestational age (27.7 weeks vs 25.9
weeks, p = 0.02), but a higher percentage of fetal and maternal factors (p = 0.03 and p = 0.02) (Table 3). Also, vitamin
D levels were found to be significantly lower in the abnormal EPDS score group (15.9+7.7 ng/ml, p = 0.02). There
were no other statistically significant differences between normal and abnormal EPDS score groups (Table 3).

Table 2: EPDS Scores and Study Population

Category Pregnant <28w Pregnant >28w Postpartum Total
(n=63) (n=73) (n=93) (n=229)

EPDS Score 1-12, n 43 (68.3) 54 (74.0) 63 (67.7) 160 (69.9)

(%)

EPDS Score >13, 20 (31.7) 19 (26.0) 30 (32.3) 69 (30.1)

n (%)

EPDS: Edinburgh Postnatal Depression Scale, w: weeks

Table 3: Comparison of Demographic/Clinic and Laboratory Characteristics by EPDS Cut-Off Value

Category EPDS Score 0-12 (n=160) EPDS Score >13 (n=69) p value
Age, years, mean (£SD) 28.8+5.7 29.0£5.7 1.56
Marital status — married (%) 150(%) 51(%) 197
Smoker — Yes, n(%) 34(19.2) 12(23.1) 0.12
Gestational weeks, mean(£SD) 27.948.6 24.8+7.1 0.02
Intended pregnancy, Yes, n(%) 103(75.2) 63(68.5) 0.06
Singleton, yes n(%) 172(97) 49(93.5) 0.09
Fetal Factors, Yes, n(%) 22(13.0) 13(26.9) 0.03
Maternal Factors, Yes, n(%) 108(61.0) 40(76.9) 0.02
Laboratory findings

Vitamin D level (ng/ml) 17.0£7.6 15.9£7.7 0.02
Hgb level (g/dl) 10.4+1.8 10.4+1.5 1.83

Student’s t-test, Chi-square test. EPDS: Edinburgh Postnatal Depression Scale, SD: standard deviation,
Hgb:Hemoglobin

Subgroups and EPDS Scores

In subgroup analysis, the abnormal EPDS score frequency was 31.7% in the early pregnancy group, 26% in the late
pregnancy group, and 32.3% in the postpartum group (Table 2). Demographic variables were not different among
groups based on normal and abnormal EPDS scores. EPDS scores were significantly higher in the postpartum group
compared to the late-pregnancy group (p = 0.05). Also, vitamin D levels were significantly lower in the postpartum
group than in the early pregnancy group (p = 0.05).
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Table 4: Subgroup Demographic and Clinical Data Comparison

Parameter Pregnancy <28w — Postpartum — Postpartum — Postpartum —
Pregnancy >28w Pregnancy <28w Pregnancy >28w Pregnancy

Demographic and clinical characteristics

Age p =0.05 p=0.14 p=0.04 p =0.03
Marital status, p=0.15 p=0.24 p=0.17 p=0.23
married
Smoker, yes p=0.13 p=0.10 p=0.02 p=0.14
Systemic p=0.25 p=0.18 p=0.30 p=0.10
Disease

Obstetric characteristics

Nulliparity p=192 p=0.17 p=112 p=131
Previous CS p=1.36 p=141 p=1.37 p=1.23
Previous VD p=0.67 p=132 p=0.54 p=1.09
Previous CS and p=131 p=1.85 p=137 p=1.52
Xlzznded p=0.14 p=0.09 p=0.08 p=0.09
pregnancy

Singleton p=0.18 p=0.09 p =0.07 p =0.09
Gravida p=0.12 p=0.09 p=0.08 p=0.12
Parity p =0.06 p=0.17 p=0.11 p =0.07
Alive children p=0.17 p=0.12 p=0.13 p=0.12

EPDS Score and Laboratory Variables

EPDS Score p=0.13 p=0.21 p =0.05 p=0.22
Vitamin D level p=0.44 p =0.05 p=0.09 p=0.18
Hemoglobin p=0.25 p=0.18 p =0.08 p=0.07
level

T-Test (Parametric), Mann-Whitney U Test (Non-parametric, two groups), Chi-square Test (categoric), Fisher’s Exact
Test, statistical significance level p<0.05. EPDS: Edinburgh Postnatal Depression Scale, CS: cesarean section, VD:
vaginal delivery

Regression Analyses EPDS Scores (No Cut-off VValue)

Association between EPDS scores and independent variables evaluated for their effect by
multivariate regression analysis. Maternal and fetal factors were significantly related to EPDS scores
(p= 2.40, p<0.00 and B= 3.5, p<0.00 respectively). Also, smoking and low vitamin D levels were
significantly associated with higher EPDS scores (f= 0.92, p = 0.05 and p= -0.08, p = 0.05,
respectively) (Supplementary Table 1).

Regression Analyses of EPDS Scores (by Cut-off Value)

When abnormal EPDS scores (above cut-off value) and other variables were investigated, a binary
logistic regression analysis revealed that fetal factors (OR = 0.85, p = 0.04), maternal factors (OR =
2.40, p = 0.05), higher gravida (OR = 1.31, p = 0.03) and low vitamin D level (OR=0.98, p=0.05)
were significantly associated with abnormal EPDS scores (Supplementary Table 2).
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Correlation Analyses

EPDS scores and other variables were compared by using Pearson/Spearman correlation analysis.
Fetal factor history had a strong positive correlation and vitamin D levels had a strong negative
correlation with EPDS scores (without cut-off value) (r=0.65, p<0.001 and r=-0.61, p<0.001). Other
variables with weak or no correlation to EPDS scores were also provided (Supplementary Table 3).

DISCUSSION

Peripartum Depression (PD) represents a critical healthcare issue impacting women of reproductive
age as well as their newborns. The substantial physiological changes and hormonal fluctuations that
occur during pregnancy and the puerperium phase elevate the risk of depression. Undiagnosed PD
can lead to unfavorable outcomes. Women with PD are at risk for major depression, suicide, and
harming their baby (21). Antenatal onset of depression may also have negative effects on fetal neural
development (22).

Several risk factors for PD development have been proposed aside from hormonal changes. A prior
depression diagnosis in the past is considered a major risk factor. Additional risk factors include
young or advanced maternal age, low socioeconomic status, unintended pregnancy, multiparity,
pregnancy complications, anemia, vitamin D deficiency, and maternal distress related to obstetric or
newborn health issues (12, 23-25).

EPDS is widely used to screen both pregnant and postpartum women at risk for developing PD (15).
Nevertheless, there are other alternatives such as Beck Depression Inventory, Patient Health
Questionnaire 9, and Zung Self-Rating Depression Scale. All these screening approaches have
sensitivity and specificity levels ranging between 50-100% (19,20,23). Increasing a test’s sensitivity
by asking more questions is possible but limiting the number of questions makes it practical for use
in busy healthcare settings. EPDS is useful both in the antepartum and postnatal period for PD
screening (16). However, it must be emphasized that the EPDS is used for screening purposes, not
for final PD diagnosis. High scores should lead to a referral for psychiatric evaluation of the patient.
In this study, we aimed to include both postpartum and pregnant subjects because PD symptoms can
also be observed during pregnancy, and early intervention is important. The mean age of the
pregnancy group was 28.9+5.9 years. No significant association was identified between abnormal
EPDS scores and the mean age variable, despite some studies indicating that both younger and older
ages could be associated with an increased risk of PD (26,27).

Some observations suggest that being married may reduce the risk of PD (28); however, in our study,
98.5% of participants were married, making it difficult to assess the relationship between depression
risk and marital status.

In this study, a higher gravida number was identified as being associated with abnormal EPDS scores
through logistic regression analysis (OR=1.31, p = 0.03, data not shown). Several pieces of evidence
in the literature support the association between higher gravida numbers and an increased risk of
postpartum depression (29).

Smoking during pregnancy is also suggested as a possible risk factor for PD (30). Our results
revealed a weak positive correlation between smoking status and linear EPDS scores (r=0.19, p =
0.05, Supplementary Table 3). Systemic (chronic) disease history was not associated with increased
PD risk in our study. However, previous research suggested an elevated PD risk in women with a
history of systemic disease (31). It is possible that other factors may influence this potential risk
factor. We could not interpret the variable thyroid hormone levels for PD risk due to an insufficient
number of subjects with abnormal levels. Unintended pregnancies were pointed out as an additional
stress factor for PD development (32). Our results showed no relationship between the
intended/unintended pregnancy variable and abnormal EPDS scores. Likewise, no associations were
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observed between multifetal pregnancy, singleton pregnancy, parity number, previous mode of
delivery, hemoglobin levels, and abnormal EPDS scores.

Approximately thirty percent (30.1%) of the whole study population had abnormal EPDS scores. It
was 28.6% in the pregnancy group and 32.3% in the postpartum group (Table 2). The observed
frequencies align with previous findings, indicating that PD is not uncommon during the antenatal
period. Therefore, it is essential that screening for postpartum depression (PD) is not limited solely
to postpartum patients.

Maternal and fetal factors were significantly higher in the abnormal EPDS score group (Table 1). It
can be inferred that fetal and maternal factors can be a source of significant distress. These may
include any diagnoses or findings related to pregnancy, such as gestational diabetes, preterm labor,
placental issues, amniotic fluid volume abnormalities, complications specific to twin pregnancies,
fetal growth restriction, and fetal anomalies. Many studies in the literature have reported maternal
and/or fetal issues that elevate the risk of PD (33). Hence, patients with maternal obstetric problems
and/or fetal issues may warrant screening for PD.

In this study, serum vitamin D levels were significantly lower in the group with abnormal EPDS
scores. A strong negative correlation was observed between serum vitamin D levels and EPDS
scores (r=-0.61, p<0.001, Supplementary Table 3). Vitamin D is a molecule with immunomodulator
and anti-inflammatory properties. Recent studies indicate that low vitamin D levels during
pregnancy and postnatal periods may be linked to PD, though the exact mechanism remains
unknown (34). However, whether vitamin D supplementation would improve the EPDS scores is
not clear (35). Although controversial, vitamin D level measurement during pregnancy and
supplementing the subjects with low levels may be warranted.

Limitations

The study's limitations included omitting socioeconomic statuses, a low number of postpartum
subjects, and heterogeneity of the groups in terms of inpatient/outpatient recruitment. The strengths
of this study included power size calculation, a relatively low migrant population in the area
(homogeneous population), and coverage of both prenatal and postnatal subjects while investigating
vitamin D levels. Future research should explore whether interventions such as vitamin D
supplementation or targeted support for women facing obstetric complications can
effectively reduce PD risk.

CONCLUSION

Our study found that higher gravida numbers, the presence of maternal and fetal factors, and low
serum vitamin D levels were significantly associated with elevated EPDS scores. Although other
factors such as systemic disease history and thyroid hormone levels were examined, only the
aforementioned variables demonstrated statistically significant correlations with PD risk.

This prospective observational study indicates that low vitamin D levels, the presence of obstetric
or fetal health issues, and high parity are significantly associated with an increased risk of
peripartum depression, as reflected by elevated EPDS scores. These findings underscore the
importance of implementing routine PD screening for both pregnant and postpartum women,
particularly among those with identified risk factors.

Ethical Approval: Ethical approval from the Institution’s Review Board has been obtained prior to the beginning of
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participants or legal guardians included in the study.

Conflict of Interest Statement: The authors have no conflicts of interest to declare.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 109


109


Zafer et al. Peripartum depression

Authors Contributions: EZ: Conceptualization, data curation, formal analysis, project administration, investigation,
methodology, validation, writing-original draft.

TYO: Formal analysis, investigation, methodology, resources, supervision, validation, writing-review & editing.
SKE: Investigation, validation, Formal analysis, investigation, editing.

NAS: Supervision, writing-review & editing.

Funding: This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors.

REFERENCES

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

MW, Wisner KL. Perinatal mental illness: definition, description, and etiology. Best Pract Res Clin Obstet
Gynaecol. 2014 Jan;28(1):3-12.

Liu X, Wang S, Wang G. Prevalence and Risk Factors of Postpartum Depression in Women: A Systematic
Review and Meta-analysis. J Clin Nurs. 2022;31(19-20):2665.

Vesga-Lopez O, Blanco C, Keyes K, Olfson M, Grant BF, Hasin DS. Psychiatric disorders in pregnant and
postpartum women in the United States. Arch Gen Psychiatry. 2008;65(7):805.

Yurdakul FE, Karatas Eray 1. The Relationship Between Mode of Delivery and Postpartum Depressive Symptoms
in Women. Tiirk Aile Hek Derg 2024;28(2):55-62 doi:10.54308/tahd.2024.47965

Durukan E, iThan M, Bumin MA, Aycan S. 2 Hafta-18 Aylik Bebegi Olan Annelerde Postpartum Depresyon
Siklig1 ve Yagam Kalitesi. Balkan Medical Journal. 2011;28:385-93. 5.

Inandi T, Bugdayci R, Dundar P, Sumer H, Sasmaz T. Risk factors for depression in the first postnatal year: a
Turkish study. Soc Psychiatry Psychiatry Epidemiol. 2005;40(9):725-30. 6.

Danaci AE, Ding G, Deveci A, Sen FS, I¢gelli I. Postnatal depression in Turkey: epidemiological and cultural
aspects. Soc Psychiatry Psychiatr Epidemiol. 2002;37(3):125-9.

Tahaoglu AE, Togrul C, Kiilahgioglu Mi. Diyarbakir’da postpartum depresyonu etkileyen faktérler. Perinatoloji
Dergisi. 2015;23(1):26-9

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5),
American Psychiatric Association, Arlington, VA 2013.

World Health Organization. International Classification of Diseases (ICD) [Internet]. ICD-10 online version:
2016. [Accessed on 2025 Mar 7]. Accessed to: http://www.who.int/classifications/icd/en/

Fisher SD, Wisner KL, Clark CT, Sit DK, Luther JF, Wisniewski S. Factors associated with onset timing,
symptoms, and severity of depression identified in the postpartum period. J Affect Disord. 2016;203:111.
O'Hara MW, McCabe JE. Postpartum depression: current status and future directions. Annu Rev Clin Psychol.
2013;9:379-407.

Stein A, Pearson RM, Goodman SH, Rapa E, Rahman A, McCallum M, et al. Effects of perinatal mental disorders
on the fetus and child. Lancet. 2014;384(9956):1800.

Raposa E, Hammen C, Brennan P, Najman J. The long-term effects of maternal depression: early childhood
physical health as a pathway to offspring depression. J Adolesc Health. 2014 Jan;54(1):88-93.

Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 10-item Edinburgh
Postnatal Depression Scale. Br J Psychiatry. 1987;150:782.

Rubertsson C, Borjesson K, Berglund A, Josefsson A, Sydsjo G. The Swedish validation of Edinburgh Postnatal
Depression Scale (EPDS) during pregnancy. Nord J Psychiatry. 2011 Dec;65(6):414-8.

Aydin N, Inandi T, Yigit A, Sahin Hodoglugil NN. Validation of the Turkish version of the Edinburgh Postnatal
Depression Scale among women within their first postpartum year. 2004 Jun;39(6):483-6. Soc Psychiatry
Psychiatr Epidemiol. doi: 10.1007/s00127-004-0770-4.

