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Abstract

Introduction: This study aimed to examine the variables related to leukemia
treatment with age, gender, and perceived parental attitudes that may affect
adolescent leukemia survivors’ peer relations, social support, and self-esteem when
they return to school.

Materials and Methods: ALL and AML survivors between 12-17 years of age were
recruited if they completed treatment (in remission) and are schooling. Participants’
treatment duration is 1 to 2 years. Some survivors are treated with cranial radiation,
but none have a bone marrow transplant. Dependent variables were obtained from,
The Parent Attitude Scale, Self-Esteem Rating Scale-Short Form, Peer Relations Scale,
and Social Support Assessing Scale for Children and Adolescents.

Results: The female participants had more negative self-esteem, received less
support from their teachers, less trust and identification, and commitment to peers,
and received their fathers more autocratic than male participants. The results show
that none of the leukemia-related variables (leukemia type, duration of treatment,
duration of schooling, and receiving radiation treatment) differ through self-
esteem, peer relations, and perceived social support. The results also show that
the perception of the father as authoritative, lower teacher support, and lower
commitment to peers could predict self-esteem.

Conclusion: The study’s findings might point out that not only do leukemia treatment
characteristics affect social functioning. Perceived authoritarian parenting, teacher
support, and peer relations such as commitment are essential, especially in self-
esteem.

0z

Giris: Bu calisma, losemili ergenlerin okula dondiiklerinde akran iliskilerini,
sosyal destegini ve benlik saygisini etkileyebilecek yas, cinsiyet, algilanan ebeveyn
tutumlari ile 16semi tedavisi 6zelliklerini incelemeyi amaglamistir.

Gere¢ ve Yontem: ALL ve AML tanisi almis, 12-17 vyaslari arasinda ergenler,
tedavilerini tamamlamis (remisyonda) ve okula gidiyorlarsa calismaya alinmistir.
Katilimcilarin tedavi siiresi 1 veya 2 yildir. Ergenlerden bazilari kraniyal radyasyonla
tedavi edilmis, ancak hicbirinde kemik iligi nakli yapiilmamistir. Bagimli degiskenler,
Ebeveyn Tutum Olcegi, Benlik Saygisi Olgegi-Kisa Form, Akran iliskileri Olcegi ve
Cocuk ve Ergenler icin Sosyal Destegi Degerlendirme Olceginden elde edilmistir.
Bulgular: Kiz ergenlerin, erkek ergenlere gore daha fazla olumsuz benlik saygisi
oldugu, 6gretmenlerinden daha az sosyal destek algiladigi, akranlariyla daha az
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giiven ve ozdeslesme ile baglilik gelistirdikleri ve babalarini daha otoriter algiladiklari bulunmustur. Losemi ile ilgili degiskenlerin
benlik saygisi, akran iliskileri ve algilanan sosyal destek acisindan farklilik gostermedigini bulunmustur. Sonuclar ayrica babanin
otoriter olarak algilanmasinin, algilanan dustk ogretmen desteginin ve akranlara distk bagliligin benlik saygisini yordadigini

gostermektedir.

Sonug: Calismanin bulgular, sadece l6semi tedavi 6zelliklerinin sosyal islevselligi etkilemedigini gosterebilir. Algilanan otoriter
ebeveynlik, 6gretmen destegi ve baghlik gibi akran iliskileri, 6zellikle benlik saygisinda énemli olabilmektedir.

Introduction

Acute leukemia treatments in childhood and adolescence
brought the 5-year survival rate to more than 80%, leading
some psychologically oriented studies to examine the
adaptation of the survivors to their lives after treatment (1).

Although these studies yield different results, likely due
to differences in design, study interval, or sample size, they
generally show a decrease in quality of life (2-4), an increase
in psychiatric problems (5,6), and a decline in neurocognitive
abilities (7-9).

Some of the problems reported before may be due to the
treatment itself. The treatment characteristics of leukemia
are receiving a high dose of cortisol, and intravenous and
intra-cranial chemotherapies might cause prolonged
hospitalization due to neutropenia with oral mucous.
Whether or not to receive radiation during the treatment
(as are t-cell acute lymphoblastic leukemia (ALL) patients),
receive high-risk treatment protocol (as are acute myeloid
leukemia (AML), or have a bone marrow transplant (among
high relapse risk patients) may impose an extra burden on
patients. Getting radiation therapy prolongs the treatment
duration by a few months, and having bone marrow
transplants is up to one year in some cases. These treatment
characteristics bring more social isolation due to side effects
and prolonged treatment duration.

In our country, Berlin-Frankfurt-Muinster Chemotherapy
(10) protocol is used to treat ALL and AML widely. According
to these protocols, treating ALL takes approximately two
years, and AML takes at least one year. During this treatment
period, leukemia patients experience severe social isolation
(the patients cannot go to school, spend very little time with
their peers, and cannot attend social activities or courses)
primarily due to neutropenia.

After the treatment period, adolescents in return to school
and social life soon. However, both their classes and possibly
their friend group have changed. When they return to social
life, the side effects of the treatment (weakness, baldness,
malaise) might continue, which could expect this situation
to affect self-esteem, as identify “a set of self-attitudes that
reflects a description and an evaluation of one’s behavior
and attributes”, negatively (11).
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The quality of the relationship with parents in early life
shapes self-esteem dominantly. Self-esteem is a mental self-
representation first built from early relations with parents.
The relationship with parentsis generally studied as parenting
styles (authoritarian, indulgent, authoritative, and neglectful)
are differently associated with positive or negative impacts
on developmental outcomes, including personal and social
adjustment (12). The authoritative style has been associated
with the best socialization outcomes, but the authoritarian
style is most closely associated with externalizing problems
(13). Cross-sectional studies found small to moderate positive
associations of authoritative parenting with self-esteem,
while authoritarian and neglectful parenting was related to
lower self-esteem (14).

Social development issues occur through social
interaction with family and society, but leukemia treatment
might affect them negatively. Can those survivors quickly
return to social life? Some recent studies show that this is
not the case. A study shows that by increasing age and when
pediatric patients have received a hematopoietic stem cell
transplantation at the stop-therapy time, their perception of
relationships at school and academic performance decreases
(15). Experiences of social isolation evolved as survivors grew
through childhood, adolescence, and young adulthood (16).
Feelings of alienation from friends, difficulty in studying,
being stuck being different from others, apologetic feelings
for family, and feelings of uncertain future (17). Survivors’
global self-worth scores were significantly lower than those
of sibling controls (18). Higher treatment severity is often
associated with more late effects, which can be physical,
somatic, or psychological (19). Survivors with more aggressive
therapy, including cranial radiation (as are AML and ALL-
HR treatment), would report lower self-esteem scores, as
suggested in the study of Hill et al. (20).

Thus, might perceived parental attitudes and leukemia
treatment characteristics impact survivors’ social relations
and self-esteem at the end of the treatment? What awaits
adolescents who return to social life? Should we expect
adolescents to have positive social functions? Could the
types of leukemia and different treatment characteristics
(duration of treatment and getting radiation treatment,
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etc.), parental attitudes, or how long they have been
attending school (or schooling time) have a predictive
effect on social relations and self-esteem among survivors?
We expect that exposure to radiation during treatment,
having AML-type leukemia because of a more extended
hospital stay, might cause more infectious diseases and
high-risk treatment, the prolongation of the total duration
of treatment, and less time spent at school will negatively
affect self-esteem, peer relations and perceived social
support. Besides, gender, age, and perceived parenting
attitudes contribute to these variables examined. Based on
that, we developed the following research questions, are
gender, age, perceived parenting attitudes, leukemia type,
duration of treatment, duration of schooling, and receiving
radiation treatment make a difference in peer relations
and perceived social support and self-esteem? (research
question 1)

Which gender, age, perceived parenting attitudes,
leukemia type, duration of treatment, duration of schooling,
and received radiation might predict leukemia survivors’
peer relations, perceived social support, and self-esteem?
(research question 2)

Materials and Methods

This study was conducted in the Pediatric Oncology-
Hematology Hospital in Bursa, Turkiye, in the 2022 late
autumn and 2023 early spring.

Participants

ALL and AML survivors between 12-17 years of age were
recruited through follow-up clinics in our hospital. All the
participants have completed treatment (in remission) and
are schooling. Participants’ treatment duration is 1 to 2
years. Some survivors treat with cranial radiation, but none
have a bone marrow transplant. Participants matched with
the exact socio-economic (middle) background. See Table 1
for information on the participants.

Data Collection Procedures

All  participants and guardians provided written
informed consent to participate in the study. Those willing
to participate, which totaled 54 individuals, were directed to
informed consent obtained from all participants in the study.
The study was approved by Ethics Committees in Uludag
University Medical University Ethical Committee (date:
08.06.2022 approval number: 2022-12/9).

One psychologist conducted data collection. Participants
were individually invited to the hospital interview room and

responded to all measures using Likert-type scales. All data for
the study were collected in one session. Socio-demographic
characteristics were assessed through a short questionnaire.

Data Collections

The scales evaluate mother-father parenting attitudes,
self-esteem, peer relations, and perceived social support
assessment.

The Parent Attitude Scale

The Parent Attitude Scale was developed by Lamborn,
Mounts, Steinberg, and Dornbush (21). The scale has three
dimensions; support, control, and psychological autonomy.
The support dimension aims to measure how children
perceive their parents as caring, involved, and involved. The
size of control seeks to measure how controlling both parents
are separate. Finally, the measurement of psychological
autonomy aims to estimate how much they apply the
mother’s and father’s democratic attitude and to what extent
they encourage their individuality. According to the answers
given to the three sub-dimensions, parental perspectives
are evaluated from authoritarian to democratic styles. It
is a 5-point Likert-type scale with responses ranging from
strongly disagree (1 point) to agree (5 points) completely.
When reverse-coded items are changed, low scores indicate
authoritarian parenting style perception. Yilmaz (22)

Table 1. Participant characteristics

Characteristics N Percentile

Age

14-15 15 27,8%

12-13 17 31,5%

16-17 22 40,7%

Coder 2 |an
32 59,3%

Male

/kilikemla type 40 741%

0,

AML 14 25,8%

Cranial radiation therapy

No 40 74.1%

Yes 14 25,8%

Treatment duration -

1 year 4 22.2%

2 years 78,8%

Schooling duration

Up to 6 months 12 222 %

6 months- 1 year 19 35,2 %

1-2 years 23 42,6%

J Curr Pediatr 2026;24(2):59-68
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conducted a validity and reliability study of the scale in our
country (22).

Self-Esteem Rating Scale-Short Form

The scale reliability and validity studies were carried out
by Cuhadaroglu (23). The Turkish validity and reliability study
of the RBSS points to high self-esteem, 2-4 points to medium
self-esteem, and 5-6 points to low self-esteem. The positively
and negatively charged items are listed sequentially. 1. 2.
4. 6. 7. items positive, 3. 5. 8. 9. 10. items are negatively
loaded. 4-point Likert-type scale with responses ranging from
strongly agree (1 point) to disagree (5 points) completely
strongly. When reverse-coded items are changed, a low score
on the scale scores high self-esteem; a high score indicates
low self-esteem.

Peer Relations Scale

The scale was developed to evaluate peer relationships
in our country by Kaner (24) and has four subscales. The
commitment subscale assesses adolescents’ feelings of
closeness and love for each other. The trust and identification
subscale measures the degree of trust and identification that
adolescents have with each other, and the self-disclosure
subscale measures how well they can express themselves
with their friends. The loyalty subscale measures their loyalty
to their friends even if they are in trouble. The Cronbah-
alpha value of the subscales ranged from 0.58 to 0.86. On
the other hand, test-retest reliability ranged from 0.77 to
0.93, a 5-point Likert-type scale with responses ranging from
strongly agree (1 point) to disagree (5 points) completely. A
low score on the ranking points to high friendship relations.

Social Support Assessing Scale for Children and
Adolescents

The scale developed by Dubow and Ullman (25) assesses
children’s family, friends (close friends and class friends), and
teachers perceived perceptions of social support. The items
measure the extent to which the child evaluates themself
as someone loved, cared for, valued, and accepted by their
social network. The items measure the time to which the
child considers themself as someone loved, cared for, valued,
and accepted by their social network. The scale consists of 3
subtests; perceived friend, family, and teacher support, and
consists of 41 items. A low score on the ranking points means
high perceived support from friends, family, and teachers.
Gokler (26) carried out reliability and validity studies in our
country.

J Curr Pediatr 2026;24(2):59-68

Statistical Analysis

In this study, gender, age, perceived parental attitudes,
leukemia type, receiving radiation therapy, duration
of treatment, and duration of schooling were used as
independent variables. The dependent variables were
self-esteem, peer relations, and perceived social support
(perceived family, peers, and teacher support; commitment,
trust and identification, loyalty, and self-closure to peers). We
ran the analysis with IBM SPSS version 22 and used p < 0.05
for the significance level. Descriptive statistics characterized
the demographic and clinical characteristics of the sample.
The data observed was customarily distributed and
homogeneous (according to Skewness and Kurtosis analysis).
Univariable testing (e.g., Pearson correlation, ANOVA) and
linear regression analysis assessed associations with scores
among variables of interest.

Results

The mean and standard deviation values of the study are
shown in Table 2.

According to the results of the correlation analysis
performed to evaluate which independent variables have a
significant relationship with the dependent variables, gender
and self-esteem scores (r= -,050; p <.001), teacher support
(r=,438; p<.001), commitment (r= -,482; p <.000), trust and
identification (r= -442; p<.001) and the father’s attitude
(r=,269; p < 0.05) were significantly correlated. There is
a positive correlation between the father's perception of
autocratic and low support from teachers and the female
gender. Being female negatively correlates with self-esteem,
commitment, trust and identification to peers Table 3.

To answer our first research question (are gender, age,
perceived parenting attitudes, leukemia type, duration of
treatment, duration of schooling, and receiving radiation
treatment make a difference in peer relations and perceived
social support and self-esteem?) we conducted an ANOVA
analysis.

According to results, gender and self-esteem (F=17,22; df
(n; p<.000) teacher support (F=12,32; df (1); p < .001)
commitment to peers (F=15,75; df (1); p<.000) trust and
identification to peers (F=12,65; df (1); p<.001) and perceived
father attitude (F=4,05; df (1); p<.05) were significantly
different. The female participants had more negative self-
esteem, received less support from their teachers, less trust
and identification, and commitment to peers, and received
their fathers more autocratic than male participants. The
results show that none of the leukemia-related variables
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Tablo 3. Results of linear regression analysis predicting the self-esteem

Model 3 B t Sig.
Constant 36,763 3,873 0,000
Father attitude -,088 -2,377 0,02
Teacher support -,366 -1,872 0,51
Peer commitment 510 5,272 0,000
p< .05

shorter schooling time, longer treatment received, high-risk
protocol, and radiotherapy would adversely affect these
social relations.

Some previous research found no difference in self-
esteem scores among adolescent leukemia survivors between
control groups (27) or only differed in favor of the female
gender (28). Still, other studies found significantly lower self-
esteem scores among leukemia survivors (2,29).

However, the current study found differences explicitly
based on gender, not leukemia treatment characteristics. Girls
received lower self-esteem, teacher support, commitment,
trust and identification to peers and perceived their fathers as
more authoritarian. The girls’ low self-esteem was predicted
by the perception of an authoritarian father, low perceived
teacher support, and low commitment to their peers.

It has been reported in the literature that girls may
have lower self-esteem during adolescence, which may be
observed more frequently in societies where gender roles are
dominant. At the same time, considering that body image is
highly effective on self-esteem, the appearance characteristics
of girls (shorter hair, cracks in the skin, physical weakness,
etc.) during their return to school may have affected their
self-esteem more negatively. A study conducted in Turkiye
found that high school female students’ dissatisfaction with
their body image was positively associated with low self-
esteem (30).

Why is the effect of perceiving the father as more
authoritarian on self-esteem more effective in girls? As is
known, uncompromising, insensitive parenting attitudes
are associated with low self-esteem (31,32). Adolescents with
warm, caring parents are more likely to develop positive self-
esteem (33). According to a study, adolescent girls think that
their families have an authoritarian parental attitude; male
adolescents have a democratic parental attitude toward their
families. The results show that the democratic parenting style
and high self-esteem are highly related (34). In this study, we
observe that female adolescents perceived more authoritarian
fathers and low self-esteem, regardless of the characteristics
of leukemia treatment, similar to earlier studies.

Our study also observed that self-esteem is predicted by
the perception of the father as authoritarian, low perceived
support from the teacher, and low commitment to friends.