Dietz PM, Williams SB, Callaghan WM, Bachman DJ, Whitlock EP, Hornbrook MC. Clinically identified
maternal depression before, during, and after pregnancies ending in live births. Am J Psychiatry. 2007
Oct;164(10):1515-20.

Wisner KL, Sit DKY, McShea MC, Rizzo DM, Zoretich RA, Hughes CL, et al. Onset timing, thoughts of self-
harm, and diagnoses in postpartum women with screen-positive depression findings. JAMA Psychiatry.
2013;70(5):490.

Levis B, Negeri Z, Sun Y, Depression Screening Data (DEPRESSD) EPDS Group. Accuracy of the Edinburgh
Postnatal Depression Scale (EPDS) for screening to detect major depression among pregnant and postpartum
women: systematic review and meta-analysis of individual participant data. BMJ. 2020;371:m4022.

Cantwell R, Clutton-Brock T, Cooper G, Dawson A, Drife J, Garrod D, et al. Saving Mothers' Lives: Reviewing
maternal deaths to make motherhood safer: 2006-2008. The Eighth Report of the Confidential Enquiries into
Maternal Deaths in the United Kingdom. BJOG. 2011 Mar:118 Suppl 1:1-203. doi: 10.1111/j.1471-
0528.2010.02847 .x.

Cattarinussi G, Aarabi MH, Sanjari Moghaddam H, Homayoun M, Ashrafi M, Soltanian-Zadeh H, et al. Effect of
parental depressive symptoms on offspring's brain structure and function: A systematic review of neuroimaging
studies. Neurosci Biobehav Rev. 2021;131:451.

ACOG Committee Opinion No. 757: Screening for Perinatal Depression. Obstetrics & Gynecology 132(5):p
€208-e212, November 2018. | DOI: 10.1097/A0G.0000000000002927

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 110


110


Zafer et al. Peripartum depression

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Robinson M, Whitehouse AJ, Newnham J, Gorman S, Jacoby P, Holt BJ, et al. Low maternal serum vitamin D
during pregnancy and the risk for postpartum depression symptoms. Archives of Women's Mental Health.
2014;17:213-9.

Kinik E, Ozcan H. Comparison of Health Practices and Depression in Planned and Unplanned Pregnancies.
Ankara Saglik Bilimleri Dergisi. 2024;13(2):94-102.

Goodman JH. Postpartum depression beyond the early postpartum period. Journal of Obstetric, Gynecologic, &
Neonatal Nursing. 2004;33(4):410-20.

Tang X, Lu Z, Hu D, Zhong X. Influencing factors for prenatal stress, anxiety and depression in early pregnancy
among women in Chongging, China. Journal of Affective Disorders. 2019;253:292-302.

Elsenbruch S, Benson S, Riicke M, Rose M, Dudenhausen J, Pincus-Knackstedt MK et al. Social support during
pregnancy: effects on maternal depressive symptoms, smoking, and pregnancy outcome. Human reproduction.
2007;22(3):869-77.

Nwafor CE, Ojiako A, Ugwu PC. Impact of Gravida and Level of Psycho-Education on Antenatal Anxiety. Social
Science Research. 2024;10(3).

Smedberg J, Lupattelli A, Mardby A-C, Overland S, Nordeng H. The relationship between maternal depression
and smoking cessation during pregnancy—a cross-sectional study of pregnant women from 15 European
countries. Archives of Women's Mental Health. 2015;18:73-84.

Sundstrom Poromaa I, Comasco E, Georgakis MK, Skalkidou A. Sex differences in depression during pregnancy
and the postpartum period. Journal of neuroscience research. 2017;95(1-2):719-30.

Becker M, Weinberger T, Chandy A, Schmukler S. Depression during pregnancy and postpartum. Current
psychiatry reports. 2016;18:1-9.

Bansil P, Kuklina EV, Meikle SF, Posner SF, Kourtis AP, Ellington SR, et al. Maternal and fetal outcomes among
women with depression. Journal of Women's Health. 2010;19(2):329-34.

Huang JY, Arnold D, Qiu CF, Miller RS, Williams MA, Enquobahrie DA, et al. Association of serum vitamin D
with symptoms of depression and anxiety in early pregnancy. Journal of women's health. 2014;23(7):588-95.
Vaziri F, Nasiri S, Tavana Z, Dabbaghmanesh MH, Sharif F, Jafari P, et al. A randomized controlled trial of
vitamin D supplementation on perinatal depression: in Iranian pregnant mothers. BMC pregnancy and childbirth.
2016;16:1-12.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 111


111


Alinig / Received: 20.03.2024 Kabul / Accepted: 26.07.2024 Online Yaymlanma / Published Online: 25.04.2025
Aragtirma Makalesi / Research Article DOI: 10.22312/sdusbed.1455975

Siileyman Demirel Universitesi Saghk Bilimleri Dergisi

Suleyman Demirel University Journal of Health Sciences

Depression, Anxiety, Stress, and Associated Factors among Pharmacy Students Following the
COVID-19 Pandemic

Canan GULCAN**® | Nurgiil KARAOZAN'®
Eastern Mediterranean University, Faculty of Pharmacy, Famagusta, TRNC, Mersin, Tiirkiye

*Corresponding author: canan.gulcan@emu.edu.tr

ABSTRACT

COVID-19, which initially originated in the city of Wuhan, China at the end of 2019, caused millions of cases and
deaths worldwide. Considering the conditions that arose during the pandemic, the psychological well-being of the
students was affected by many factors related to COVID-19. This study has aimed to investigate the prevalence of
depression, anxiety, and stress related to the COVID-19 and possible factors affecting depression, anxiety, and stress
among pharmacy students. The mental health status of participants was examined using the Depression, Anxiety, and
Stress Scale (DASS-21). Association analysis using non-parametric tests was performed for categorical, ordered, and
dichotomous predictors. Logistic regression analysis was applied to investigate the effects of explanatory variables on
the mental health of the students. Based on the findings, the prevalence of severe/extremely severe depression, anxiety,
and stress were found to be 16.6%, 28.2%, and 12.0%, respectively. We also found significant effects of investigated
factors, e.g., having a psychiatric disease, relationship with the family or friends, having anyone in the family who lost
his/her job during the pandemic, having a need for psychiatric support, having anyone in the family diagnosed with
COVID-19, on the depression, anxiety, and stress levels of the students. Our findings showed that the factors related to
COVID-19 might have led to an increase in depression, anxiety, and stress levels among the students. These parameters
must be taken into consideration both for the protection of students' psychological well-being and for the guidance of
their education and training activities.

Keywords: COVID-19, Mental health, Pharmacy students, Logit regression model

0z

Ik olarak 2019 yili sonunda Cin'in Wuhan sehrinde ortaya ¢ikan COVID-19, diinya ¢apinda milyonlarca vakaya ve
6liime neden oldu. Pandemi siirecinde ortaya g¢ikan kosullar géz 6niine alindiginda &grencilerin psikolojik iyilik
hallerinin Covid-19 ile ilgili birgok faktérden etkilendigi goriilmistiir. Bu ¢alisma, eczacilik 6grencileri arasinda
COVID-19’a baglh depresyon, anksiyete ve stresin yayginligini ve depresyon, anksiyete ve stresi etkileyen olasi
faktorleri arastirmay1 amaglamistir. Katilimeilarin ruh saghgi durumlart Depresyon, Kaygi ve Stres Olgegi (DASS-21)
kullanilarak incelendi. Kategorik, sirali ve ikili degiskenler arasindaki anlamlilik iliskisi parametrik olmayan testler
kullanilarak analiz edismistir. A¢iklayic1 degiskenlerin grencilerin ruh saglig: iizerindeki etkilerini arastirmak amaciyla
lojistik regresyon analizi uygulanmistir. Bulgulara gore siddetli/agirt siddetli depresyon, anksiyete ve stres yayginliklari
strastyla %16,6, %28,2 ve %12,0 olarak bulunmustur. Psikiyatrik bir hastalifin olmasi, aile veya arkadaglarla iligki,
ailede pandemi sirasinda isini kaybeden birinin olmasi, psikiyatrik destege ihtiya¢ duyulmasi, ailede herhangi birinin
salgm sirasinda isini kaybetmesi gibi faktorler ile anlamli iligki bulunmustur. Bulgularimiz, COVID-19 ile ilgili
faktorlerin 6grencilerde depresyon, kaygi ve stres diizeylerinde artisa yol agmis olabilecegini gostermistir. Hem
Ogrencilerin psikolojik iyiliklerinin korunmasi hem de egitim-6gretim faaliyetlerinin yonlendirilmesi agisindan bu
parametrelerin dikkate alinmasi gerekmektedir

Anahtar Kelimeler: COVID-19, Ruh saghgi, Eczaciltk 6grencileri, Logit regresyon modeli
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INTRODUCTION

By the end of 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which had its
origins in Wuhan, China had spread over the world and resulted in millions of cases and deaths.
People have witnessed substantial changes in many fields, including health, socio-economic,
education, and social life, as a result of the global pandemic caused by the COVID-19 virus (1).
Besides, given the conditions that arose during the pandemic, many factors related to COVID-19
had an impact on psychological well-being globally (2). College students were more susceptible to
mental health problems due to pandemic-related stressors and constraints, which could have an
adverse effect on their educational performance and social relationships (3).

Unexpected changes in conditions have a negative effect on human psychology, which is an
unavoidable reality (4). According to the World Health Organization, the COVID-19 pandemic
increased the prevalence of anxiety and depression by 25% worldwide, with more women and young
people experiencing these conditions (5). It is well known that changes to daily routines, anxiety
about COVID-19 infection, lockdowns, online learning, and social distancing caused by the
pandemic had an impact on university students' mental health (6). Several studies have examined
the effect of pandemic on college students' mental health and the drivers of greater levels of
depression, anxiety, and stress (7-9). For example, a study conducted in Spain, one of the countries
hardest hit by the outbreak, discovered that 44.7% of university students had severe anxiety and
31.6% had moderate anxiety (10). Alateq et al., (2020) concluded that 30.2% of students in Saudi
Arabia were experiencing significant levels of stress due to the outbreak (11). Another study on
college students was conducted by the Higher Education Policy Institute in UK. Accordingly, it has
been reported that the rate of worsening mental health after the pandemic among students was 58%
(12). Similarly, in a study on university students in France, the rate of students experiencing high
levels of anxiety was found to be 16.1% (13), while this rate was found to be 27.7% in Germany
(14) and 35% in Poland (15). In line with previous studies conducted in different countries, it was
also found that 71.9% of college students reported having significant levels of anxiety due to the
COVID-19 pandemic in Tiirkiye (16). It is noteworthy to add that educating health care students
about pandemics in universities can benefit both the students and society as a whole (17).

In many studies, a variety of factors that affected university students' mental health related to the
COVID-19 pandemic conditions were examined. These factors include gender, financial loss,
inadequate housing, past history of psychiatric follow-up, COVID-19-compatible symptoms, lack
of social support, poor social interaction, poor information quality received (18,19), self-emotion
evaluation, family relations, reporting worry about COVID-19 caused by the news on social media
(20), changes in daily routines, eating habits, and sleeping problems due to the pandemic (21).

There are 23 universities located within the borders of the Turkish Republic of Northern Cyprus ,
with the Eastern Mediterranean University being the biggest and oldest of all of them. Following
the determination of the first case of COVID-19 in Northern Cyprus on March 10, 2020, education
was moved online. This unexpected rapid change in education and social life may have resulted in
anxiety and depression among students. As per the researchers’ knowledge, there are no studies on
this field with pharmacy students in Northern Cyprus. In line with previous studies on the mental
health of university students following the COVID-19 pandemic, we examined the effects of
possible risk factors on depression, anxiety, and stress levels of students. Considering the mental
state of university students in the post-pandemic period, it is significant to reach a conclusion that
will aid and guide the education and training activities for the students. The present study aimed to
investigate the effects of possible factors such as age, gender, the origin of the region, Body Mass
Index (BMI), tobacco use, having chronic or psychiatric diseases, relationships with family or
friends, anyone diagnosed with COVID-19 in the family, etc., affecting depression, anxiety, and
stress levels of pharmacy students at Eastern Mediterranean University.
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MATERIAL and METHOD

Sample Population and Questionnaire

A total of 301 pharmacy students who were aged above 18 were included in the study. To achieve
the study's aims, a questionnaire was used to conduct a cross-sectional study. Pharmacy students
were given a questionnaire with three sections-about their demographics, potential risk factors, and
the DAS-21 scale-as part of the research collecting data process. Since English is the primary
language for education at the university, the investigators employed an English version of the
questionnaire. The survey, which was employed between April and June, 2022, included questions
about demographic data (including age, gender, weight, height, the origin of the region, type of
pharmacy education, and the semester the students were in), the possible risk factors for depression,
anxiety, and stress following the COVID-19 pandemic and the mental health status (i.e., depression,
anxiety, and stress) of the participants. Based on the previous studies that examined the factors
affecting depression, anxiety, and stress, we included tobacco use, BMI, physical activity, chronic
or psychiatric diseases, diagnosis with COVID-19, the severity of the disease, anyone diagnosis with
COVID-19 in their family, relationships with family members or friends as the possible risk factors
(22-27). Using information from self-reports, we calculated BMI (kg/m2). The mental health status
of participants was examined using the Depression, Anxiety, and Stress Scale (DASS-21), which
measures three domains (i.e., depression, stress, and anxiety) (21). Each subscale of DASS-21
includes 7 items. Scores for depression, anxiety, and stress subscales of DASS 21 are determined by
summing the scores of each item and multiplying the total scores by 2.

Statistical Analysis

Data analysis was employed using the SPSS Statistic 21.0 (IBM SPSS, New York, NY, USA).
Frequency and percentage values were used to describe explanatory and outcome variables.
Association analysis between groups (e.g., age-depression, tobacco use-anxiety, chronic disease-
depression) using non-parametric tests, i.e., Kruskal Wallis, Wilcoxon, and Spearman Correlation
tests, were performed for categorical, ordered, or dichotomous variables. When there are several
explanatory variables, the odds ratio can be obtained using logistic regression (28). Therefore,
Logistic regression analysis was applied to investigate the effects of explanatory variables on the
mental health of the students. For the analysis, cut-off categories for severity labels of the depression,
anxiety, and stress subscales were classified as follows: 1) normal/mild 2) moderate and 3)
severe/extremely severe (29). The significance level for this study was set to 10%, however different
significance levels were presented under the tables related to the results.

This study was approved by the Research and Publication Ethics Board of the Eastern Mediterranean
University (ETK00-2022-0105). Each participant provided their consent in the study and was fully
informed that they might leave the survey at any time without providing a reason.

RESULTS

Descriptive Statistics

A total of 301 respondents who were aged above 18 participated in the survey. Table 1 presents the
descriptive statistics of the characteristics of the sample population. The mean age was 22.55+2.57.
The majority of the participants were female (66.4%), from the Middle East region (81.1%), and
studying in Pharm B (56.1%). The mean semester the students were in was 6.23+2.57. Descriptive
statistics of sample characteristics and risk factors of depression, anxiety, and stress following the
COVID-19 pandemic are shown in Table 1 and Table 2, respectively.