Perceived attitudes from parents significantly predict
self-esteem throughout adolescence (35). Multiple studies
have found that authoritative parents, who maintain high
expectations for their children in the context of a close
and affectionate relationship, tend to have better-adjusted
adolescents in several areas, including self-esteem (36).
Caring, supportive relations with non-related adults, such
as teachers, can be fundamental to the development of
adolescents’ self-esteem and reflects the totality of the
individual's thoughts and emotions regarding the self.
Besides family and friends, teachers are essential sources of
support for the adolescent. Teachers need to deal with the
students’ problems, play a supportive role, and be models for
the children in developing their self-esteem. The supportive
attitude of the teacher can also increase the support of
friends. Self-esteem is positively shaped by the support
received from these social support sources, essential for
adolescents. Perceived teachers’ support is critical for boys’
and girls’ positive self-esteem (37,38). A study found that,
for both boys and girls, changes in perceptions of teachers’
support reliably predicted changes in both self-esteem
and depression. In particular, those students perceiving
increasing teacher support showed corresponding decreases
in depressive symptoms and increases in self-esteem (39).

Two recent studies on peer commitment among
adolescents in our country found that female adolescents
had more commitment than males (40,41), which differs
from our study. According to Patrick et al. (42), although
female adolescents have the same level of commitment to
peers, they mentioned receiving negative peer attention
more frequently than males and more often cited social
dissatisfaction as a significant contributor to decreased
involvement or quitting. Perhaps, returning to school with
treatment visible side effects, female adolescents feel more
uncomfortable and have the anxiety to fear being different
from males of the same gender. Those results may also

J Curr Pediatr 2026;24(2):59-68
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explain why their loyalty, trust and identification with peers
scores were significantly lower than that of males.

Although there were differences in the current study
of social and peer relationships according to gender
and perceived parenting attitudes, leukemia treatment
characteristics did not affect these variables. Previous studies,
for example, Tremolada et al. (15) report that childhood
AML survivors with a high-risk treatment were more at risk
in their self-esteem. Some survivors expressed that they
encountered peer rejection in school. It has been reported
that survivors have low self-esteem, especially in terms of
interpersonal relationships, and suffer from anxiety about
peer relationships (43). Negative experiences with peers
(bullying related to cancer, physical appearance, and chronic
problems) may make it difficult for the survivors to adapt to
school. Continuing education at a lower level compared to
their peers can be disturbing. In addition, they are worried
about the possible attitude of their teachers and friends.
The support of friends, teachers, and the healthcare team
ensures a positive experience returning to school.

The reasons for experiencing problems in social relations
and returning to social life at the end of the treatment have
been reported such as discrimination (44), low self-esteem,
especially in terms of interpersonal relationships, suffering
from anxiety about peer relationships, and negative
experiences with peers (bullying related to cancer, physical
appearance, and chronic problems) may make it difficult for
the survivors to adapt to school (15).

Generally, in our country, making fun of or humiliating
people who have had something terrible happen to them
is perceived as horrible behavior and is avoided. The idea
that making fun of it happens to you is shared. For this
reason, adolescents treated for leukemia are less likely to be
excluded in social settings or schools for only that situation,
which might have prevented them from having trouble with
social relations.

According to Arpaci et al. (45), adolescents who are
not included in the disease and treatment process and
are not adequately informed feel worthless. However,
doctors and psychologists in our hospital give adolescents
continuous information about their disease and treatment
process. That approach might lessen the treatment burden
reported.

Additionally,  theater/art  performances, birthday
celebrations, sharing experiences when they return to school,
celebrations on New Year’s, and religious holidays are held
regularly for pediatric patients undergoing cancer treatment.
There is a group activity hall and play therapy unit in our
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hospital. Patients often receive gifts, which might let less
effect on treatment.

As the reasons for this, we suggest that humiliating
leukemia patients are sporadic in our country, adolescents are
informed about the disease and treatment from the moment
of diagnosis, and their participation in treatment and social
activities during treatment in the hospital can alleviate the
treatment burden. It can be said that according to our research
results, the gender of the girl and the authoritarian perception
of the father, not the treatment itself only, harm social
relations and self-esteem after leukemia treatment. Especially
adolescent girls survivors may need to be supported in social
and peer relations, as well as their physical examinations and
psychological review regularly.

Conclusion

Leukemia treatment characteristics might burden
patients’ mental health and social life even after the end
of the treatment. Especially in adolescence, when social
development areas proliferate, being away from the social
environment due to neutropenic isolation could affect social
ability negatively. However, our findings might point out that
not only do leukemia treatment characteristics affect social
functioning. Perceived authoritarian parenting, perceived
teacher support, and peer relations such as commitment
are essential, especially in self-esteem. Future research with
more participants may include more variables (the total
length of hospital stay or socialization times, the duration
of mucositis or other infections experienced by the patients),
which may also affect the results.

To the best of our knowledge, this is the first study in
our country to evaluate the post-treatment self-perceptions
and social relationships of adolescents treated for leukemia
in relation to treatment characteristics. our study may
contribute to increased interest in the fact that returning to
normal life after serious treatments may be full of difficulties
and lead to other studies.
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Abstract

Introduction: Esophageal atresia (EA) is a disease that is accompanied by other
concomitant systemic anomalies in 30-70% of cases. In this study, we aimed to
evaluate the antenatal and postnatal factors that influence mortality in patients
with EA, examine the relationship between these factors and mortality and compare
the effectiveness of mortality classification defined in the literature in assessing
mortality.

Materials and Methods: This retrospective study examined records of patients
diagnosed with EA who were hospitalized between 2010 and 2020 in the NICU.
Patient demographics, additional congenital anomalies, and Montreal, Bremen,
and Spitz mortality classifications were evaluated.

Results: A total of 71 patients were included in the study. The mean gestational
week of the patients was 35.7 + 2.5, and the mean birth weight was 2382 + 715 g.
The mortality rate was 29.5% (21/71).

All patients with three or more concomitant anomalies had died. All mortality
classifications were significant in predicting mortality. Low birth weight,
prematurity, low APGAR score, presence of preoperative pneumonia, and presence
of preoperative intubation were concluded to be significant in predicting mortality.
The highest correlation between mortality and classification systems was found for
the Montreal classification.

Conclusion: The identification of risk factors determining mortality remains
controversial. Prematurity, a low APGAR score, the presence of more than three
anomalies, preoperative pneumonia, and the need for invasive mechanical

Keywords

Esophageal atresia (EA), tracheoesophageal
fistula, mortality, neonates, mortality
classification

Anahtar kelimeler
Ozafagus atrezisi, trakeoozofageal fistiil
(TOF), mortalite, yenidogan, mortalite

skorlamasi ventilation have been found to increase mortality in EA. In conclusion, there is a
. . .- need for new classification systems that evaluate various parameters that affect

tz:;z://f(gtiﬁ::;;ﬂ : 822}2;852 mortality, including multiple congenital anomalies.
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incelenmistir. Hastalarin demografik ozellikleri, ek konjenital anomalileri yaninda Montreal, Bremen ve Spitz mortalite skorlari
kaydedildi.

Bulgular: Calismaya toplam 71 hasta dahil edildi. Hastalarin ortalama gestasyon haftasi 35.7 £+ 2.5, dogum agirlig1 2382 &+ 715 gr idi.
Mortalite orani %29.5 (21/71) idi.

Eslik eden anomali sayisi Ui¢ ve tizeri olan tiim hastalar kaybedildi. Dusiik dogum agirlig, prematirite, APGAR skorunun dustik olmasi,
operasyon éncesi pnémoni ve invaziv mekanik ventilasyon ihtiyaci mortaliteyi ongérmede anlamli saptandi (p<0.001, p= 0,035,
p=0.03, p<0,001, p<0.001). Mortalite skorlarinin hepsi mortaliteyi 6n gormede anlamli saptandi. Mortalite ve skorlama sistemleri
arasinda en yuksek korelasyon ise Montreal siniflamasinda bulundu (r=0.71, p <0,001).

Sonuc: TOFlii hastalarda, mortaliteyi belirleyen risk faktorlerinin tanimlanmasi tartismali olmaya devam etmektedir. Prematiire
dogum, dusiik APGAR skoru, ticten fazla konjenital anomalinin varligi, ameliyat 6ncesi pnomoni ve invaziv mekanik ventilasyon
ihtiyacinin TOFte mortaliteyi arttirdi@i bulunmustur. Sonu¢ olarak, coklu konjenital anomaliler dahil olmak iizere mortaliteyi

etkileyen cesitli parametreleri degerlendiren yeni siniflandirma sistemlerine ihtiyac vardir.

Introduction

Esophageal atresia (EA)/tracheoesophageal fistula (TEF)
is a disease first described in 1670 and can present with
multiple anomalies (1). Its etiology is largely unknown;
however, it is thought to be multifactorial (2). Although
different incidences are reported in different countries, it is
considered to occur in 1 in 2500 live births (2).

There are other concomitant systemic anomalies in 30-
70% of infants with TEF. These are congenital heart disease
(CHD), urinary system anomalies, gastrointestinal system
anomalies, neurological system anomalies, and skeletal
system anomalies (2). One of the most common associated
congenital anomalies is VACTERL association (vertebral,
anorectal, cardiac, tracheoesophageal, renal, and limb
anomalies). Various mortality risk classifications have been
used to determine patient mortality (3).

The Waterston classification was first defined in 1962,
after which the Montreal, Bremen, and Spitz classifications
were introduced (4). These classifications evaluate the
patient’s birth weight, cardiac pathology, congenital
anomalies, and inability to wean from the ventilator and
may sometimes fail to adequately predict mortality in most
patients. In this study, in addition to these parameters, we
also assessed the effectiveness of antenatal and postnatal
characteristics of patients, operative time, clinical conditions
such as preoperative pneumonia and sepsis, duration of
invasive mechanical ventilation before and after surgery, and
concomitant neonatal morbidities in predicting mortality.

We aimed to evaluate the aforementioned factors
that influence mortality in patients with TEF, examine
the relationship between these factors and mortality
and morbidity, and compare the mortality classifications
defined in the literature. Thus, we aimed to establish what
parameters could be considered when creating a novel
mortality classification.

J Curr Pediatr 2026;24(2):69-76

Materials and Methods

This retrospective study included patients diagnosed
with EA who were hospitalized between January 2010 and
September 2020 in the Neonatal Intensive Care Unit (NICU)
of the Pediatrics and Pediatric Surgery Departments of Bursa
Uludag University Faculty of Medicine.

The study received approval from the institution’s ethics
committee (Bursa Uludag

University Faculty of Medicine Clinical Research
Ethics Committee (decision no: 2011-KAEK-26/620, date:
13.11.2020).

Gestational age, birth height-weight-head circumference
and percentiles, mode of delivery, sex, multiple pregnancies,
number of pregnancies, number of births, maternal
age, antenatal steroid history, maternal diabetes history,
prolonged premature rupture of the membranes, pre-
eclampsia/eclampsia, presence of  chorioamnionitis,
polyhydramnios, oligohydramnios, antenatal diagnosis,
and in vitro fertilization information were recorded for all
patients.

At clinical follow-up of the infants, APGAR scores of the
1st and 5th minute, sepsis findings, pneumonia findings,
oxygen requirement, mechanical ventilation requirement,
day of transition to full enteral feeding, length of hospital
stay, height-weight-head circumference and percentiles at
discharge, CHD, central nervous system anomaly, presence
of coloboma, urinary system anomaly, gastrointestinal
tract anomaly, ear anomaly, choanal atresia, genital
anomaly, chromosomal anomaly, esophageal atresia
type, status of intraventricular hemorrhage, presence and
stage of retinopathy of prematurity, presence and stage
of bronchopulmonary dysplasia, presence of necrotizing
enterocolitis, operative day (time), presence of preoperative
pneumonia and intubation, and presence and day of
mortality were recorded.
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The mortality classification systems of the patients
according to Waterston, Montreal, Bremen, and Spitz were
calculated (4). The effectiveness of these scores in assessing
mortality and morbidity was compared.

Statistical Analysis

Characteristics, mortality classifications of discharged
and deceased (exitus) patients, and their relationship to
mortality were calculated using the SPSS version 22 program
(IBM Corp. Released 2017. IBM SPSS Statistics for Windows,
Version 22.0. Armonk, NY: IBM Corp.). The Shapiro-Wilk
test was used to examine the fit of the data to the normal
distribution. Comparisons between two groups were
performed with t-tests for normally distributed parameters.
For parameters that did not have a normal distribution,
comparisons between the two groups were made using the
Mann-Whitney U test, and multiple comparisons were made
using the Kruskal-Wallis test. Data with a normal distribution
are shown as the mean + standard deviation (SD), and those
without a normal distribution are shown as a percentage (%).
Pearson chi-square analysis was used to analyze the cross-
tabulations. Spearman correlation analysis was performed
for the variables that did not have a normal distribution
to determine the strength and direction of the relationship
between the variables. Multivariate logistic regression
analysis was applied to identify risk factors for mortality. A
p-value of <0.05 was considered statistically significant for
all tests.

Results

During the ten years studied, a total of 71 infants with
a diagnosis of EA were admitted to the NICU. The mean
gestational age was 35.7£2.5, and the mean birth weight
was 2382 g = 715. Nine (12.6%) patients had a birth weight
below 1500 g, and 41 (57.7%) patients were premature.
Only 6 (8.5%) patients had an antenatal diagnosis (Table 1).
Thirty (42%) patients were diagnosed after admission to the
NICU, 27 (38%) patients were diagnosed by radiography after
suspicion in the delivery room, and 6 (8.5%) patients were
diagnosed by the onset of symptoms after handover to the
mother. The most common EA type was EA+distal TEF (Type
Q) in 66 (93%) patients.

Concomitant Anomalies

Fifty-seven (80.3%) patients had additional concomitant
anomalies, with the most common concomitant anomaly
being cardiovascular in 52 (73.2%) patients. The most
common cardiac anomalies were patent ductus arteriosus

(PDA), atrial septal defect (ASD), and ventricular septal
defect. The most common skeletal anomalies were butterfly
vertebrae and hemivertebrae (5/71). Anal atresia was present
in 7 (9.8%) patients, undescended testis in 3 (4.2%) patients,
and diaphragmatic hernia in 2 patients. Two (2.8%) patients
had VACTERL association, 1 (1.4%) patient had CHARGE
syndrome, 4 (5.6%) patients had trisomy 18, and 3 (4.2%)
patients had trisomy 21 (Table 2). Among the patients who
died following the operation, 3 had trisomy 18, 1 had Down
syndrome, 1 had a diaphragmatic hernia, 2 had anal atresia,
and 1 had VACTERL association. A common feature among
all these patients was the presence of a congenital heart
anomaly.

Mortality

Of the 71 patients, 21 (29.5%) died in the neonatal period.
Seven (9.8%) of the exitus patients died before they could be
operated on. Of the 64 operated patients, 51 (71.8%) were
discharged after successful surgery. The characteristics of the
exitus and discharged patients are given in Table 2. Of the 21
patients who died, 20 ( 28.1 %) had type C esophageal atresia
and 1 (1.4 %) had type H esophageal atresia. All patients
who died before the operation had severe congenital heart
anomalies.

Birth weight and 1-minute APGAR scores were lower
(p<0.001, p=0.03) in exitus patients than in discharged

Table 1. Patients’ demographic and clinical
characteristics

Birth weight (gr), mean + SD 2382 + 715
Gestational week, mean + SD 35.7+25
Birth weight < 1500 gr n (%) 9(12.6)
Prematurity n (%) 41 (57.7)
Male n (%) 34 (47.8)
Caesarean n (%) 46 (64.8)
APGAR 1st minute, median (min-max) 6.5 (1-10)
APGAR 5th minute, median (min-max) 8 (1-10)
Antenatal diagnosis n (%) 6 (8.5)
Polyhydramnios n (%) 25 (35)
Presence of preoperative pneumonia n (%) 19 (26.8)
Presence of preoperative intubation n (%) 16 (22.5)
Operated patients n (%) 64 (90.1)
The age at which the operation was done (day), 3 (1-16)
median (min-max)

Eﬂ:;f;,tl%lgiglnm(/r?qsilrf}mn;i)manIcal ventilation 3 (0-166)
Mortality n (%) 21 (29.5)

J Curr Pediatr 2026;24(2):69-76




72 Kocael et al. Esophageal Atresia: Comparison of Mortality Classifications

patients. In addition, prematurity and birth weight less
than 1500 grams were identified as factors that increased
mortality (p=0.035, p=0.016). Among the exitus patients,
14 (87.5%) had preoperative intubation, and 15 (78.9%) had
preoperative pneumonia. In addition, it was found that
the presence of preoperative intubation and pneumonia
and the long duration of invasive mechanical ventilation
(before and after surgery) were among the important factors
that significantly increased mortality (p<0.001 for each
parameter) (Table 2).