Accordingly, the majority of the students identified as non-tobacco users (73.1%), had healthy weight
(60.5%), and had no chronic (96.0%) or psychological diseases (96.3%). More than half of those
surveyed (59.5%) stated that they think COVID-19 is not a scary disease. 60.1% reported that they
were not diagnosed with COVID-19, and 20.9% stated that they experienced COVID-19 with mild
symptoms. The rate of students whose families were diagnosed with COVID-19 was 68.4%. The
mean physical activity duration of the students during the pandemic was reported as 47.58 minutes.
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Table 1: Descriptive Statistics of Sample Characteristics

N Mean  Std.dev. %
Sample Characteristics
Age 300 2255 2571
Gender 301
Female 200 .34 473 66.4
Male 101 33.6
Origin of Region 301
Middle East 244 19 406 81.1
Africa 51 16.9
South Asia 2 T
Type of pharmacy 301
Pharm B 169 44 497 56.1
Pharm D 132 43.9
What semester are you in? 300 6.23 2.573

Table 2: Descriptive Statistics of Factors Affecting Depression, Anxiety and Stress

Possible affecting factors N Mean Std.dev. %
Tobacco use 301
Yes 81 .73 444 26.9
No 220 73.1
BMI
Underweight 32 60.5
Healthy 182 71 1.023 10.6
Overweight 52 17.3
Obese 23 7.6
Physical Activity 300 47.58 38.84
Do you have any chronic diseases? 301
Yes 12 .96 .196 4.0
No 289 96.0
Do you have a psychiatric disease? 301
Yes 11 .96 .188 3.7
No 290 96.3
Do you think that covid-19 is a very scary disease? 301
Yes 122 .59 492 40.5
No 179 59.5
Have you been diagnosed with COVID-19? 301
Yes 120 .60 490 39.9
No 181 60.1
What was the severity of your disease? 301
Hospitalized 4 13
Severe 23 1.28 1.584 7.6
Mild 63 20.9
Asymptomatic 36 12.0
Have you had anyone diagnosed with COVID-19 in your 301
family?
Yes 206 .32 466 68.4
No 95 31.6
Do you have any family members who died due to COVID- 301
19?
Yes 45 .85 .357 15.0
No 256 85.0
How was your relationship with your family during the 300
COVID-19 pandemic?
Very bad 3 1.0
Somewhat bad 37 12.3
Same 141 2.51 1.036 46.8
Somewhat good 42 14.0
Very good 77 25.6
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Table 2: Descriptive Statistics of Factors Affecting Depression, Anxiety And Stress (Cont.)

Possible affecting factors N Mean Std.dev. %

How was your relationship with your friends during the 300

COVID-19 pandemic?
Very bad 18 6.0
Somewhat bad 64 2.16 1.134 21.3
Same 124 41.2
Somewhat good 40 13.3
Very good 54 17.9

Have you had anyone in your family who lost his/her job 301

during COVID-19 pandemic?
Yes 52 .83 379 17.3
No 249 82.7

Do you think that you need psychiatric support due to 301
COVID-19 pandemic?

Yes 57 .81 .392 18.9
No 244 81.1
DASS-21 Scales
Depression 300 61.8
Normal/Mild 186 21.3
Moderate 64 .55 764 16.6
Severe/Extremely severe 50
Anxiety 301
Normal/Mild 148 49.2
Moderate 68 .79 .856 22.6
Severe/Extremely severe 85 28.2
Stress 301
Normal/Mild 234 7.7
Moderate 31 .34 .683 10.3
Severe/Extremely severe 36 12.0

15.0% of those had anyone who died due to COVID-19 disease in their family. The majority of the
students indicated that their relationship with their family (46.8%) or friends (41.2%) did not change.
According to 81.1% of those polled, no one in their family lost their job as a result of the COVID-
19 pandemic. The rate of those who stated that they needed psychiatric support was 18.2%.

The means of the depression, anxiety, and stress subscale levels, measured using the DASS-21 scale,
were found to be 11.46, 10.75, and 11.75, respectively. Furthermore, 16.6%, 28.2%, and 12.0% of
those surveyed were found to experience severe/extremely severe depression, anxiety, and stress,
respectively.

Logit Estimates for Depression, Anxiety, and Stress Among Pharmacy Students Following The
COVID-19 Pandemic

Table 3 and 4 tabulates the logit estimates results of depression, anxiety, and stress among pharmacy
students following the COVID-19 pandemic. The results are presented with 3, standard errors, and
odds ratios. For the depression subscale, having a psychiatric disease was a significant positive
predictor of severe/extremely severe depression. The odds of students having a higher level of
depression were 5.87 times higher for those who had the psychiatric disease as compared to those
who did not have the disease. The relationship with family members or friends during the COVID-
19 pandemic was also found to be a significant positive predictor of depression.

Accordingly, the log odds of being in a higher level of depression were 3.96 times greater for those
who had a somewhat bad relationship with the family members, 2.46 times greater for those who
had the same relationship with the family members, and 2.58 times greater for those who had a
somewhat good relationship with the family members
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Table 3: Logit Estimates for Depression, Anxiety, Stress

(1)Severe/Extreme

Depression Anxiety Stress
Sample characteristics: B (SE) OR B (SE) OR B (SE) OR
Age -.91 (.068) 913  -.036(.058)  .965 .019 (.072) 1.019
Gender?
Female 545 (.331) 1.72 509 (.300)°  .1.664 -.032(.416) .968
Origin of Region®
Middle East -1.603 (1.564) .201  .004 (1.392)  1.004  -2.106 (1.482) .122
Africa -1.990 (1.610)  .137  -.256(1.422) .774 -2.031(1.526) .131
Type of pharmacy education®
Pharm B -.025 (.316) 975  .632(.309)"  1.881  -.163(.403) .849
What semester are you in? -.106 (.065) 900 -.119(.062)"  .888 -.230 (.082)™  .795

Note: Reference categories of explanatory variables are (a) male; (b) South Asia; (c) Pharm D. Response variables

were categorized as (a) normal/mild, (b) moderate, (c) severe/extreme.

*** n<0.01; ** p<0.05; * p<0.1.
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Table 4: Logit Estimates for Depression, Anxiety, Stress

(1)Severe/Extreme
Depression Anxiety Stress

Possible risk factors: B (SE) OR B (SE) OR B (SE) OR
Tobacco use®

Yes 221 (.346) 1.247 634 (.319)" 1.884 912 (.404)™ 2.488
BMI®

Underweight .030 (.579) 1.031 -.429 (.525) 651  -1.246 (.578)"  .288

Healthy .036 (.693) 1.037 -1.294(.656)™  .274  -1.453(.771)" .234

Overweight -.060 (.653)  .942 -.589 (.587) 555 -2.230 (.710)™  .108
Physical Activity .003 (.004) 1.003 -.001 (.004) 999 .004 (.005) 1.004
chronic diseases’

Yes -.923(1.084)  .398 1.015(.725) .2.760 -1.542(1.208) .214
psychiatric disease?

Yes 1.770 (.849)™ 5.870 2.065 (.946)™ 7.888  3.387 (.941)"" 29.58
COVID-19 is a very scary disease"

Yes 459 (.279) 1.582 .366 (.268) 1.442 216 (.358) 1.241
diagnosed with COVID-19'

Yes 424 (1.220) 1528 1.254(1.006) 3.506 .666 (1.425) 1.945
the severity of your diseasel

Hospitalized -1.150 (1.445)  .317  -1.355(1.21) .258 -508 (1.608)  .602

Severe .354 (.6446) 1.424 -.023 (.586) 977 .236 (.715) 1.266

Mild .032 (.5446) 1.032 -.108 (.469) .898 -510(.647) .601
anyone diagnosed with COVID-19 in your familyk

Yes 377 (.3407) 1.457  .990 (.317)™  2.692 587 (.423) 1.799
any family members who died due to COVID-19'

Yes 272 (.393) 1.312 .210(.388) 1.234 279 (.484) 1.322

Note: Reference categories of explanatory variables are (d) no; (e)obese; (f-i) no ; (j) asymptomatic (k-1) no. Response variables

were categorized as (a) normal/mild, (b) moderate, (c) severe/extreme.

**% n<0.01; ** p<0.05; * p<0.1.
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Table 4: Logit Estimates for Depression, Anxiety, Stress (Cont.)

(1)Severe/Extreme
Depression Anxiety Stress

Possible risk factors: B (SE) OR B (SE) OR B (SE) OR
Relationship with family during the COVID-19 pandemic™

Very bad 2.09(.199) 1.22  .098(1.594) 1.103 1.517(1.676) 4.56

Somewhat bad 1.378 (.633)"™ 3.966 1.025(.554)" 2787 2.046 (.779)™"  7.73

Same .900 (.492)" 2.460 119 (.422) 1.126 .711(.614) 2.035

Somewhat good 951 (.513)" 2.587 .387 (.458) 1.473 .688 (.627) 1.989
Relationship with friends during the COVID-19 pandemic?"

Very bad -478(.793) 620 -1.064(.825) .345 -1.303(.986) .272

Somewhat bad -927 (584) 396  -.475(529) .622 -1.645(.756)"  .193

Same -651(.540)™" 192  -379(471) 684 -1513(691)"  .220

Somewhat good -.558 (.506) .573 248 (.478) 1.282 .048 (.614) 1.050
Anyone in the family who lost his/her job during COVID-19 pandemic®

Yes 981 (.370)"™" 2.666 1.190.366)™" 3.287 1.012(.456)" 2.752
need psychiatric support due to COVID-19 pandemic??

Yes 1.314(.342)™ 3.721 969 (.347)™" 2.636  1.405(.420)™ 4.076
Pseudo R2 .166 .158 .219
N 301 301 301

Note: Reference categories of explanatory variables are (m-n) very good; (0-p) no. Response variables were categorized as (a) normal/mild,
(b) moderate, (c) severe/extreme.
*** p<0.01; ** p<0.05; * p<0.1.
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The relationship with the friends during COVID-19 was a significant negative predictor of
depression. The odds of being at a higher level of depression were 0.192 times less for those who
had the same relationship with their friends during COVID-19 pandemic. Students who had a family
member who lost his or her job during the pandemic were 2.67 times more likely to have a higher
level of depression as compared to those who did not have a family member who lost his or her job.
A need for psychiatric support due to the COVID-19 pandemic was found to be a significant positive
predictor of depression. The odds of having a higher level of depression were found to be 3.72 times
greater for those who needed psychiatric support as compared to those who did not. However, any
other variables that were included in the analysis were found to be insignificant predictors of
depression.

As shown in Table 3, the findings revealed that gender was a significant factor affecting the level of
anxiety among students. The odds of a student identified as female being at a higher level of anxiety
was1.66 times that of a student identified as male. Moreover, the odds of being in a higher level of
anxiety were found to be 1.88 times higher among students who were Pharm B (5 years
undergraduate program) as compared to those students who were Pharm D (6 years undergraduate
program). It was discovered that the semester the students were in was a significant and negative
predictor of anxiety. Accordingly, the odds ratio indicates that the odds of being in a higher category
on anxiety decrease by a factor of .888 for every one-unit increase in the number of semesters.
Lifestyles, e.g., tobacco use and BMI, of the students were significant predictors of anxiety. The
results showed that students who were tobacco users were 1.88 times more likely to be in a higher
level of anxiety as compared to the students who were non-tobacco users. A healthy weight is also
a significant negative factor affecting the level of anxiety. The odds of a student identified as healthy
having a higher level of anxiety were .274 times higher than those of a student identified as obese.
Having a psychiatric disease is a crucial factor for anxiety similar to depression. The odds of being
at a higher level of anxiety were 7.89 times greater among students who indicated that they had a
psychiatric disease. Students who had a family member diagnosed with COVID-19 had 2.69 times
the odds of having a greater level of anxiety than those who did not have anyone diagnosed with
COVID-19 in their family. The odds of having a greater level of anxiety were 2.79 times higher for
students who had a relatively negative relationship with their family than those who had a very good
relationship. Students who had a family member who lost his or her job during the pandemic were
3.29 times more likely to be anxious than those who did not have a family member who lost his or
her job. The requirement for psychiatric support in the context of the COVID-19 pandemic was
discovered to be a significant positive predictor of anxiety. Accordingly, the odds of having a higher
degree of anxiety were found to be 2.64 times higher for individuals who needed psychiatric support
than those who did not.

The logit estimates for stress are presented in Tables 3 and 4. Accordingly, the semester students
were in was found as a significant negative predictor of stress. The odds ratio indicates that the odds
of being in a higher category on stress decrease by a factor of .888 for every one-unit increase in the
number of semesters. Similar to the anxiety subscale, students who were tobacco users were 2.48
times more likely to be in a higher level of stress as compared to the students who were non-tobacco
users. A healthy weight is also a significant negative factor influencing stress levels. For each unit
increase in BMI category (from underweight to obese), the log odds of being stressed decrease by
.288, .234, and .108, respectively. We also observed that students who stated that they had a
psychiatric disease were 29.58 times more likely to experience stress. The odds of being in a higher
level of stress were 7.73 times higher for those students whose relationship with their family was
somewhat bad as compared to those students whose relationship was very good. On the other hand,
for one unit increase in the relationship with the friends’ categories, we expect a .193 and .220
decrease in the ordered log odds of being in a higher level of stress, respectively. Students who had
a family member who lost his/her job during the pandemic were 2.75 times more likely to feel
stressed than those who did not have a family member who lost his/her job. Psychiatric support due
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to the COVID-19 pandemic was found to be another important predictor of the stress subscale.
Accordingly, it was found to lead to 4.08 times more stress for those students who needed psychiatric
support compared to those who did not need it.

DISCUSSION

Concerning the COVID-19 pandemic's psychological and environmental effects on students'
educational experiences, there are still many undetermined issues (8). By conducting a survey
among 301 pharmacy students, the current study examined the prevalences of depression, anxiety,
and stress and the effects of possible risk factors on their psychological health following the COVID-
19 pandemic. Based on the findings, the main results of the present study showed that the
prevalences of severe/extremely severe depression, anxiety, and stress were found to be 16.6%,
28.2%, and 12.0%, respectively.

The effect of gender differences on the pharmacy students’ depression, anxiety, and stress levels
was only found to be significant for anxiety. Accordingly, female pharmacy students were more
likely to have a higher anxiety level compared to male students. Parallel to these findings, previous
studies on the subject reported that anxiety levels were higher among female university students
than males (30). While students who are Pharm B students were more likely to feel anxious than
their Pharm D counterparts, students with a higher academic year were found to be less anxious and
stressed than those with a lower academic year. A study conducted on the academic stress of college
students reported that freshmen and sophomores had higher mean stress levels than juniors and
seniors (31). It is important to highlight that students with a higher academic year could have less
academic pressure and, therefore, less anxiety and stress about the future.

The findings showed that tobacco use was a significant contributor to anxiety and stress among
pharmacy students. Besides being one of the leading causes of death and morbidity in the world
(32), smoking has also been linked in numerous studies to psychiatric disorders such as anxiety,
depression, and stress (33). Three non-mutually exclusive models for the smoking-anxiety
relationship were proposed by Moylan et al. (2012): (1) smoking may make people more likely to
feel anxious; (2) anxiety may make people more likely to smoke; and (3) rates of both smoking and
anxiety may be influenced by a common vulnerability variable (34).

In our study, people with psychiatric diseases were found to be significantly more likely to
experience depression, anxiety, and stress. In line with these findings, other studies have also found
similar results. A study conducted by Hao et al. (2020) showed that psychiatric patients were more
likely to experience depression, anxiety, and stress due to the COVID-19 pandemic (35). These
people with psychiatric diseases may not have visited psychiatrists as a result of the lockdown due
to insufficient health services during COVID-19 in hospitals. People with psychiatric illnesses were
more likely to experience higher levels of depression, anxiety, and stress, according to a different
study using multiple regression analysis to examine the depression, anxiety, and stress levels among
physicians during the COVID-19 pandemic (36).

One-fourth of those polled indicated that the COVID-19 pandemic strained relationships with their
family members and/or their friends. The regression results showed that those students who reported
a somewhat bad relationship with family or friends were found to be more susceptible to
experiencing extremely severe and/or severe depression, anxiety, and stress. Possibly, increased
stressors at home, a lack of communication with friends, and social isolation due to the COVID-19
pandemic may have caused the students to be more prone to have higher depression, anxiety, and
stress levels (37).

We found a significant effect of family members’ loss of jobs during the pandemic on having higher
depression, anxiety, and stress levels among pharmacy students. The COVID-19 pandemic is well
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known for having significantly increased unemployment rates across a number of countries globally
(38). It has been challenging for people to access financial resources as a result of their loss of
employment. Any family member's job loss during the pandemic may also play a significant role in
the reporting of severe depression, anxiety, and stress symptoms among university students.

Our findings specifically indicate that students who had lower BMI values were less likely to have
extremely severe and/or severe anxiety and stress levels compared to the students who were obese.
Early data from the COVID-19 pandemic suggested that specific patient traits were linked to higher
morbidity and mortality from SARS-CoV-2 (39). The most common recorded risk factors among
these characteristics were older age, male sex, smoking, the existence of chronic medical disorders,
and obesity (BMI 30 kg/m2) (40,41). A study conducted in France also showed a positive association
between a higher BMI and the severity of COVID-19 infection (42). Therefore, it is inevitable for
people with a higher BMI to feel more anxious and stressed about their health due to COVID-19.
Moreover, it has also been shown that the death of a parent or a friend may have caused
psychological distress, and research has indicated that those who are overweight may be more
susceptible to such stresses than those who are of normal weight (43).

The results showed that students who had any family members diagnosed with COVID-19 were
more likely to feel anxious than their counterparts who had no one diagnosed with COVID-19 in
their family. A study conducted with 90 participants in Tiirkiye showed that the probability of
anxiety and depression among COVID-19 patient relatives in the intensive care unit during the
pandemic was much greater than that of patient relatives without COVID-19 (44). This outcome
was also reflected in the current work, since our results also pointed out that the experience of a
family member diagnosed with the disease negatively affected mental well-being without regard to
gender. Since the breakdown of the family in various facets of life is caused by the death of a family
member (45), fear of losing a family member might be among the reasons that can increase a person's
anxiety level.

Those participants who need psychiatric support due to the COVID-19 pandemic were found to be
more depressed, anxious, and stressed than participants who do not need any psychological support.
It is undoubtedly helpful to discuss their experiences, psychological issues, and worries with a
friend, a relative, or a health care practitioner. This can assist in lessening their feelings of
depression, anxiety, and stress (37; 46).

CONCLUSION

College students and the general public have both been under stress as a result of the COVID-19
pandemic, which has been identified as a global public health crisis since the end of 2019. Due to
these pandemic-related stresses and constraints in social life, it has been shown that university
students are more likely to have mental health issues, which might have a negative impact on their
academic performance and socialization. This study found that among pharmacy students, there
were signs of stress, anxiety, and depression related to the COVID-19 pandemic. The study results
have been found to be associated different lifestyles, demographics, and COVID-19-related
variables. In line with previous studies on this subject, being female, academic year, tobacco use,
Body Mass Index (BMI), history of psychological disease, any relatives diagnosed with COVID-19,
relationship with family or friends, any relatives who lost their job during COVID-19, and need for
psychological support were found to be factors associated with one or more mental health issues
such as depression, anxiety, and stress that increased the risks of depression. The results obtained
from our study are relevant not only in relation to the COVID-19 pandemic but also, more generally,
in the response of college students in Northern Cyprus to COVID-19 and its effect on mental health.

The outcomes of this research study have been found to be in parallel with the literature's findings.
Based on these, the change in depression, anxiety, and stress levels of college students following the
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COVID-19 pandemic should be cross-checked to further observe the weakening of the negative
effects of the pandemic. Moreover, the data provided is also valuable to be used at the earlier stages
of possible world-wide pandemics to overcome similar negative effects.
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Girig: Karaciger sirozu hastalarinda sitopeniler klinik bir problem olarak hasta takiplerinde ortaya ¢ikabilmektedir. Biz
bu calismada trombosit sayisi 100 bin/mikrolitre’nin altinda olan karaciger sirozu hastalarinda, dalak boyutlari ile
trombosit/ WBC/nétrofil/lenfosit/monosit diizeyleri arasinda bir iligki olup olmadigini degerlendirmeyi amacladik.
Materyal ve Metot: Hastalar, dalak boyutlarina gore 4 gruba ayrildi. Dalak boyutu normal olarak bildirilmis olan hastalar
(Dalak uzunlugu <13 cm(santimetre) olan hastalar da bu gruba dahil edildi) birinci grup, dalak uzunlugu 13 cm-15 cm
arasinda olanlar (13 cm dahil degil, 15 cm dahil degil) ikinci grup, dalak uzunlugu 15 cm — 18 cm arasinda olanlar (15
cm dahil, 18 cm dahil degil) ii¢iincii grup, dalak uzunlugu >18 cm olanlar dordiincii grup olarak siniflandirildi. Gruplar
arasinda WBC, nétrofil, lenfosit, monosit diizeylerine gore farklilik olup olmadig aragtirildi. Bulgular: Dalak uzunlugu
>18 cm olanlarda dalak uzunlugu <15 c¢cm olanlara gore trombosit diizeyinin istatistiksel olarak anlamli diizeyde daha
disiik oldugu gorildi (p<0,05). Dalak uzunlugu >15 c¢cm olanlarda dalak uzunlugu <15 cm olanlara gére WBC, lenfosit
ve monosit diizeylerinin istatistiksel olarak anlamli diizeyde daha diisiik oldugu bulundu (p<0,05). Tartigsma: Dalak
uzunlugu <15 cm olan karaciger sirozu hastalarinda 16kopeni/trombositopeni hemen siroza baglanmamalidir ve o
durumlarda sitopeniye yol agabilecek diger potansiyel sebepler de akilda tutulmalidir.

Anahtar Kelimeler: Karaciger sirozu, Splenomegali, Lenfopeni, Nétropeni, Trombositopeni

ABSTRACT

Introduction: In patients with liver cirrhosis, cytopenias may occur as a clinical problem during patient follow-up. In
this study, we aimed to evaluate whether there is a relationship between spleen size and
platelet/\WWBC/neutrophil/lymphocyte/monocyte levels in liver cirrhosis patients who had platelet counts below 100
thousand/microliter. Material & Methods: The patients were classified into 4 groups according to their spleen size.
Patients whose spleen size was reported to be normal (patients with spleen length <13 cm (centimeters) were also
included in this group) were classified as group 1, patients with a spleen length between 13-15 ¢cm (13 cm not included,
15 cm not included) were classified as group 2, those with a spleen length between 15 cm - 18 cm (15 ¢cm included, 18
cm not included) were classified as group 3, and those with a spleen length >18 cm were classified as group 4. It was
investigated whether there were differences between the groups in terms of WBC, neutrophil, lymphocyte and monocyte
levels. Results: It was observed that platelet level was statistically significantly lower in patients with spleen length >18
cm compared to those with spleen length <15 cm (p<0.05). It was found that WBC, lymphocyte and monocyte levels
were statistically significantly lower in patients with spleen length >15 cm compared to those with spleen length <15
cm (p<0.05). Discussion: Leukopenia/thrombocytopenia should not be immediately attributed to cirrhosis in liver
cirrhosis patients with spleen length <15 cm, and other potential cytopenia causes should also be kept in mind in those
situations.
Keywords: Liver cirrhosis, Splenomegaly, Lymphopenia, Neutropenia, Thrombocytopenia
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GIRIS

Karaciger sirozunda portal hipertansiyon ve splenomegali goriilebilmektedir. Portal hipertansiyonu
olan karaciger sirozlu olgularda zaman igerisinde sitopeniler gelisebilmektedir. Lv Y ve ark. 183
portal hipertansiyonu olan karaciger sirozlu hastada yaptiklar1 ¢alismada, periferal sitopeni sebebi
olarak; %80,5 sadece hipersplenizm oldugunu, %3,5 hipersplenizm dis1 faktorler oldugunu, %16
hipersplenizm ile hipersplenizm dis1 faktorlerin birlikte etkili oldugunu bildirmislerdir (1). Lu YF
ve ark. da, azalmis periferal kan hiicre sayimi1 olan 322 sirotik portal hipertansiyon hastasinda
yaptiklari calismada, hastalarin %27,6’sinda pansitopeni oldugunu bildirmislerdir (2). Lu YF ve ark.
da, azalmis periferal kan hiicre sayimi1 olan 322 sirotik portal hipertansiyon hastasinda yaptiklar
calismada, 206 hastada WBC (white blood cell) diizeyinin <4,0x10%L oldugunu bildirmislerdir (2).

Splenomegali, Lugano Klasifikasyonu’nda 13 cm’in iizerinde dalak boyutu olarak kabul edilmistir
(3). Biz bu c¢alismada trombosit diizeyi 100 bin/mikrolitre’nin altinda olan karaciger sirozu
hastalarinda, dalak boyutlar1 ile trombosit seviyeleri arasinda bir iligski olup olmadigini arastirmay1
amagladik. Ek olarak, trombosit diizeyi 100 bin/mikrolitre’nin altinda olan karaciger sirozu
hastalarinda, WBC, nétrofil, lenfosit ve monosit diizeylerinin dagilimlarini 6lgmeyi ve dalak boyutu
ile 16kopeniler arasinda bir iliski olup olmadigini arastirmay1 da amagladik.

GEREC ve YONTEM

SDU Tip Fakiiltesi Hastanesi (SDU Arastirma ve Uygulama Hastanesi)’nde 01.01.2015 ve
30.04.2024 tarihleri arasinda (01.01.2015 ve 30.04.2024 tarihleri dahil) hemogram testi vermis olan
115 hasta ¢alismaya alindi. Calismaya hastane dosya arsivinde veya elektronik arsivinde karaciger
sirozu tanist oldugu bilinen hastalar alindi. 19 yas ve iizerinde olan hastalar ¢alismaya alindi.
Trombosit diizeyi 100 bin/mikrolitre’nin altinda olan hastalar ¢alismaya alind1. 19 yasinin altindaki
hastalar ¢alismaya alinmadi. Trombosit diizeyi 100 bin/mikrolitre veya iizerinde olan hastalar
calismaya alinmadi. Bilinen lenfoma hastaligi olan hastalar c¢alismaya alinmadi. Bilinen
myeloproliferatif hastalig1 olan hastalar ¢aligmaya alinmadi. Talasemi major hastalar1 ve bilinen
l16semi tanis1 olan hastalar ¢aligmaya alinmadi. Dalak boyutu ultrasonografik olarak o6l¢iildiigii
esnada, aktif tiiberkiiloz veya brucella enfeksiyonu oldugu bilinen hastalar da ¢alismaya alinmadi.
Aplastik anemi Oykiisii olan hastalar, kok hiicre nakli dykiisii olan hastalar, myelodisplastik sendrom
(MDS) tanis1 olan hastalar, myeloid neoplasm Oykiisii olan hastalar, immiin trombositopenisi (ITP)
hastalar1, premalign klonal sitopeni tanis1 koyulmus olan hastalar da ¢alismaya alinmadi. Karaciger
nakli olan hastalarin nakil sonrasi verileri c¢aligmaya alinmadi, nakil Oncesi verileri alindi.
Splenektomi yapilmis olan hastalar da ¢aligmaya alinmadi.

Hastalardan, dalak boyutlarinin en son dl¢limiine en yakin tarihli olan hemogram tahlilini verdigi
giinden dnceki son 30 giin igerisinde veya hemogram tahlilini verdigi giinden sonraki ilk 30 giin
icerisinde hastanemiz laboratuvar Vitamin B12 testi sonucu alt referans limitinin altinda vitamin
B12 diizeyi sonucu oldugu dosyasinda tespit edilenler (belirtilen donemlerde hastanemizde vitamin
B12 sonucu olup sonucu hastanemiz laboratuvar Vitamin B12 tetkiki alt referans limitinin altinda
oldugu tespit edilenler), en yakin hemogram tahlilini verdigi giinden 6nceki son 30 giin icerisinde
veya hemogram tahlilini verdigi glinden sonraki ilk 30 giin i¢erisinde hastanemiz laboratuvar Folik
asit diizeyi testi sonucu <2 ng/mL oldugu dosyasinda tespit edilenler (belirtilen donemlerde
hastanemizde Folik asit diizeyi sonucu olup sonucu <2 ng/mL oldugu dosyasinda tespit edilenler),
kemik iligini infiltre eden bir hastaligi oldugu dosyasinda goriilenler, bilinen AIDS (Acquired
Immune Deficiency Syndrom) tanisi olanlar, bilinen HIV (Human immunodeficiency virus)
enfeksiyonu olanlar da ¢alismaya dahil edilmedi. Dalak boyutlarinin en son 6l¢iimiine en yakin
tarihli hemogram tahlilini verdigi giin akut enfeksiyon tanist oldugu dosyasinda goriilen hastalarin
en yakin tarihli hemogram tahlili ¢aligmaya alinmayip, onun yerine akut enfeksiyon tanisi olmayan
en yakin diger hemogram tahlili caligmaya alind1.
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Calismaya alman tiim hastalarin, hastane dosyalar1 veya elektronik hasta arsivlerindeki
raporlu/kayith en son Ol¢lilmiis olan dalak boyutlar1 kaydedildi. Hastalarin dalak boyutunun en son
Olclimiine en yakin tarihli olan hemogram parametrelerinden WBC (White blood cell (Beyaz kiire)),
ndtrofil, lenfosit, monosit ve plt (trombosit) degerleri kaydedildi ve bu degerlerin ortanca (Median)
ve Ortalama (Mean) degerleri hesaplandi; sonrasinda bulgular tablolar halinde de bildirildi.

Hastalar, dalak boyutlarina gore 4 gruba ayrildi. Dalak boyutu normal olarak bildirilmis olan hastalar
(Dalak uzunlugu <13 cm (santimetre) olan hastalar da bu gruba dahil edildi) birinci grup, dalak
uzunlugu 13 cm-15 cm arasinda olanlar (13 cm dahil degil, 15 cm dahil degil) ikinci grup, dalak
uzunlugu 15 cm-18 cm arasinda olanlar (15 cm dahil, 18 cm dahil degil) li¢iincii grup, dalak
uzunlugu >18 cm olanlar dordiincii grup olarak siniflandirildi. Her grup hastanin mean ve median
trombosit degerleri hesaplandi ve gruplar arasinda trombosit diizeylerine gore farklilik olup
olmadig1 arastirildi. Bununla birlikte, her grup hastanin mean ve median WBC, nétrofil, lenfosit,
monosit degerleri de hesaplandi ve gruplar arasinda WBC, notrofil, lenfosit, monosit diizeylerine
gore farklilik olup olmadigi da arastirildi.