When all anomalies associated with TEF were evaluated, it
was concluded that concomitant isolated CHD did not increase
mortality, whereas the number of concomitant anomalies
of two or more significantly increased mortality. While all 4
patients with trisomy 18 anomaly and all patients diagnosed
with CHARGE and VACTERL died, only one of the 3 patients
diagnosed with Down syndrome died (Table 3). The most
common cause of mortality was infection in 13 (65%) patients.
The patient with type H esophageal atresia had severe
congenital heart disease, specifically type 4 truncus arteriosus,
along with choanal atresia, hemivertebrae, various skeletal
anomalies, and cerebral ischemic infarction. Unfortunately,
this patient passed away before surgery could be performed.

Mortality Classification Systems

The distribution of patients by group within the Waterston,
Montreal, Bremen, and Spitz classification systems is given in

Table 4. All mortality classification systems were significant
in predicting mortality (Tables 5, 6). The highest correlation
between mortality and classification systems was found for
the Montreal classification (Table 5, 6) (p <0.001, r=0.70).

Discussion

TEF is a congenital anomaly that requires early diagnosis,
surgical treatment, and a multidisciplinary approach (5).
Mortality rates vary between 9-59.7% in the literature (4,6-9).
Of the 71 patients included in our study, 21 (29.5%) died in
the neonatal period. The wide range of mortality rates by
country suggests that they vary according to the level of a
country’s development.

The mean birth weight of the exitus patients in the
current study was 2400.9+639.4 g. Birth weight below 1500
g and prematurity were found to be significant risk factors
for mortality, similar to those reported in the literature (p
0.001) (10-12). Moreover, the APGAR scores of the exitus
patients were calculated as 5-8 in the 1st and 5th minutes,
respectively, and the low APGAR score was determined to be
significant in predicting mortality (p=0.03, p=0.02). Similar
studies in the literature reported that a low APGAR score was
significant in predicting mortality (10,13).

Additional congenital anomalies may accompany TEF.
The most common accompanying congenital anomalies are
anomalies of the cardiovascular system. In two retrospective

Table 2. Comparison of demographic-characteristics of death and discharged patients

Death Discharged

n=21 (%29.5) n=50 (%70.4) P
Birth weight (gr) mean + SD 2400.9+639.4 2661.04+665.2 <0.001?
Birth weight <1500 gr n (%) 6(28.5) 3 (6) 0.016°
Gestational week mean * SD 34.5+2.2 36.2+2.5 0.1°
Prematurity n (%) 16 (76) 25 (50) 0.035°
Male n (%) 7 (35) 27 (52.9) 0.197°
Caesarean n (%) 14 (70) 32 (62) 0.783°
APGAR 1st minute, median (min-max) 5(1.9) 8(1.10) 0.03¢
APGAR 5th minute, median (min-max) 8(3.10) 8(1.10) 0.02¢
Antenatal diagnosis n (%) 3(15) 3(5.8) 0.118°
Polyhydramnios n (%) 10 (50) 15 (29) 0.258°
Presence of preoperative pneumonia n (%) 15 (78.9) 4(21) <0.001°
Presence of preoperative intubation n (%) 14 (87.5) 2(12.5) <0.001°
Operated patients n (%) 16 (25) 48 (75) 0.021°
The age at which the operation was done, median (min-max) 5(1-16) 3 (2-10) 0.06°
Duration of invasive mechanical ventilation (day), median (min-max) | 15 (2-59) 3(0-166) <0.001°¢
2: T-test, *: Chi-square, < Mann-Whitney U Test
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Table 3. Concomitant anomalies of death and discharged patients

Clinical characteristics of patients

Death
n=21 (%29.5)

Discharged
n=50 (%70.4)

Anomaly present

12 (25) 36 (75) 0.09

CHD"

3(14.2) 18(85.7) 0.048

Urinary System Anomaly

- 2

Limb-Vertebra Anomaly

Central Nervous System Anomaly

Gastrointestinal Tract Anomaly

N ==

CHD + Limb-Vertebra Anomaly

w
'

CHD + Genital System Anomaly

CHD + Gastrointestinal Tract Anomaly

(50)

CHD + Urinary System Anomaly

Genital System Anomaly + Ear Anomaly

CHD + Central Nervous System Anomaly

CHD + Urinary System Anomaly + Gastrointestinal Tract Anomaly

CHD + Limb-Vertebra Anomaly + Urinary System Anomaly

'
N W == |N|=|N

Anomaly

CHD + Urinary System Anomaly + Limb-Vertebra Anomaly + Central Nervous System

Anomaly

CHD+ Urinary System Anomaly + Limb-Vertebra Anomaly + Gastrointestinal Tract

Diaphragmatic Hernia +CHD

Diaphragmatic Hernia + CHD + Limb-Vertebra Anomaly

Anomaly absent

12 (92.3)

Chromosomal anomaly

5 (71) 2(29)

Syndromic patients

3 -

2: Chi-square, "CHD: Congenital heart disease

cohort studies in the literature, the incidence of cardiac
anomalies was reported to be 33-47% (6,14). In our study,
the most common concomitant anomaly was cardiovascular
system anomaly.

Considering the parameters used to predict mortality
when evaluating mortality classification systems in
patients with TEF, the presence of cardiac anomalies
and concomitant severe anomalies are included in the
classifications. Few studies have examined the association
between mortality and anomalies, except for CHD. In
our study, concomitant anomalies were present in 12 of
the 21 exitus patients, and the most common isolated
anomaly was severe CHD. It has been reported that when
a concomitant systemic anomaly was added to TEF, the
mortality rate was 3.2%, but the addition of two or more
systems increased mortality up to 40%. Our study also
found that the mortality rate was higher in patients with
two or more systemic anomalies. In the study by German

et al. (15), the presence of two or more anomalies was
emphasized to increase mortality.

The presence of preoperative pneumonia was significant
for mortality in our study (p 0.001), which is similar to the
literature (16). In addition, in line with the literature, the
presence of preoperative intubation was also identified as
significant for mortality (p <0.001) (17,18).

Syndromes of known genetic etiology with additional
malformations are present in approximately half of the
cases. A genetic cause is present in 11-12% of patients
diagnosed with TEF. Nonsyndromal TEF is generally
considered a multifactorial disorder, suggesting that
epigenetic and environmental factors also contribute to
the disease (2). In our study, 2 (2.8%) patients had VACTERL
association, 1 (1.4%) patient had CHARGE syndrome, 4 (5.6%)
patients had trisomy 18, and 3 (4.2%) patients had trisomy
21. All patients diagnosed with trisomy 18 died. In the
study by Sparey et al. (19), an increased mortality rate was

J Curr Pediatr 2026;24(2):69-76



74 Kocael et al. Esophageal Atresia: Comparison of Mortality Classifications

Table 4. Mortality classifications and their relationships with reported mortality
Mortality classification El(i/i)h arged Ei;’t)h Total
Waterston
A 18(94.7) 1(5.3) 19
B 23 (92) 2(8) 25
C 9(33.3) 18 (66) 27
Montreal
1 44 (91.6) 4(8.3) 48
2 6 (26) 17 (73.9) 23
Bremen with complication
1 1 (50) 1 (50) 2
2 7 (38) 11 (61) 18
3 4 (100) 4
Bremen without complication
1 40 (95.2) 2(4.7) 42
2 3 (60) 2 (40) 5
0 0 1(100) 1
Spitz
1 40 (93) 3(7) 43
2 10 (43.4) 13 (56.5) 23
3 0 5(100) 5
Table 5. Correlation of mortality classification with reported mortality
Mortality Waterston Montreal cB(:ﬁlr:fiT:avtvilct): E;;n;ﬁzavtvigzom Spitz
p <0.001 <0.001 0.13 <0.001 <0.001
r 0.55 0.70 0.31 0.50 0.62
Table 6. Relative values of mortality classifications in predicting mortality

Waterston Montreal Spitz
0dds ratio 0.392 160 14.54
%95 Confidence interval 0.01-0.264 15.2-1683.26 3.48-60.8
p-value <0.001 <0.001 <0.001

determined in patients with TEF diagnosed with a genetic
disease (19).