Calisma retrospektif bir calisma oldugu icin, sadece SDU Tip Fakiiltesi Hastanesi (SDU Arastirma
ve Uygulama Hastanesi) ‘‘elektronik/eski tip dosya’’ arsiv kayitlarinda oldugu goriilen
bulgular/tanilar/hasta 6zellikleri/hasta tetkik sonuglari/hasta takip notlari/hasta bilgileri calismada
kullanildi. Dislama faktérleri degerlendirilirken ise, SDU Tip Fakiiltesi Hastanesi “elektronik/eski
tip dosya’ arsiv kayitlarinda mevcut olan bulgular/tanilar/hasta o6zellikleri /hasta tetkik
sonuglari/hasta takip notlari/hasta bilgileri arasinda kayitli oldugu gozlenen herhangi bir dislama
faktorii mevcut olan hastalar galismaya almmadi. Diger yandan, SDU Tip Fakiiltesi Hastanesi
“‘elektronik/eski tip dosya’’ arsiv kayitlarinda mevcut olan bulgular/tanilar/hasta 6zellikleri /hasta
tetkik sonuglari/hasta takip notlari/hasta bilgileri arasinda kayithi oldugu goézlenen herhangi bir
dislama faktorii mevcut olmayan hastalar calismaya alindi.

Calisma i¢in T.C. Siileyman Demirel Universitesi Saghk Bilimleri Etik Kurulu'ndan 01.08.2024
tarihli ve 78/16 sayili onay alind1.

Istatistiksel analiz

Istatistiksel analizler SPSS (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version
27.0. Armonk, NY: IBM Corp) adli paket program kullanilarak yapilmistir. Bulgularin
yorumlanmasinda frekans tablolar1 ve tanimlayict istatistikler kullanilmistir. Normal dagilima
uygun olmayan Ol¢lim degerleri i¢in parametrik olmayan yontemler kullanilmistir. Parametrik
olmayan yontemlere uygun sekilde, lic veya daha fazla bagimsiz grubun 6l¢iim degerleriyle
karsilagtirilmasinda “Kruskal-Wallis H” test (¥2-tablo degeri) yontemi kullanilmistir. Anlamli fark
cikan degiskenlerin ikili karsilastiriimalarinda “Bonferroni diizeltmesi” kullanilmistir. Iki nitel
degiskenin birbiriyle iligkilerinin incelenmesinde “Pearson-y2” capraz tablolar1 kullanilmistir.
Normal dagilima sahip olmayan verilerde iki nicel degiskenin iliskilerinin incelenmesinde
“Spearman” korelasyon katsayis1 kullanilmistir.

BULGULAR

Dalak boyutu gruplarina gore WBC degerleri agisindan istatistiksel olarak anlamli farklilik tespit
edilmistir (p<0,05) (Tablo 1). Anlaml farkin hangi gruptan kaynaklandigini tespit etmek i¢in
yapilan Bonferroni diizeltmeli ikili karsilastirmalar sonucunda; 1. grup ile 3 ve 4. grup arasinda
anlaml farklilik tespit edilmistir. 1. gruptakilerin WBC degerlerinin, 3 ve 4. grupta olanlara gore
anlaml diizeyde daha yiiksek oldugu belirlenmistir. Ayni sekilde, 2. grup ile 3. ve 4. grup arasinda
anlamh farklilik tespit edilmistir. 2. gruptakilerin WBC degerleri, 3. ve 4. grupta olanlara gore
anlaml diizeyde daha yiiksek oldugu belirlenmistir (Tablo 1).

Dalak boyutu gruplarina gore notrofil degerleri agisindan istatistiksel olarak anlamli farklilik tespit
edilmistir (p<0,05). Anlamli farkin hangi gruptan kaynaklandigini tespit etmek icin yapilan
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Bonferroni diizeltmeli ikili karsilastirmalar sonucunda; 1. ve 2. grup ile 4. grup arasinda anlaml
farklilik tespit edilmistir. 1. ve 2. gruptakilerin notrofil degerlerinin, 4. grupta olanlara gére anlaml
diizeyde daha yiiksek oldugu belirlenmistir (Tablo 1).

Dalak boyutu gruplarina gore lenfosit degerleri agisindan istatistiksel olarak anlamli farklilik tespit
edilmistir (p<0,05). Anlamli farkin hangi gruptan kaynaklandigini tespit etmek i¢in yapilan
Bonferroni diizeltmeli ikili karsilastirmalar sonucunda; 1. grup ile 3. ve 4. grup arasinda anlamli
farklilik tespit edilmistir. 1. gruptakilerin lenfosit degerlerinin, 3. ve 4. grupta olanlara gére anlaml
diizeyde daha yiiksek oldugu belirlenmistir. Ayni sekilde, 2. grup ile 3. ve 4. grup arasinda da anlamli
farklilik tespit edilmistir. 2. gruptakilerin lenfosit degerlerinin de 3. ve 4. grupta olanlara gore
anlaml diizeyde daha yiiksek oldugu belirlenmistir (Tablo 1).

Dalak boyutu gruplarina gére monosit degerleri agisindan istatistiksel olarak anlamli farklilik tespit
edilmistir (p<0,05). Anlamli farkin hangi gruptan kaynaklandigini tespit etmek igin yapilan
Bonferroni diizeltmeli ikili karsilastirmalar sonucunda; 1. grup ile 3. ve 4.grup arasinda anlaml
farklilik tespit edilmistir. 1. gruptakilerin monosit degerlerinin, 3. ve 4. grupta olanlara gore anlaml
diizeyde daha yiiksek oldugu belirlenmistir. Ayni sekilde, 2. grup ile 3. ve 4. grup arasinda da anlaml
farklilik tespit edilmistir. 2. gruptakilerin monosit degerleri de 3. ve 4. grupta olanlara gore anlamli
diizeyde daha yiiksek oldugu da belirlenmistir (Tablo 1).

Dalak boyutu siniflarina gore platelet degerleri agisindan da istatistiksel olarak anlamli farklilik
tespit edilmistir (p<0,05). Anlamli farkin hangi gruptan kaynaklandigini tespit etmek icin yapilan
Bonferroni diizeltmeli ikili karsilastirmalar sonucunda; 1. ve 2. grup ile 4. grup arasinda anlaml
farklilik tespit edilmistir. 1. ve 2. gruptakilerin platelet degerlerinin, 4. grupta olanlara gére anlaml
diizeyde daha yliksek oldugu belirlenmistir (Tablo 1).
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Tablo 1: Dalak Boyutu Gruplarina Gére Bazi Hemogram Parametrelerinin Karsilastiriimasi

Trombopenik Sirozda Dalak ve Sitopeni

Dalak boyutu 1. grup (n=22) 2. grup (n=26) 3. grup (n=41) 4. grup (n=26) istatistiksel analiz*
Degigken X+S.S. Medyan XtS.S. Medyan X+S.S. Medyan X+S.S. Medyan Olasilik
(IQR) (IQR) (IQR) (IQR)
WBC 4622,72+1950,08  4250,0 (2325,0)  4530,76+1705,46 4400,0 3224,39+1106,74 3400,0 3000,00+1037,30 3150,0 ¥2=20,174
(3000,0) (2000,0) (1425,0) p<0,001
(1_374)
(2-3,4)
Notrofil 2768,18+1415,35 2450,0 2688,46+1229,41 2300,0 2046,34+862,87 2000,0 1934,61+780,22 1900,0 %2=8,652
(1350,0) (2050,0) (1450,0) (1025,0) p=0,034
(172_4)
Lenfosit 1136,36+418,09 1100,0 1107,69+535,85 1000,0 700,00+261,72 700,0 650,00+347,85 650,0 ¥2=27,465
(650,0) (950,0) (400,0) (500,0) p<0,001
(1_374)
(2-3,4)
Monosit 540,91+301,83 500,0 569,23+251,03 500,0 351,21+171,93 300,0 276,92+117,67 300,0 ¥2=27,534
(500,0) (425,0) (300,0) (125,0) p<0,001
(1-34)
(2-3,4)
Platelet 75318,18+£20522,66 82500,0 73076,92+18200,92 72500,0 64975,60+22706,26 68000,0 58307,69+22019,57 54000,0 x?=10,208
(33000,0) (31250,0) (38500,0) (38250,0) p=0,017
(1,2-4)

*Normal dagilima sahip olmayan verilerde ii¢ veya daha fazla bagimsiz grubun 6lgiim degerleriyle karsilastiriimasinda “Kruskal-Wallis H” test (?-tablo degeri) istatistikleri kullanilmistir.
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Dalak uzunlugu >18 cm olanlarda dalak uzunlugu <15 cm olanlara gore trombosit diizeyinin
istatistiksel olarak anlamli derecede daha diisiik oldugu goriildii (p<0,05). Dalak uzunlugu >18 cm
olanlarda dalak uzunlugu <15 cm olanlara gore noétrofil diizeyinin de istatistiksel olarak anlamli
derecede daha diisiik oldugu da goriildii (p<0,05). (Tablo 1).

Dalak boyutu >13 cm olanlarda yapilan ayr bir analizde ise dalak boyutu >13 cm olan hastalarda,
dalak boyutu ile WBC, nétrofil, lenfosit, monosit ve platelet degeri arasinda negatif yonde, zayif
derecede ve istatistiksel olarak anlamli iligki tespit edilmistir (p<0,05). Dalak boyutu arttikca, WBC,
noétrofil, lenfosit, monosit ve platelet degerleri azalmaktadir (Tablo 2).

Tablo 2: Dalak Boyutu >13 cm Olanlarda Dalak Boyutu ile WBC/Nétrofil/Lenfosit/Monosit/Platelet Diizeyleri
Arasindaki Iliskilerin Incelenmesi

Korelasyon* Dalak boyutu

r p
WBC -0,362 <0,001
Notrofil -0,260 0,012
Lenfosit -0,390 <0,001
Monosit -0,468 <0,001
Platelet -0,324 0,002

*Normal dagilima sahip olmayan verilerde iki nicel degiskenin iligkilerinin incelenmesinde “Spearman” korelasyon
katsayis1 kullanilmustir.

TARTISMA ve SONUC

Karaciger sirozunda sitopeni ve trombositopeni nedeni olarak bilinen baslica etkenlerden birisi
hipersplenizmdir. Aster RH. splenomegalide dalaktaki trombosit havuzunun biiyiikk oranda
artabilecegini 1966 yildirinda bildirdi (4). Bununla birlikte, trombopoietin (TPO) trombosit
tiretimini ve artmasini saglayan bir molekiildiir ve karacigerden de sentezlenmektedir (5-7). Martin
TG 3rd ve ark. yaptiklar1 calismada 44 sirozlu hastanin 39 unda trombopoietin diizeyinin tespit
edilemedigini bildirmislerdir (8). 17 hastanin 16’sinda da karaciger nakli sonrasinda trombopoietin
diizeylerinin tespit edilebildigini belirtmislerdir (8). Calismamizda da dalak boyutu normal olan
karaciger sirozu hastalarinda da sitopenilerin goriilmesi nedeni ile karaciger sirozu olan hastalarda
sitopenilerin sadece hipersplenizme baglanmamasi gerektigi desteklendi.

Gschwantler M ve ark. transjugular intrahepatic portosystemic shunt (TIPS) ile portal dekompresyon
sonrasinda trombosit diizeylerindeki degisikligi gozlemlemek amaci ile prospektif kontrollii bir
calisma yapmislardir (9). Gschwantler M ve ark.’in yaptig1 ¢alismada 55 TIPS hastasi ile shunt
olmayan 110 kontrol grubu karsilastirildiginda, TIPS sonrasi 1. aydan 12. aya kadar olan takiplerde
TIPS grubunda trombosit diizeylerinin anlamli derecede daha yiiksek oldugunu gézlemlemislerdir
(9). Gschwantler M ve ark., ¢aligma siiresindeki donemde TIPS hastalarinda median trombosit
sayisinin %19,7 oraninda arttigini bulmuslardir (9). Diger yandan, Barney EJ ve ark. tarafindan
yapilan retrospektif ¢aligmada ise polytetrafluoroethylene (PTFE)-coated TIPS islemi sonrasinda
sirotik hastalardaki trombositopenide anlamli bir iyilesme olmadiginin gézlemlenildigi bildirilmistir
(10). Calismamizda da dalak uzunlugu >18 cm olmasinin trombositopeninin daha da derinlesmesi
ile iliskili oldugu goriildii.

Lv YF ve ark. sirotik portal hipertansiyona bagli hipersplenizmi olan hastalarda yaptiklari ¢alismada
splenoktemi sonrasinda periferal kan hiicrelerinde anlamli artis oldugunu bildirmislerdir (11). Shah
SH ve ark. sirozdaki splenik fagositik aktivitenin dalak biiytkligi ile birlikte arttigini da
gostermislerdir (12). Shah SH ve ark. dalak hacmi ile 16kosit sayisinin negatif olarak korele
oldugunu da bildirmislerdir (12). Latorre R ve ark. sirotik hastalarda yaptiklar1 ¢alismada dalak
volimii ile trombosit sayisinin negative korele oldugunu gostermislerdir (13). Diger yandan,
Mihaylova-Strashilova M ve Tonchev PT tarafindan yapilan ¢alismada ise karaciger sirozu olan
hastalarin yaklasik % 12,46’sinda trombositopeninin diger hematolojik anomalilere eslik etmedigi
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bildirilmistir (14). Ek olarak, Latorre R ve ark. hepatic venlerden alinan thrombopoietin diizeyi ile
karaciger fonksiyon testleri bilirubin ve INR (International normalized ratio) degerleri arasinda da
negatif korelasyon oldugunu da gostermislerdir (13). Ayrica, Latorre R ve ark. kompanse sirozlu
hastalarda trombosit diizeyi ile periferik venden alinan TPO diizeylerinin arasinda pozitif korelasyon
oldugunu da gostermislerdir (13). Calismamizda ise, gruplar arasi analizde, dalak uzunlugu >15 cm
olmasinin WBC/lenfosit/monosit diizeylerinde istatistiksel olarak anlamli derecede daha diisiik
degerler ile iliskili oldugu gozlendi. Ancak, sadece dalak boyutu >13 cm olan karaciger sirozu
hastalarinda ¢alismamizda yapilan ayri bir analizde ise, dalak boyutu arttikca, WBC, nétrofil,
lenfosit, monosit ve platelet degerlerinde azalma oldugu gozlendi. Bu analizlerden, dalak boyutu
>13 cm olan karaciger sirozu hastalarinda WBC, nétrofil, lenfosit, monosit ve platelet degerlerinde
dalak boyutu artmasi ile beraber diisiis trendi goriilebilecegi ama belirgin sitopenik diisiislerin ise
dalak uzunlugu >15 cm’den sonra olusmaya baglayabilecegi sonucuna varildi.

Dalak uzunlugu 15 cm’nin altinda olan WBC, nétrofil, lenfosit, trombosit, monosit diistikliiklerinde
16kopeni/trombositopeni hemen karaciger sirozuna baglanmamalidir ve ayirict taniya girebilecek
diger etiyolojik faktorler agisindan da dikkatli olunmalidir. Bununla birlikte karaciger sirozu
hastalarinda splenomegali arttik¢a sitopeniler daha fazla derinlesebilecegi ihtimali acisindan da
sitopenileri ilerleyen karaciger sirozu hastalarinda karsilastirmali dalak goriintiilemesi de
yapilmalidir.

Tesekkiir: Istatistiksel analizlerdeki destegi nedeni ile Sayin Melih Uzunoglu’na tesekkiir ederiz. Universitemizin
akademik faaliyetlerinin ilerlemesi konusundaki destekleri agisindan ve tiniversitemizin gelisimine olan katkilart
nedeni ile Rektor Yardimeimiz saygideger Profesdr Dr. Alim Kosar’a tesekkiir ederiz.

Etik Kurul Onay:: Bu ¢alismada, “Yiiksekogretim Kurumlari Bilimsel Aragtirma ve Yaym Etigi Yonergesi”
kapsaminda uyulmasi gerekli tiim kurallara uyuldugunu, bahsi gegen yonergenin “Bilimsel Arastirma ve Yayimn
Etigine Aykir1 Eylemler” baglig1 altinda belirtilen eylemlerden higbirinin gergeklestirilmedigini taahhiit ederiz.

Calismaya baslamadan 6nce T.C. Siileyman Demirel Universitesi Saglik Bilimleri Etik Kurulu’ndan 01.08.2024 tarihli
ve 78/16 sayili ‘Etik Kurul Onay1’ alinmistir. Calismada baslica yazar Dog. Dr. Alparslan Merdin’dir.
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0z

Halk arasinda “mucize aga¢” olarak adlandirilan Moringa oleifera bitkisi, kalsiyum ve potasyum gibi mineralleri, A, C
ve E vitamini gibi antioksidan vitaminleri ve polifenoller, fenolik asitler ve flavonoidler gibi biyoaktif bilesikleri
icermektedir. Gliney Himalayalar, Hindistan, Banglades, Afganistan ve Pakistan, Afrika, Amerika ve Asya’nin tropikal
ve subtropikal bolgelerinde yetistirilmektedir. Bazi toplumlar tarafindan eski caglardan itibaren birgok hastaligin
tedavisinde iyilestirici etkisi oldugu diisiiniildiigii icin tiikketilmistir. Ozellikle Asya ve Afrika iilkelerinde giiniimiizde de
insan ve hayvan beslenmesi ile birgok rahatsizligin tedavisi i¢in kullanilmaktadir. Moringa oleifera nin saglik {izerine
olumlu etkileri yiiksek biyoaktif molekiil icerigi ve elzem amino asitleri icermesi ile agiklanmaktadir. M. oleifera
yapraklar1 portakalda bulunandan daha yiiksek bir konsantrasyonda C vitamini ve findikta bulunana benzer
konsantrasyonlarda E vitamini i¢ermektedir. Ozellikle yapraklarmin igerdigi bazi elzem aminoasitler sayesinde
gelismekte olan tilkelerdeki diyette yetersiz olan proteinin karsilanmasinda kullanilabilecegi bildirilmektedir Ayrica
icerigindeki karbonhidratlarin yaklasik %20’sinin ise bagirsak sagligini iyilestirici, antihiperlipidemik ve antihipertansif
etkileri olan diyet posasindan olustugu gosterilmektedir. Bununla birlikte besin 6gesi i¢erigi M. oleiferanin olgunlasma
diizeyi ve yetistigi bolgeye gore degisiklik gosterebilmektedir. Moringa oleifera’nin antioksidan, antiinflamatuar,
antibakteriyel, antidiyabetik, antihipertansif 6zelliklerinin yaninda obezite ve kansere karsi da koruyucu etkisi
bulunmaktadir. Bu derlemenin amaci, birgok yararl etkisi oldugu diistiniilen M. oleifera bitkisini besin 6gesi i¢erigini
ve saglik lizerindeki etkilerini incelemektir.

Anahtar Kelimeler: Antioksidan, Antiinflamatuar, Antimikrobiyal, Moringa oleifera, Polifenoller

ABSTRACT

The Moringa oleifera plant, popular as the “miracle tree”, contains minerals such as calcium and potassium, antioxidant
vitamins such as vitamins A, C and E, and bioactive compounds such as polyphenols, phenolic acids and flavonoids. It
is grown in the tropical and subtropical regions of the Southern Himalayas, India, Bangladesh, Afghanistan and Pakistan,
Africa, America and Asia. Some societies have consumed it since ancient times because it is thought to have a healing
effect in treating many diseases. It is still used today, especially in Asian and African countries, in human and animal
nutrition and for the treatment of many diseases. The positive effects of Moringa oleifera on health are explained by its
high bioactive molecule content and essential amino acids. M. oleifera leaves contain a higher concentration of vitamin
C than found in oranges and vitamin E in concentrations similar to those found in hazelnuts. It is reported that it can be
used to meet the protein deficiency in developing countries' diets, especially thanks to some essential amino acids
contained in its leaves. In addition, it has been shown that approximately 20% of the carbohydrates in its content consist
of dietary fiber, which has intestinal health-improving, antihyperlipidemic and antihypertensive effects. However, the
nutrient content may vary depending on the maturity level of M. oleifera and the region where it is grown. Moringa
oleifera has antioxidant, anti-inflammatory, antibacterial, antidiabetic and antihypertensive properties as well as a
protective effect against obesity and cancer. The purpose of this review is to examine the nutrient content and health
effects of the M. oleifera plant, which is thought to have many beneficial effects.

Keywords: Antioxidant, Antiinflammatory, Antimicrobial, Moringa oleifera, Polyphenols
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GRAFIK OZET

Antiinflamtuar

-Monosit inflitrayonunu inhibe etme
-Fibroblast poliferesyonunu azaltma
-Makrofaj hiicrelerinde nitrik oksit inhibisyonu

Antimikrobiyal

-Huicre zari sentezinin bozulmasi
-Esansiyel enzimlerin sentezinin bozulmasi
-Hiicre zarinin asinmasi

Mormga oleifera

-Plazma glikozu
-B hiicre fonksiyonu f

Antikanser
Anlioksidan -DNA hasarini ‘
-Metal gelasyonu -Kanser hiicrelerinin yagayabilirligi
-Reaktif oksijen turleri -Kanser hiicrelerinin apoptozisi Ps
-Detoksifiye enzimlerin aktlﬂlgl Amldlyabaﬂk
-Insiilin direnci

GIRIS

“Mucize aga¢” olarak da bilinen Moringa oleifera agaci, on {i¢ farkl: tiir igeren tropik ¢igekli bitki
ailesi Moringaceae familyasina aittir. Giiney Himalayalar, Hindistan, Banglades, Afganistan ve
Pakistan’in kuzey dogusuna 06zgli bir aga¢ olmakla beraber giiniimiizde Afrika, Amerika ve
Asya’nin tropikal ve subtropikal bolgelerinde de yetistirilmektedir (1). Boyu 10-12 metreye kadar
uzayabilen ¢ok yillik bir agactir. Farkli toprak, sicaklik ve yagis kosullarina uyum saglayabildigi
icin ekolojik plastisitesi yliksektir. Genellikle besleyici kabuklari, yenilebilir yapraklar: ve ¢igekleri
icin yetistirilmekte ayrica ilag, kozmetik yag ve hayvancilikta yem olarak kullanilmaktadir (2).

Antik ¢aglarda krallar ve kraliceler tarafindan M. oleifera nin yapraklar1 ve meyvelerinin zihin ve
cilt sagligimi korumak i¢in kullanilmistir (3). Hindistan’1n eski Maurya savascilarinin ekstra enerji
sagladig1 ve savas sirasinda maruz kaldiklar stres ile aciy1 hafiflettigini diistindiikleri i¢in cephede
Moringa yaprag 6zii tiikkettigi bildirilmektedir. Yetistirildigi bolgelerin insanlari tarafindan saglik
tizerine yararli etkilerinden dolay1 yaygin olarak kullanilmakta ve hastaliklar1 iyilestirici etkisi
oldugu diisliniildiigi icin “mucize aga¢” olarak adlandirilmaktadir (4).

M. oleifera’nin en ¢ok kullanilan kismi olan yapraklari gesitli vitaminler, karotenoidler, polifenoller,
fenolik asitler, flavonoidler, alkaloidler, glukozinolatlar, izotiyosiyanatlar, tanenler ve saponinler
bakimindan zengindir. M. oleifera’nin saglik {izerindeki olumlu etkilerinde igerdigi bu biyoaktif
bilesiklerin etkili oldugu disiiniilmektedir (5). M. oleifera yapraklarinin igerdigindeki biyoaktif
bilesenlerin farmakolojik 6zellikleri ¢esitli in vitro ve in vivo ¢alismalarda gosterilmistir (1,6). M.
oleifera’nin kokleri, kabugu, yapragi, meyvesi, ¢icekleri ve tohumunun antidiyabetik, hipotansif,
antiinflamatuar, antibakteriyel etkileri bulunmakla birlikte bitkinin hepatik ve renal fonksiyonlari
tyilestirdigi belirtilmistir (7,8). Ayrica oksidatif strese (1), kansere (9) kars1 koruma sagladigi ve
anne sitiini artirict (10) etkisi oldugu bildirilmistir. Bu derlemenin amaci, Moringa oleifera
bitkisinin saglik lizerine olan etkilerini incelemektir.

Besin Degeri

Moringa protein, kalsiyum ve potasyum gibi mineraller, C vitamini ve [3-karoten gibi antioksidan
bilesikler igermektedir. Bu nedenle gelismekte olan iilkelerde yasayan yetiskinler ve ¢ocuklarda sik
goriilen beslenme yetersizliklerini 6nlemek i¢in besin takviyesi olarak kullanilmaktadir (2,4,8). M.
oleifera’nin taze yaprak, kuru yaprak, yaprak tozu ve tohumunun 100 gramindaki besin 6gesi
degerleri Tablo 1°de gosterilmistir.
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Tablo 1: M. oleifera’min Taze Yaprak, Kuru Yaprak, Yaprak Tozu ve Tohumunun 100 Gramindaki Besin Ogesi
Degerleri (8,13)

Besin dgesi Taze yaprak Kuru yaprak Yaprak tozu Tohum
Enerji (kkal) 92 329 205 -
Karbonhidrat (g) 12,5 41,2 38,2 8,67
Protein (g) 6,7 29,4 27,1 2,5
Yag (g) 1,7 5,2 2,3 38,6
Posa (g) 0,9 12,5 19,2 2,87
Kalsiyum (mg) 440 2185 2003 45
Bakir (mg) 0,07 0,49 0,57 52
Demir (mg) 0,85 25,6 28,2 -
Magnezyum (mg) 42 448 368 635
Fosfor (mg) 70 252 204 75
Kiikiirt (mg) - - 870 0,05
A vitamini (mg) 1,28 3,63 16,3 -
B1 vitamini (mg) 0,06 2,02 2,64 0,05
B2 vitamini (mg) 0,05 21,3 20,5 0,06
Bsvitamini (mg) 0,8 7,6 8,2 0,2
C vitamini (mg) 220 15,8 17,3 45
E vitamini (mg) 448 10,8 113 751,6

M. oleifera’nin yaprak tozu yaklasik %38,2 oraninda karbonhidrat igermektedir. Bunun yaklasik
%20’si ise antihiperlipidemik, bagirsak sagligini iyilestirici ve antihipertansif 6zelliklere sahip diyet
posasindan olustugu bildirilmektedir (11). M. oleifera 17 ¢esit yag asidi igermekle birlikte a-
Linolenik asit %44,6’lik oranla igeriginde bulunan en yiiksek yag asididir. M. oleifera’nin besin
Ogesi igerigi, olgunlagsma diizeyi ve yetistigi bolgeye gore degisiklik gosterebilmektedir (12).

M. oleifera yapraklar1 diger bitki yapraklariyla kiyaslandiginda daha yiiksek miktarda protein
icerdigi goriilmektedir. Kurutulmus yapraklarin yaklasik %30’u ham protein ve 19 amino aside
sahiptir (12). M. oleifera tereonin, 16sin, fenilalanin, triptofan gibi ¢esitli elzem amino asitler igerir
(8). M. oleifera’nin taze yaprak, kuru yaprak ve yaprak tozunun 100 gramindaki elzem amino asit
miktarlar1 Tablo 2’de gdsterilmistir.

Tablo 2: M. oleifera’nin Taze Yaprak, Kuru Yaprak ve Yaprak Tozunun 100 Gramindaki Elzem Amino Asit Miktarlari

8
Amino asit Taze yaprak Kuru yaprak Yaprak tozu
Arjinin (g/16 gN) %6 %1,78 %1,33
Histidin (g/16 gN) %2,1 %0,716 %0,61
Lizin (g/16 gN) %4,3 %1,637 %1,32
Triptofan (g/16 gN) %1,9 %0,486 %0,43
Fenilalanin (g/16 gN) %6,4 %1,64 %1,39
Metionin (g/16 gN) %2 %0,297 %0,35
Teronin (g/16 gN) %4,9 %1,357 %1,19
Laysin (g/16 gN) %9,3 %1,96 %1,95
izoliiysin (g/16 gN) %6,3 %1,177 20,83
Valin (g/16 gN) %7,1 %1,413 %1,06

Biyoaktif Bilesenleri

M. oleifera polifenoller, saponinler, tanenler, alkaloidler gibi ¢esitli biyoaktif bilesikleri igeren
onemli bir bitkidir. M. oleifera yapraginda alkaloidler, tanenler, saponinler, izotiyosiyanat ve
glukosinolat gibi biyoaktif bilesenler saptanmistir. Yapraklarinda bulunan ana fenolik bilesikler
kaempferol, mirisetin, quarsetin, klorojenik asit, gallik asit, luteolin, vanilin ve rutindir (14) (Sekil
1). M. oleifera’nin antioksidan, antiinflamauar, antimikrobiyal gibi saglik {izerine yararl etkilerinin
bu biyoaktif bilesenlerden kaynaklandig: diisiiniilmektedir (1,6).
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Quiarsetin Kaempferol
(e}
HO
OH
HO
OH
Mirisetin Gallik asit

OH

Luteolin Rutin

Sekil 1: Moringa Oleifera Yapraklarindaki Bazi Fenolik Bilesiklerin Kimyasal Yapis1 (6)

Vitaminler

M. oleifera’nin taze yapraklari iyi bir A, C ve E vitamini kaynagidir. Bitki, bu antioksidan vitamin
icerigine bagli olarak viicudu serbest radikallere karsi korumaktadir. M. oleifera yapraklari ayrica
portakalda bulunandan daha yiiksek bir konsantrasyonda C vitamini (200 mg/100 g) ve findikta
bulunana benzer konsantrasyonlarda E vitamini (10,8 mg/100 g) icermektedir (15). M. oleifera’nin
yetigkin yapraklarinda 5,7 pg/g ile 27,8 ng/g kuru kiitle arasinda degisen yiiksek bir y-tokoferol
igerigi bulunmustur. a-tokoferol degeri ise 95,9 pg/g ile 744,5 pg/g arasinda degistigi bildirilmistir.
a-tokoferol degerindeki bu 6nemli farkliliklar bitkilerin yas1 ve ¢esitli kisimlar1 arasindaki farklilikla
aciklanmaktadir (16).