Perioperative classification systems have been established
to determine prognosis in patients with TEF based on
preoperative clinical factors and patient characteristics (4). In
1962, Waterson et al. (20) identified the presence of low birth
weight, congenital anomalies, and pneumonia as major
risk factors and developed a classification system based on

J Curr Pediatr 2026;24(2):69-76

these factors. However, this classification system did not
take into account the nature of the patients’ congenital
anomalies, length of stay on the ventilator, or other factors
affecting mortality (11). The Montreal classification was
developed in 1993 by Poenaru et al. (11) as an alternative
to the Waterston classification. This classification system is
based on whether the patient is ventilator dependent or
not and whether the accompanying congenital anomaly is
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mild or severe. On the other hand, in 1994, Spitz et al. (21)
created a new classification system based on the patients’
birth weight and the degree of CHD. In 2000, Yaygu et al. (16)
created a new classification system as an adaptation of the
Spitz classification by adding an assessment of the patient’s
pulmonary status before surgery.

There are few studies in the literature that evaluate each
system and its relationship to mortality. A retrospective study
by Peters et al. (4) in England, which included 248 patients
over a 20-year period, compared the Waterston, Spitz, and
Montreal classifications, and all were significant in predicting
mortality, similar to our study. The study by Teich et al.
(22) compared the Waterston and Montreal classifications
and concluded that the Montreal classification was more
successful in identifying high-risk patient groups. In our
study, the Montreal classification system was found to be the
system with the highest correlation scores.

In astudy conducted between 1999 and 2012 by Sulkowski
et al. (17) in the USA with 3479 patients, the evaluation of
mortality factors showed that birth weight, CHD, genetic
anomalies, and being on an invasive mechanical ventilator
before surgery were factors that increased mortality. Similarly,
in our study, the presence of preoperative intubation,
low birth weight, and genetic anomalies (urinary system
anomaly) were found to be factors that increased mortality.

TEF may be associated with many congenital anomalies,
with CHD being the most common (6,17,23). Bremen and
Spitz classifications assessed the presence of severe CHD as a
parameter that affected mortality (12,16).

In the study by Sulkowski et al. (17), the presence of
concomitant anomalies was found to be a factor in predicting
mortality. However, there is no study in the literature
that evaluates multiple mortality-affecting independent
risk factors, including all congenital anomalies. When
considering the presence of multiple anomalies in cases
diagnosed with TEF, the question of which anomaly is the
main factor influencing mortality remains controversial. In
our study, all 5 patients who died without surgery had severe
congenital heart disease. With the exception of patients
with severe CHD or multiple anomalies incompatible with
life, the life expectancy of these patients has increased with
advances in medicine. Therefore, there is a need for new
classification systems that will incorporate patient CHD and
other associated risk factors when determining mortality
risk. The prenatal factors need to be considered and actually
a prenatal score calculated based on the prenatal signs could
be a great help to predict the postnatal mortality and decide
or not to interrupt the pregnancy.

Study Limitations

The relatively small number of patients and their
retrospective evaluation from patient records are the
limitations of our study. In addition, surgical techniques that
may influence mortality were not evaluated in this study.

Conclusion

The survival rate of patients with TEF/EA has increased
in recent years. The identification of risk factors that
determine survival remains controversial. We believe
that a new system that assesses mortality risk with a
scoring system rather than a classification and evaluates
birth weight, prematurity, low APGAR score, length of
stay on an invasive mechanical ventilator, number of
concomitant anomalies, preoperative intubation, presence
of preoperative pneumonia, presence of syndromes, and
chromosomal anomalies is needed. Large-scale studies
may contribute to the development of new mortality
classification system.
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Abstract

Introduction: Tooth discoloration isa common side effect of liquid iron supplements
used in pediatric patients. This in vitro study aimed to evaluate the effects of ferric
polymaltose, ferrous sulfate, and Lipofer® iron supplements, when mixed with
orange juice, on the color change and enamel surface roughness of primary teeth.
Materials and Methods: Sixty primary canine teeth were embedded in acrylic resin
and randomly divided into six groups. Each supplement was diluted with either
orange juice or distilled water. Samples were immersed in the solutions for 5 minutes
daily over 28 days. Color change (AE,) was measured with a spectrophotometer, and
surface roughness was assessed using a profilometer on days 0, 7, 14, 21, and 28.
Results: Among the iron supplement groups, the Lipofer® group showed significantly
less discoloration effect (p<0.05). Mixing iron supplements with orange juice had no
statistically significant effect on primary teeth discoloration and enamel surface
roughness (p>0.05).

Conclusions: Lipofer® supplementation caused less discoloration compared to
other iron preparations. Based on the findings of our study, the administration of
iron supplements mixed with orange juice may be recommended to enhance taste
tolerance in pediatric patients.

0z

Giris: Dis renklenmesi, cocuk hastalarda kullanilan sivi demir takviyelerinin yaygin
biryan etkisidir. Bu in vitro calisma, ferrik polimaltoz, ferroz siilfat ve Lipofer® icerikli
demir takviyelerinin portakal suyu ile karistirildiginda st dislerinin renk degisimi
ve mine yiizey plrlzliligu tzerindeki etkilerini degerlendirmeyi amacglamistir.
Gereg ve Yontem: Altmis adet siit kanin disi akrilik rezine gomilerek rastgele alti
gruba ayrildi. Her demir takviyesi, portakal suyu veya saf su ile seyreltilerek kullanildi.
Ornekler 28 giin boyunca her giin 5 dakika boyunca bu soliisyonlara daldirildi. Renk
degisimi (AE, ) spektrofotometre ile, yiizey piiriizlulugt ise profilometre kullanilarak
0.,7.,14., 21. ve 28. glinlerde degerlendirildi.

Bulgular: Demir takviyesi gruplari arasinda, Lipofer® grubu anlamli derecede
daha az renklenme etkisi gosterdi (p<0,05). Demir takviyelerinin portakal suyu ile
karistiriimasi, st dislerindeki renk degisimi ve mine yiizey purizliltgi tzerinde
istatistiksel olarak anlamli bir etki gostermedi (p>0,05).

Sonug: Lipofer® takviyesi, diger demir preparatlarina kiyasla daha az renk
degisimine neden oldu. Calismamizin bulgularina dayanarak, demir takviyelerinin
portakal suyu ile karistirilarak verilmesi, cocuk hastalarda tat toleransini artirmak
amaciyla onerilebilir.
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Introduction

Iron deficiency and the resultant iron deficiency anaemia
represent a considerable public health problem, affecting a
substantial segment of the global population (1). Oral iron
supplements are widely used for the prophylactic prevention
and treatment of iron deficiency anaemia. In children,
ferrous (Fe*?) iron salts, ferric polymaltose (FP; Fe'3) iron
complexes and supplements containing sucrosomial and
liposomal ferric pyrophosphate are most commonly used to
treat the condition (2).

Tooth discoloration and erosion that may occur due to
the use of iron supplements in the form of drops and syrups
constitute a significant adverse effect of these supplements
in children (3,4). In vitro studies have shown that iron
supplements containing ferrous sulphate (FS) and FP possess
the potential to discolour primary teeth (3,5).

Ascorbic acid (vitamin C) increases the absorption of
iron supplements. Therefore, it is recommended that iron-
containing drops and syrups be consumed with fruit juices
containing vitamin C (6,7). Orange juice (0)) has a high
ascorbic acid content and influences iron absorption (8).
Studies on the effect of iron supplements on the physical
properties of primary teeth are available in the literature
(4,9,10). However, no study has evaluated the effect of
combining different iron supplements with OJ on the enamel
surface properties and discoloration of primary teeth.

This study aimed to evaluate the effect of FP, FS and
Lipofer® (LF) iron supplements mixed with fresh OJ and
distilled water (DW) on the colour change and enamel surface
roughness of primary teeth in vitro. The null hypothesis
of this study was that mixing different iron supplements
with orange juice would not have a significant effect on
enamel discoloration or surface roughness of primary teeth
compared to distilled water.

Materials and Methods

Approval for this in vitro experimental study was obtained
from the Non-Interventional Clinical Research Ethics
Committee of Kuitahya Health Sciences University (decision
no: E-41997688-050.99-130396, date: 11.03.2024).