M. oleifera yapraklari pro-vitamin A potansiyeline sahip iyi bir karotenoid kaynagidir (15). M.
oleifera’da basta B-karoten (401 mg/kg kuru madde) olmak {izere ¢esitli ksantinler (neoxanthin 219
mg/kg, violaxanthin 76,5 mg/kg, zeaksantin 19,4 mg/kg) icermektedir. Ayrica Hindistan ve
Filipinler’de antioksidan vitamin igerigiyle iligkili olarak besinleri korumak i¢in taze M. oleifera
yapraklar1 kullanilmaktadir (16).
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Polifenoller

M. oleifera’nin yapraklar1 flavonoidler ve fenolik asitler gibi polifenol bilesiklerini igermektedir
(8,17). Yapraklarda bulunan baslica fenolik bilesikler; ligananlar, flavonoidler, fenolik asitler ve
bunlarin tiirevleridir. M. oleifera yapraklarinda bulunan ana flavonoidler sirasiyla 5,8, 0,207 ve 7,57
mg/g konsantrasyonlarda mirisitin, quarsetin ve kaempferoldur (18). M. oleifera yapraklarinin
metabolik ekstraktindaki toplam fenolik igerik 71,08+12,05 ile 76,63+10,63 mg GAE/g arasinda
degismektedir (19).

Alkoloidler, glukosinotlar ve izotiyosinatlar

N, a-L-ramnopiranosilvinkozamid, fenilasetonitrilpirolemerumin, 40-hidroksifeniletanamid- a-L-
ramnopiranosid ve bunun glukopiranosil tiirevi, M. oleifera yapraklarinda bulunan baslica
alkaloidlerdir (20). Bu alkaloidler ve tiirevlerinin antibakteriyel, antiinflamatuar, antitiimor,
hipotansif gibi etkileri nedeniyle yaygin olarak kullanilmaktadir. Glukosinolatlar, yapraklarda ve
tohumlarda bulunan ve 4-O-(a-L-rhamnopiranosiloksi)-benzilglukozinolatin (glukomoringin)
baslica oldugu baska bir tiir ikincil metabolittir (21,22). Tohumlarin glukosinolatlar agisindan zengin
oldugu ve igerigin yapraklara ve diger kisimlara gore ¢ok daha yiiksek oldugu bulunmustur.
Glukomoringin M. oleifera’da en ¢ok bulunan glukosinolatlardir (13).

Tanenler

Tanenler, proteinleri, alkaloidleri ve diger organik molekiilleri ¢okelten suda ¢dziiniir polifenolik
biiziicii biyomolekiillerdir. M. oleifera’nin kuru yapraklarda 13,2 ile 20,6 g tanen/kg arasinda
degisen konsantrasyonlarda tanen icerigine sahiptir (23).

Saponinler

Saponinler, seker parcalarina kovalent olarak bagli izoprenoid tiirevi aglikondan olusan M. oleifera
yapraklarindaki diger organik bilesiklerdir. Dondurularak kurutulmus yaprak igerigi 64 ile 81 g/kg
kuru agirlik arasinda degismektedir (24).

Saghik Uzerine Etkileri

M. oleifera yapraklari antioksidan aktivite, antimikrobiyal aktivite, antikanserojen etki ve
antiinflamatuar etki gibi ¢ok sayida dzellige sahiptir. Ozellikle Asya ve Afrika iilkelerinde insan ve
hayvan beslenmesi ve bir¢cok rahatsizligin tedavisi i¢in tiikketilmektedir (14). Stevens ve ark. (25) M.
oleifera’nin Nijerya’da kullanimi ile ilgili yaptiklart ¢alismada yapraklarin tibbi kullanimlari
arasinda atesin diistirtilmesi (%78,7), kulak enfeksiyonlarinin tedavisi (%71,8), kan sekerini (%65,2)
ve kan basincini (%64,7) diisiirmenin yer aldigini1 belirtmislerdir. Bu saglik {izerine yararh
etkilerinden ¢ok ¢esitli alkaloid ve sterol, polifenoller ve fenolik asitler, yag asitleri, flavanoidler ve
flavanol glikozitler, glukozinolat ve izotiyosiyanat, terpen, antosiyaninler vb.’nin sorumlu oldugu
diisiiniilmektedir (26). Ozellikle son yillarda hizla artan genetik, cevresel ve sagliksiz yasam tarzi
faktorlerinin neden oldugu bulasici olmayan hastaliklarin 6nlenmesi ve kontrolii 6nemli hale
gelmektedir. M. oleifera igerdigi besin Ogeleri ve ¢esitli bilesenleri araciligiyla normal hiicre
DNA’smin hasar gérmesini 6nleme ve kanser hiicresi apoptozisini tesvik etme gibi etkileriyle kronik
hastaliklarin 6nlenmesinde etkili olabilecegi diisiiniilmektedir (27). Toksisitesi diisiik olan M.
oleifera’nin yaygin olarak kullanilan konsantrasyonlari ¢ok az yan etkiye neden olabilmektedir.
Yapraklarin bildirilen LD50 degeri 1585 mg/kg’dir. Wistar sicanina 6400 mg/kg’a kadar dozlarda
oral yoldan verilen M. oleifera yapraklarinin sulu 6ziitii herhangi bir 6liime neden olmamistir ancak
yiiksek doz sicanlarda azalmis ve donuk hareket kabiliyetini tetiklemistir (13).

Antioksidan etkisi

M. oleifera yiiksek antioksidan igerigi ile bilinmektedir ve yaklasik 40 dogal antioksidan
icermektedir. Antioksidan aktivite, askorbik asit, B-karoten, tokoferoller, flavonoidler, fenolikler,
izotiyosiyanatlar gibi ¢esitli tipte antioksidan bilesiklerin varligina atfedilmektedir (26). Yaprak
ekstraktinin uygulanmasi, bireylerde hipoglisemi etkisi olmadan plazma malondialdehit (MDA)
seviyesini ve plazmanin ferrik indirgeme kabiliyetini korumustur (28). Diyabetik fareler iizerine
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yapilan bir ¢alismada M. oleifera kabuklarinin metanolik 6zii ile tedavi ettikten sonra, siiperoksit
dismutaz (SOD), glutatyon (GSH) aktivitelerinin oldugu gosterilmistir (29). Ayrica DPPH, ABTS",
CPZ*, Oz, H202 vb. gibi serbest radikalleri giiclii bir sekilde siipiirme yetenegine sahip oldugu
kanitlanmistir ve HL-60 hiicresinde antioksidan aktivitesi dogrulanmistir (30).

Antiinflamauar etkisi

M. oleifera’nin yaprak, meyve, tohum ve kok ekstraktlar1 astim, alerjik rinit, atopik dermatit ve
romatoid artrit gibi inflamasyonla iligkili bozukluklarin iyilestirilmesinde ¢ok eskiden beri
kullanilmaktadir (31). Antiinflamatuar aktivite igeriginde bulunan izotiyosiyanat, quercetin,
kaempferol gibi fenolik bilesiklerle iliskilendirilmektedir (26). Saleem ve ark. (32) romatoid artrit
modeli olusturduklar1 farelerde M. oleifera’nin metanolik ekstraktinin C-reaktif protein,
prostaglandin E2 ve TNF-a’nin serum konsantrasyonunu dnemli 6l¢iide azalttigini; IL-1B ve I-xB,
IL4 ve IL-10’un mRNA seviyelerini 6nemli Ol¢lide yukar1 regiile ettigini ve eklemlerdeki
histopatolojik indeksleri ve artritik indeksi 6nemli 6l¢iide onardigini gostermislerdir. M. oleifera’nin
bagisiklikla ilgili ¢oklu etkilerini, dncelikle patojenleri dogrudan ortadan kaldirarak veya NF-xB
yolu gibi sinyal yollarinin aktivitesini diizenleyerek ¢esitli bagisiklik hiicrelerinden salinan pro ve
antiinflamatuar aracilarin dengesini modiile ederek gosterdigi belirtilmektedir. M. oleifera
tohumlarinin ve yapraklarinin 6ziiniin de antiinflamatuar aktivite gosterdigi bildirilmistir. Yapragin
etil asetat 6zl diyabetik farelerde TNF-o, IL-6 ve IL-1PB’yi azalttigi, ROS ve hiperglisemiden
kaynaklanan hasar1 6nledigi gosterilmistir (33).

Antimikrobiyal etkisi

Antimikrobiyal 6zelliklerinin yapisindaki kaempferol, rhamnetin, kaempferitin, isoquercitrin gibi
bazi biyoaktif molekiiller tarafindan saglandigi disiiniilmektedir (34). M. oleifera’dan ekstrakte
edilen dogal bir flavonoid olan kaempferol, bakteri hiicre zarinin biitiinliiglinli bozarak doza baglh
antimikrobiyal etki gosterdigi bildirilmistir (3). M. oleifera’nin ¢esitli bolgelerinden elde edilen
farkli 6zlerin hem gram negatif hem de gram pozitif bakterilere kars1 antibakteriyel ozellikler
gosterdigi bildirilmistir (26). Yapilan ¢aligmalarda, M. oleifera’nin E. coli, Enterobacter aerogenes,
Klebsiella pneumonia, P. aeruginosa ve Providencia stuartii (35); V. cholera, V. vulnificus ve V.
mimicus’a (36); S. aureus, P. aeruginos’ya (37) kars1 etkili oldugu; T. mentagrophyte, Pullarium
spp., A. flavus, Penicillium spp., A. niger, A. oryzae, A. terreus ve C. Albicans’a kars1 6nemli
antifungal aktivite sergiledigi gosterilmistir (26). Bitkinin nispeten genis bir anti-mikrobiyal
spektruma sahip oldugu gosterilmekle beraber gram negatif bakterilere karsi biraz daha yiiksek
inhibitor etki gosterdigi, 6zellikle yapraklar ve tohumunun, diger kisimlarina gére daha genis bir
anti-mikrobiyal aktivite spektrumuna sahip oldugu belirtilmektedir (3). M. oleifera’da bulunan bazi
amino asitler, metal iyonlar ile etkilesime girebilmekte, bu sekilde patojenlerin etkisiz hale
gelmesini saglayan negatif yiikli bir ortam olusturmaktadir. M. oleifera’da bulunan moringa
pthtilastirict proteinlerinin kirli suyu aritma, asit-baz dengesini diizenleme ve antiseptik etkisi vardir.
Pihtilastiric1 proteinler, absorpsiyon ve ndtrlestirme islevleri araciligiyla mikroorganizmalari
topaklastirabilir ve etkisiz hale gelmesini saglar (38).

Hipolipidemik etkisi

Hiperlipidemi, kardiyovaskiiler hastalik riskini artiran bir durumdur. M. oleifera’daki bir¢ok
biyoaktif bilesen lipit homeostazinin korunmasina katkida bulunabilmektedir. M. oleifera’nin
yaprak tozu ve hidroalkolik ekstraktinin hiperkolesteremik siganlarda viicut agirligini, serum total
kolesterol, trigliserit, VLDL ve LDL diizeylerini azaltabilecegi ve serum HDL diizeylerini
artirabilecegi bildirilmistir (39). Yapilan baska bir ¢alismada da M. oleifera’nin AMPK sinyal
yolunu aktive ederek lipogenezi inhibe ettigini gosterilmistir (40).

Antidiyabetik etkisi

Diyabet ciddi komplikasyonlar1 olan yiliksek kan sekeri seviyeleri ile karakterize edilen kronik
metabolik bir hastaliktir. Saglikli beslenme, diizenli fiziksel aktivite ve normal viicut agirligini
koruma tip 2 diyabeti 6nlemede 6nemli faktorlerdendir (41). M. oleifera’nin antidiyabetik etkiler
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gosterdigi bildirilmistir. M. oleifera’nin bu etkisinin pankreasin 3 hiicrelerinin uyarilmasinda rol
oynayan ve bunun sonucunda insiilinin salinmasint saglayan terpenoidlerin ve flavonoidlerin
varligindan kaynaklanabilecegi belirtilmektedir. Ayrica igerdigi glucomoringin (glukosinolatlar),
kuersetin ve kaempferol (flavonoidler) ve asklorojenik asit gibi bilesenlerin hipoglisemik 6zellikleri
oldugu gostermistir (26). Leone ve ark. (42)’nin yirittiigi bir ¢alismada 20 g/giin M. oleifera
yapragi tozunun bireylerde postprandiyal glisemik yanitta bir azalma sagladig1 gosterilmistir. M.
oleifera kapsiillerinin, plazmadaki insiilin konsantrasyonunu iyilestirebilecegi ve PKA sinyal yolu
yoluyla insiilin salgilanmasint kolaylagtirarak diyabetik siganlarda B hiicresinin islevini
artirabilecegi gosterilmistir (43).

Hipotansif etkisi

Hipertansiyon inme, koroner arter hastaligi ve kalp yetmezligi gibi diger kardiyovaskiiler
hastaliklarin riskini artiran bir hastaliktir. Periferik vaskiiler direng, kan basincinin bir belirleyicisidir
ve Ozellikle arteriyollerde olmak Ttzere wvaskiiler diiz kasin kasilma durumu tarafindan
belirlenmektedir (44). M. oleifera’da bulunan niazinin, niazimisin, niaziminin, niazimin, niazirin,
niazicin, niazirinin gibi cesitli yaprak bilesenlerinin hipotansif ve bradikardiyak aktivitelerden
sorumlu oldugu bildirilmistir (26). Bitkinin tohum ve yaprak O6zlerinin igerdigi alkaloidler ve
flavonoidler sayesinde, anjiyotensin doniistiiriici enzimler iizerindeki inhibitor etki yoluyla kan
basincini disiirticii etkiye sahip oldugu belirtilmektedir (45). Deneysel bir hipertansif model
olusturulmus erkek Wistar si¢anlarina 3 hafta siireyle oral olarak uygulanan tedavinin (30 ve 60
mg/kg/giin) yliksek kan basincini ve tasikardiyi doza bagimli bir sekilde azaltabilecegi gosterilmistir
(46).

Antikanser etkisi

Kanser, apoptozdan kagma, sinirsiz replikasyon potansiyeli, doku metastazi ve nihayetinde habis
timor olusumuna yol acan diger genom kararsizligiyla iligkili hiicre fizyolojisi 6zellikleri gibi ¢ok
saylda uzaysal-zamansal degisiklige sahip karmagik bir hastaliktir (47). M. oleifera’nin kanser
hiicrelerinin gelisimini baskilayarak antineoproliferatif araci olarak kullanilabilecegi kanitlanmistir.
Yaprak ekstresinin kemoprotektif, sitotoksik, antihepatokarsinom, antilosemi, antimiyelomik ve
cogalmay1 Onleyici faaliyetler gosterdigi belirtilmektedir (26). Tayland’dan toplanan M. oleifera
yapraklarinin bir 6ziitlinlin kolon hiicrelerinde antiproliferatif aktivite gosterdigi; bu durumunun da
kanser ilerlemesi ve metastaz ile yakindan iligkili oldugu bildirilmistir (48). Adebayo ve ark. (49)
tarafindan yiirtitiilen bir ¢alismada meme kanserli hiicrelerde M. oleifera tohumlarinin ham etanol
ekstraktinin antiproliferatif etkiler gosterdigi saptanmistir (IC50 = 130 ug/mL). Olgunlasmamis M.
oleifera baklalarinin yaklasik %46,8 posa icerdigi ve M. oleifera baklalarmin yiiksek posa
iceriginden dolay1 kolon kanserine karsi koruyucu 6zellik gosterdigi belirtilmektedir (13).

Antiobezite etkisi

M. oleifera’nin anti-obezite etkisi, hipolipidemik, antioksidan ve antiinflamatuar kapasitesi ile
iligkili olabilecegi bildirilmistir (8). Ayrica yapraklarinin enerji iceriginin diisiik olmasindan dolay1
obez bireylerin beslenmesinde kullanilabilecegi belirtilmektedir (13).

SONUC ve ONERILER

Moringa oleifera esansiyel amino asitler, vitaminler, mineraller gibi diyet bilesenlerinin bir kaynagi
olan bir bitkidir. Ozellikle bitkinin en ¢ok kullanilan kismi olan yapraklar gesitli vitaminler,
karotenoidler, polifenoller, fenolik asitler, flavonoidler, alkaloidler, glukozinolatlar,
izotiyosiyanatlar, tanenler ve saponinler agisindan zengindir. Moringa oleifera yapraklarina
atfedilen olumlu farmakolojik Ozellikleri yapraklarinin yiiksek biyoaktif molekiil icerigi ile
aciklanmaktadir. Igerigindeki biyoaktif molekiiller 6nemli bir serbest radikal temizleme etkisine
sahiptir. Antioksidan 6zelligi ile beraber antimikrobiyal aktivite ve antiinflamatuar etki gibi
ozelliklere sahiptir Ozellikle son yillarda hizla artan genetik, gevresel ve sagliksiz yasam tarzi
faktorlerinin neden oldugu kronik hastaliklarin dnlenmesinde etkili olabilecegi diisiiniilmektedir.
DNA hasar1 azaltip kanser hiicrelerinin apoptozisini artirarak antikanserojen etki de gostermektedir.
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Diyabetin tedavisinde pankreasin B hiicrelerinin uyarilmasinda rol oynayarak instilinin salinmasini
saglayabilecegi gosterilmistir. Posa iceriginin yiiksek olmasi nedeni ile de antihiperlipidemik ve
antihipertansif etkilerinin oldugu ve bagirsak saghigini olumlu etkiledigi bildirilmistir. Bununla
birlikte icerdigi elzem amino asitler sayesinde yetersiz beslenmenin sik gortildiigii gelismekte olan
iilkelerde beslenme yetersizliklerinin 6nlenmesinde kullanilabilir. Ayrica enerji igeriginin diisiik
olmasi nedeniyle obez bireylerin beslenmesinde de kullanilabilir.

In vitro ve deney hayvanlan ile yapilan birgok caligmada M. oleifera’nin ¢ok sayida olumlu
farmakolojik ozelligi genis c¢apta incelenmis ve dogrulanmistir. M. oleifera’nin, saglikli
beslenmenin yani sira bir¢ok hastaligin tedavisi ve dnlenmesinde ucuz ve giivenilir bir alternatif
olabilecegi belirtilmektedir. M. oleifera’nin yaygin olarak kullanilan konsantrasyonlar1 ¢ok az yan
etkiye neden oldugu ve toksisitesinin diisiik oldugu gosterilmistir. Bunun yani sira, insanlar
tizerindeki etkilerine dair kanitlar yetersizdir. M. oleifera’nin insanlar tizerindeki farmakolojik
etkilerini aragtirmayr ve aymi zamanda uzun siireli kullaniminin insan sagligi tzerindeki
giivenilirligini belirlemeyi amaglayan ileri ¢calismalara ihtiyag¢ vardir.

Cikar ¢atismasi: Yazarlar ¢ikar ¢atismasi olmadigini beyan ederler.

Yazarhk katkisi: Makalenin tasarimi: SNE, KT; Makale verilerinin elde edilmesi: SNE; Verilerin
analiz edilmesi: SNE; Makale taslaginin olusturulmasi: SNE; I¢erik icin elestirel gézden gegirme:
KT; Yayinlanacak versiyonun son onay1: KT.

Maddi destek: Yazarlar maddi destek almadiklarin1 beyan ederler.

KAYNAKCA

1. Fejér J, Kron I, Pellizzeri V, et al. First report on evaluation of basic nutritional and antioxidant properties of
moringa oleifera lam. From caribbean island of saint lucia. Plants 2019;8(12):537.

2. Gandji K, Chadare FJ, Idohou R, et al. Status and utilisation of Moringa oleifera Lam: A review. Afr Crop Sci J
2018;26(1):137-56.

3. Xiao X, Wang J, Meng C, et al. Moringa oleifera Lam and its Therapeutic Effects in Immune Disorders. Front
Pharmacol 2020;11:566783.

4. Zaku S, Emmanuel S, Tukur A, et al. Moringa oleifera: An underutilized tree in Nigeria with amazing versatility: A
review. African Journal of Food Science 2015;9(9):456-61.

5. Saini RK, Sivanesan I, Keum YS. Phytochemicals of Moringa oleifera: a review of their nutritional, therapeutic and
industrial significance. 3 Biotech 2016;6(2):203.

6. Leone A, Spada A, Battezzati A, et al. Cultivation, genetic, ethnopharmacology, phytochemistry and pharmacology
of Moringa oleifera leaves: An overview. Int J Mol Sci 2015;16(6):12791-835.

7. Tshabalala T, Ndhlala AR, Ncube B, et al. Potential substitution of the root with the leaf in the use of Moringa
oleifera for antimicrobial, antidiabetic and antioxidant properties. South African Journal of Botany 2020;129:106—
12.

8. Kashyap P, Kumar S, Riar CS, et al. Recent Advances in Drumstick (Moringa oleifera) Leaves Bioactive
Compounds: Composition, Health Benefits, Bioaccessibility, and Dietary Applications. Antioxidants
2022;11(2):402.

9. Jung IL. Soluble Extract from Moringa oleifera Leaves with a New Anticancer Activity. PLoS One
2014;9(4):e95492.

10. Fungtammasan S, Phupong V. The effect of Moringa oleifera capsule in increasing breastmilk volume in early
postpartum patients: A double-blind, randomized controlled trial. PLoS One 2021;16(4):e0248950.

11. Sharma K, Kumar M, Waghmare R, et al. Moringa (Moringa oleifera Lam.) polysaccharides: Extraction,
characterization, bioactivities, and industrial application. Int J Biol Macromol 2022;209:763-78.

12. Moyo B, Masika PJ. Nutritional characterization of Moringa (Moringa oleifera Lam.) leaves. J Biotechnol
2011;10(60):12925-33.

13. Wang F, Bao Y, Zhang C, et al. Bioactive components and anti-diabetic properties of Moringa oleifera Lam. Crit
Rev Food Sci Nutr 2022;62(14):3873-97.

14. Prabakaran M, Kim SH, Sasireka A, et al. Polyphenol composition and antimicrobial activity of various solvent
extracts from different plant parts of Moringa oleifera. Food Biosci 2018;26:23-9.

15. Vergara-Jimenez M, Almatrafi MM, Fernandez ML. Bioactive Components in Moringa Oleifera Leaves Protect
against Chronic Disease. Antioxidants 2017;6(4):91.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 141


141


Ercan ve ark. Moringa Oleifera ve Saglik Etkileri

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Ferreira PMP, Farias DF, Oliveira JTDA, et al. Moringa oleifera: bioactive compounds and nutritional potential.
Revista de Nutrigdo 2008;21(4):431-7.

Rahman MM, Rahaman MS, Islam MR, et al. Role of Phenolic Compounds in Human Disease: Current Knowledge
and Future Prospects. Molecules 2022;27(1):233.

Coppin JP, Xu Y, Chen H, et al. Determination of flavonoids by LC/MS and anti-inflammatory activity in Moringa
oleifera. J Funct Foods 2013;5(4):1892-9.

Rodriguez-Pérez C, Quirantes-Piné R, Fernandez-Gutiérrez A, et al. Optimization of extraction method to obtain a
phenolic compounds-rich extract from Moringa oleifera Lam leaves. Ind Crops Prod 2015;66:246-54.
Sahakitpichan P, Mahidol C, Disadee W, et al. Unusual glycosides of pyrrole alkaloid and 4 0-
hydroxyphenylethanamide from leaves of Moringa oleifera. Phytochemistry 2011;72:791-5.

Amaglo NK, Bennett RN, lo Curto RB, et al. Profiling selected phytochemicals and nutrients in different tissues of
the multipurpose tree Moringa oleifera L., grown in Ghana. Food Chem 2010;122(4):1047-54.

Xie J, Peng LJ, Yang MR, et al. Alkaloid Extract of Moringa oleifera Lam. Exerts Antitumor Activity in Human
Non-Small-Cell Lung Cancer via Modulation of the JAK2/STAT3 Signaling Pathway. Evid Based Complement
Alternat Med 2021;2021:5591687.

Teixeira EMB, Carvalho MRB, Neves VA, et al. Chemical characteristics and fractionation of proteins from
Moringa oleifera Lam. leaves. Food Chem 2014;147:51-4.

Augustin JM, Kuzina V, Andersen SB, et al. Molecular activities, biosynthesis and evolution of triterpenoid
saponins. Phytochemistry 2011;72(6):435-57.

Stevens GC, Baiyeri KP, Akinnagbe OM. Ethno-medicinal and culinary uses of Moringa oleifera Lam. in Nigeria
Evaluation View project Agricultural Extension and Communication Technology View project. Article in Journal
of Medicinal Plant Research 2013;7(13):799-804.

Dhakad AK, Ikram M, Sharma S, et al. Biological, nutritional, and therapeutic significance of Moringa oleifera
Lam. Phytotherapy Research 2019;33(11):2870-903.

Lin M, Zhang J, Chen X. Bioactive flavonoids in Moringa oleifera and their health-promoting properties. J Funct
Foods 2018;47:469-79.

Ngamukote S, Khannongpho T, Siriwatanapaiboon M, et al. Moringa Oleifera leaf extract increases plasma
antioxidant status associated with reduced plasma malondialdehyde concentration without hypoglycemia in fasting
healthy volunteers. Chin J Integr Med 2016;1-6.

Habowski AN, Flesher JL, Bates JM, et al. Transcriptomic and proteomic signatures of stemness and differentiation
in the colon crypt. Communications Biology 2020 3:1. 2020;3(1):1-17.

Sugahara S, Chiyo A, Fukuoka K, et al. Unique antioxidant effects of herbal leaf tea and stem tea from Moringa
oleifera L. especially on superoxide anion radical generation systems. Biosci Biotechnol Biochem
2018;82(11):1973-84.

Lee HJ, Jeong YJ, Lee TS, et al. Moringa fruit inhibits LPS-induced NO/iNOS expression through suppressing the
NF-k B activation in RAW264.7 cells. Am J Chin Med (Gard City N Y) 2013;41(5):1109-23.

Saleem A, Saleem M, Akhtar MF, et al. Moringa rivae leaf extracts attenuate Complete Freund’s adjuvant-induced
arthritis in Wistar rats via modulation of inflammatory and oxidative stress biomarkers. Inflammopharmacology
2020;28(1):139-51.

Bamagous GA, al Ghamdi SS, Ibrahim IAA, et al. Antidiabetic and antioxidant activity of ethyl acetate extract
fraction of Moringa oleifera leaves in streptozotocin-induced diabetes rats via inhibition of inflammatory mediators.
Asian Pac J Trop Biomed 2018;8(6):320.

Farooq F, Rai M, Tiwari A, et al. Medicinal properties of Moringa oleifera: An overview of promising healer.
Acrticle in Journal of Medicinal Plant Research 2012;6(27):4368-74.

Dzotam JK, Touani FK, Kuete V. Antibacterial and antibiotic-modifying activities of three food plants
(Xanthosoma mafaffa Lam., Moringa oleifera (L.) Schott and Passiflora edulis Sims) against multidrug-resistant
(MDR) Gram-negative bacteria. BMC Complement Altern Med 2016;16(1):1-8.

Brilhante RSN, Sales JA, de Souza Sampaio CM, et al. Vibrio spp. from Macrobrachium amazonicum prawn
farming are inhibited by Moringa oleifera extracts. Asian Pac J Trop Med 2015;8(11):919-22.

Onsare JG, Arora DS. Antibiofilm potential of flavonoids extracted from Moringa oleifera seed coat against
Staphylococcus aureus, Pseudomonas aeruginosa and Candida albicans. J Appl Microbiol 2015;118(2):313-25.
Matouqg M, Jildeh N, Qtaishat M, et al. The adsorption kinetics and modeling for heavy metals removal from
wastewater by Moringa pods. J Environ Chem Eng 2015;3(2):775-84.

Helmy SA, Morsy NFS, Elaby SM, et al. Hypolipidemic Effect of Moringa oleifera Lam Leaf Powder and its
Extract in Diet-Induced Hypercholesterolemic Rats. J Med Food 2017;20(8):755-62.

Xie J, Wang Y, Jiang WW, et al. Moringa oleifera Leaf Petroleum Ether Extract Inhibits Lipogenesis by Activating
the AMPK Signaling Pathway. Front Pharmacol 2018;9:1447.

WHO. Diabetes [Internet]. 2022 [Erisim tarihi: 11.11.2022]. Erisim adresi: https://www.who.int/news-room/fact-
sheets/detail/diabetes

Leone A, Bertoli S, di Lello S, et al. Effect of Moringa oleifera Leaf Powder on Postprandial Blood Glucose
Response: In Vivo Study on Saharawi People Living in Refugee Camps. Nutrients 2018;10(10).

Hafizur RM, Maryam K, Hameed A, et al. Insulin releasing effect of some pure compounds from Moringa oleifera
on mice islets. Medicinal Chemistry Research 2018;27(5):1408-18.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 142


142


Ercan ve ark. Moringa Oleifera ve Saglik Etkileri

44. Touyz RM, Alves-Lopes R, Rios FJ, et al. Vascular smooth muscle contraction in hypertension. Cardiovasc Res
2018;114(4):529-39.

45. Abdulazeez A, Ajiboye O, Wudil A, et al. Partial Purification and Characterization of Angiotensin Converting
Enzyme Inhibitory Alkaloids and Flavonoids from the Leaves and Seeds of Moringa oleifera. J Adv Biol
Biotechnol 2016;5(2):1-11.

46. Aekthammarat D, Pannangpetch P, Tangsucharit P. Moringa oleifera leaf extract lowers high blood pressure by
alleviating vascular dysfunction and decreasing oxidative stress in L-NAME hypertensive rats. Phytomedicine
2019;54:9-16.

47. Teoh ST, Lunt SY. Metabolism in cancer metastasis: bioenergetics, biosynthesis, and beyond. Wiley Interdiscip
Rev Syst Biol Med 2018;10(2):e1406.

48. Tragulpakseerojn J, Yamaguchi N, Pamonsinlapatham P, et al. Anti-proliferative effect of Moringa oleifera Lam
(Moringaceae) leaf extract on human colon cancer HCT116 cell line. Tropical Journal of Pharmaceutical Research.
2017;16(2):371-8.

49. Adebayo IA, Arsad H, Samian MR. A ntiproliferative effect on breast cancer (MCF7) of Moringa oleifera seed
extracts. Afr J Tradit Complement Altern Med 2017;14(2):282—7.

Siileyman Demirel Universitesi Saglik Bilimleri Dergisi 143


143