The power analysis of the study was performed using
the G. Power programme (HHU, Dusseldorf, Germany). As
established in a preceding study, it was determined that a
minimum of eight samples should be incorporated into each
group, in accordance with the 95% confidence level (1-a),
95% test power level (1-B), an effect size (d) of 2.017 and a
two-way independent samples t-test power analysis (11). The
tooth samples were randomly divided into six groups, with
10 teeth in each group. The distribution of the study groups
is illustrated in Figure 1.

Primary teeth

n:60

Ferric
polymaltose

(FP)
n:20

Ferrous sulphate

5 ®
(FS) Lipofer® (LF)
n:20 n: 20

A) FP + OJ B) FP + DW
n: 10 n: 10

I
I 1 I 1
C)FS+0J D) FS+DW E) LF+ OJ F) LF+ DW
n: 10 n: 10 n:10 n: 10

Figure 1. Flow chart. (FP: ferric polymaltose, FS: ferrous sulphate, LF: Lipofer® OJ: orange juice, DW: distilled water)
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Specimen Preparation

Sixty primary canine teeth extracted within the last 3
months from patients referred to the clinic and indicated for
extraction were used in this study; informed consent for using
the samples in the study was obtained from the patients.
The teeth were examined under a microscope (Zumax
0MS2380; Suzhou, China) and those exhibiting visible caries,
cracks or hypomineralised surfaces were excluded from the
study. The root tissues were removed with a diamond saw
under submerged and water-cooling conditions, exposing
the enamel-cementum junction. Thereafter, the soft tissue
residues on the crown of the tooth were removed with a
periodontal curette and polishing rubber. The teeth were
then fixed in acrylic resin (Integra®, Turkey) using round
plastic moulds (one cm in diameter) with the buccal crown
surface facing upwards.

Iron Supplements

Three distinct iron supplements, each comprising a
unique active ingredient, were employed in the treatment
of iron deficiency anaemia in paediatric patients (Table 1).
Pure, sterile DW (Botofarma®, Turkey) and freshly squeezed
0J, prepared daily, were used to dilute the iron supplements.
The samples were stored in artificial saliva between
immersion cycles. The artificial saliva consisted of [NaCl, KCl,
CacCl,, NaH,PO,, urea, and distilled water; pH ~ 6.8], and was
refreshed daily. Samples were maintained at 37°C to simulate
intraoral conditions.

Colour Measurement

The colour of the samples was measured at the
beginning (t0) and on the 7" (t7), 14" (t14), 21* (t21) and
28" (t28) day using a spectrophotometer (Vita Easy Shade
Advance 4.0, Germany). The measuring tip of the device was

allowed to contact the samples at an angle of 90° and three
measurements were taken from a 5-mm-diameter area and
averaged.

The CIEDE2000 colour difference formula was utilised
to assess the impact of iron supplements mixed with O] or
DW on the discoloration of primary teeth (12). This formula
measures the colour difference by evaluating the effects
of lightness, chroma and hue and the interaction between
chroma and hue. The measurement was performed using
the following equation:

AE,, = [(AL'/KLSL) + (AC/KCSQ)? (AH'/KHSH)® + RT (AC'/
KC SC) (AH'/KHSH)] "2,

where AL, AC and AH' represent the differences in
lightness, chroma and hue, respectively. The weighting
functions (SL, SC, SH) adjust the total colour variation
relative to the location in the L', a’, b’ colour space. The
parametric factors (KL, KC, KH) are the correction terms for
the experimental conditions. Finally, RT corresponds to the
interaction of differences between chroma and hue in the
blue region (12).

Measurement of the Surface Roughness (Ra)

The Ra of the samples was measured at t0 and on t7, t14,
t21 and t28 using a mechanical profilometer (Taylor Hobson
The Surtronic S 128® S-128®, Leicester, UK). The arithmetic
means of the data obtained by measuring three times from
the same surface of each tooth sample were recorded.

Scanning Electron Microscopy

For SEM analysis, one representative sample from each
group (n=6) was randomly selected after 28 days. The
images presented are representative of the observed surface
characteristics. The enamel surfaces were examined using

Table 1. Iron supplements used in the study

Medication Content Trade name and batch no

Active ingredient

Auxiliary ingredients

Ferrum Hausmann®
Ferric Polymaltose (Fe*?) | Drops

(FP) (Abdiibrahim Turkey)
237234

Iron (I11) Hydroxide
Polymaltose Complex

Sugar (Sucrose) Sorbitol 70% Methyl
hydroxybenzoate Propyl hydroxybenzoate cream
essence, Sodium Hydroxide

Ferrous Sulphate Ferro Sanol B® Syrup
(Fe™?) (ADEKA Turkey)
(FS) H008

Iron (Il) glycine sulphate
complex

Sorbitol, saccharin sodium, sulphuric acid,
orange essence (with ethanol), purified water

Ocean Mikrofer®

Lipofer® Drops
(LF) (Orzax Turkey)
092310127

Ferric pyrophosphate

Deionised water, grape molasses, lipofer (corn
starch, ferric pyrophosphate, hydroxypropyl,
methylcellulose, lecithin) thickener: xanthan,
gum, preservative: (potassium sorbate, sodium
benzoate).
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an SEM (LEO 1430 VP model, Germany) at 100, 500x and
1000x magnifications.

Statistical Analysis

Data obtained from the study were analysed using the
statistical software package SPSS (IBM SPSS Statistics, version
25; IBM Corp., Armonk, NY, USA). The effects of the drugs and
mixing solutions on colour change and surface roughness
were examined by two-way analysis of variance (ANOVA). The
main effects were compared using the Bonferroni test and
multiple comparisons in interactions were analysed using
the Duncan test. A repeated measures two-way ANOVA test
was employed to evaluate differences between the specified
times. Pairwise comparisons were evaluated using the post
hoc Tukey’s test. The results of the analyses are presented as
mean = standard deviation. The significance level was set at
p <0.05.

Results

Mean Colour Change (AE, ) Values

The primary effect of iron supplements on the AE  value
was significant. The Lipofer® (LF) group demonstrated a

significantly lower colour change compared to the FP and FS
groups at all-time points (p<0.05). No statistically significant
difference was observed between the FP and FS groups at
any point. The primary effect of combining solutions and
the interaction of iron supplements with these solutions
(iron"solution) did not exhibit any statistically significant
impact on the AE  value (Table 2).

The L*a"b" Values

The L"a"b" values of the iron supplements and mixture
solutions are presented in Table 3. The primary effect of iron
supplements on the L* value was found to be statistically
significant (p < 0.05). No statistically significant differences
in L" value were observed among the drug groups on day
7. However, statistically significant differences were observed
between the supplement groups on the 14", 21t and 28" day
(p <0.05). The LF group demonstrated a significantly lower L*
value change than the FP and FS groups on the 14™ 21+ and
28" day (p < 0.05).

The primary effect of iron supplements on the a" value
was also statistically significant (p<0.05). The FP group
demonstrated significantly higher a* values than the FS and
LF groups at all-time points (p<0.05).

Table 2. CIEDE (AE00) Values of iron supplements and mixture solutions at all times
Mixing Solutions
Day Iron Supplements - — Total
Orange Juice Distilled Water
FP 5.67 £ 0.69 6.13 +1.57 5.90 + 1.18*
- FS 4.39 = 1.64 6.50 £ 1.63 5.45 £ 1.91*
LF 349+139 347 +£0.76 3.48 +1.07°
Total 4.51 £1.53 537 +1.90 4.94£1.75
FP 5.61+0.71 7.36 £1.73 6.48 + 1.56*
14 FS 6.40 £ 2.62 719 £240 6.80 + 2.43*
LF 3.05£1.75 3.47 £ 0.63 3.26 +1.27°
CIEDE (AE,))
Total 5.02 £2.29 6.01 £ 2.46 5.51 + 2.40
FP 576 £ 1.71 8.14 £1.92 6.95 + 2.134
21 FS 6.93 £2.74 8.24+249 7.59 + 2.59*
LF 333119 3.08 £1.25 3.21 + 1.548
Total 534 £2.55 6.49 £ 3.08 5.91 + 2.85
FP 570 +2.42 8.54 £ 1.58 7.12 £ 2,454
98 FS 8.17 £2.22 9.39 +3.027 8.78 + 2.61*
LF 3721222 3.94 £1.65 3.83 + 1.86°
Total 5.86 + 2.85 7.29 £3.21 6.58 + 3.08
FP: Ferric polymaltose. FS: Ferrous sulphate. LF: Lipofer®
~B: There is no statistically significant difference between columns with the same letter (p>0.05).
Two-way ANOVA. Bonferroni
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Table 3. L"a’b* values of iron supplements and mixture solutions at all times

Mixing Solutions
Day Iron Supplements Orange Juice Distilled Water Total
FP -8.38 + 6.39 -4.35 1+ 3.44 -6.71 £ 4.10
4 FS -2.98 £5.52 -6.95 £ 4.70 -4.96 + 5.31
LF -2.48 +2.14 -2.83 +1.54 -2.65+1.79
Total -4.61 £ 547 -4.71 £3.71 -4.66 + 4.60
14 FP -6.71 +4.10 -4.95 + 3.21 -5.83 + 3.63*
FS -4.03 = 5.50 -6.20 = 7.20 -5.11 £ 6.214
L* Value LF -1.83 £1.45 1.66 £ 3.15 -0.08 + 2.97°
Total -4.19 + 4.32 -3.16 + 5.81 -3.67 £ 5.07
FP -9.55 +4.76 -11.98 +4.60 -10.76 * 4.64*
21 FS -7.91 £ 6.07 -8.81 = 5.58 -8.36 + 5.58*
LF -3.66 £ 2.65 1.48 +2.82 -1.09 + 3.74®
Total -7.04 £5.11 -6.43 +7.26 -6.74 + 6.19
FP -8.68 £ 5.40 -8.53 £5.16 -8.60 + 5.04*
28 FS -10.75 + 4.47 -12.9 £5.75 -11.82 + 5.04*
LF -4.51 £ 3.67 0.45 * 3.50 -2.03 £ 4.298
Total -7.98 £ 5.05 -6.99 + 7.34 -7.48 + 6.23
FP 5.13 £ 2.54 3.51+240 4.32 + 2.50*
4 FS 1.10 £ 0.95 218 £1.17 1.64 + 1.16°
LF 2.00 +1.58 1.71 £0.56 1.85 £ 1.148
Total 2.74 £ 246 2.47 £1.67 2.60 + 2.08
FP 335+282 2.66 +2.22 3.00 £ 2.45*
14 FS -1.61 £0.97 -1.30 £ 0.74 -1.45 + 0.83"
LF -0.46 £ 0.78 -1.41 £ 0.85 -0.94 + 0.92°8
a* Value Total 042 £2.75 -0.01 £ 2.37 0.20 + 2.54
FP 335+278 4.96 + 2.02 4.15 + 2.474
7 FS -1.55 + 1.94 -0.71+0.73 -1.13 £ 1.468
LF -0.36 £1.02 -0.81+ 0.98 -0.59 + 0.98"
Total 0.47 +2.88 1.14 £ 3.06 0.81 £ 2.95
FP 1.63 +2.09 193 +1.43 1.78 + 1.72*
28 FS -1.21+1.33 0.36 £ 0.64 -0.42 + 1.298
LF -0.56 £ 0.58 -1.98 £1.28 -1.27 £ 1.20°8
Total -0.05 *+ 1.86 0.10 £1.99 0.02 + 1.90
FP 13.41 £ 1.68" 1033 £1.73" 11.87 £ 2.29*
4 FS 5.56 *+ 2.53% 10.13 £ 1.89%¢ 7.85 £ 3.198
LF 6.03 + 2.24% 5.66 + 2.23° 5.85 + 2.148
Total 833 £4.22 8.71 £ 2.88 8.52 £ 3.57
FP 3.83 £539 1.43 £3.56 2.63 + 4.53*
14 FS -3.91 £2.90 -4.11 £3.02 -4.01 £ 2.83"
LF -8.76 = 10.98 -5.85 + 3.91 -7.30 + 8.01°8
b’ Value Total -2.95 + 8.66 -2.84 £4.59 -2.89 + 6.83
FP 3.61 457 10.2 £4.17 6.90 + 5.40"
1 FS -0.65 £ 5.97 -2.05+4.29 -1.35 £ 5.01®
LF -3.76 = 4.68 -2.95+5.17 -3.35 + 4,728
Total -0.26 + 5.72 1.73 £7.51 0.73 £ 6.66
FP 1.05 +4.35 4.00 + 3.40 2.52 + 4.02*
28 FS 1.90 £ 6.30 2.68 +4.32 229 +517*
LF -3.81 £2.79 -7.75 £5.69 -5.78 £ 4.74®
Total -0.28 £ 5.12 -0.35 + 6.90 -0.32 £ 5.99

FP: Ferric polymaltose, FS: Ferrous sulphate, LF: Lipofer®
*»There is no statistically significant difference between columns with the same letter (p > 0.05).
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Iron supplements also demonstrated a statistically
significant effect on the b* values (p<0.05), with significant
differences observed among the groups (p<0.05). The b*value
in the FP group was significantly (p<0.05) higher than those
in the other groups on the 7", 14™ and 21 day. However,
on day 28, the FP and FS groups demonstrated significantly
higher b values than the LF group (p<0.05).

The primary effect of the solution and the interaction
between the solution and iron exhibited no statistically
significant impact on the L"a"b" values.

Representative images of the tooth samples at the initial
time point (day 0) and after 28 days are shown in Figures 2,
3,and 4.

Surface Roughness

No statistically significant differences in surface roughness
were seen among the groups at all-time points (Table 4). When
the iron supplements were used, the FP group exhibited the
highest surface roughness at the conclusion of the 28 days
compared to the other groups (0.88+0.6).

Scanning Electron Microscopy Results

Figures 5,6 and 7 presents the SEM images of the tooth
samples obtained from each group on the 28" day of the
study.

Figure 2. Representative images of tooth samples from the FP+0)
(a, b) and FP+DS (c, d) groups at baseline (a, ¢) and day 28 (b, d). (FP:
ferric polymaltose, OJ: orange juice, DW: distilled water)

J Curr Pediatr 2026;24(2):77-88

Figure 3. Representative images of tooth samples from the FS+0]
(a, b) and FS+DW (c, d) groups at baseline (a, c¢) and day 28 (b, d). (FS:
ferrous sulphate, OJ: orange juice, DW: distilled water)

Figure 4. Representative images of tooth samples from the LF+0)
(@, b) and LF+DW (c, d) groups at baseline (a, ) and day 28 (b, d).
(LF: Lipofer®, OJ: orange juice, DW: distilled water)
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Table 4. Surface roughness results of iron supplements and mixture solutions at all times
Mixing Solutions
Day Iron Supplements - — Total
Orange Juice Distilled Water
FP 0.01 +£0.48 0.03 £0.19 0.02 = 0.35
; FS -0.33 £ 0.89 0.40 £ 0.68 0.05 £ 0.84
LF 0.40 = 0.26 -0.03 £ 0.42 0.18 £ 0.40
Total 0.04 = 0.64 0.13£0.49 0.09 = 0.56
FP -0.01 £ 0.73 0.26 = 0.56 0.12 = 0.63
14 FS 0.10 £ 0.62 0.21 £0.85 0.15 £ 0.71
Surface LF 0.60 = 0.58 0.30 £0.63 0.26 = 0.54
Roughness Total 0.22 = 0.66 0.33 £0.61 0.30 = 0.64
FP 0.32 £0.50 0.48 £0.22 0.40 £0.38
. FS -0.16 £ 0.88 0.35*£1.18 0.09 £1.03
LF 0.62 = 0.64 -0.2 £0.81 0.41£0.73
Total 0.26 £ 0.73 0.34£0.79 0.30 £ 0.75
FP 0.88 £ 0.88 0.88 £ 0.45 0.88 £ 0.66
FS -0.05+1.19 112 £0.94 0.53 £1.19
28 LF 0.68 = 0.65 0.43 £1.52 0.56 £ 1.12
Total 0.51 +£0.97 0.81 £ 1.04 0.66 = 1.00
Two-way ANOVA. Bonferroni
FP: Ferric polymaltose. FS: Ferrous sulphate. LF: Lipofer®
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Figure 5. SEM images of tooth samples from the FP+0J (A) and FP+DW (B) groups at 100, 500%, and 1000x magnifications. (FP: ferric
polymaltose, OJ: orange juice, DW: distilled water)
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Figure 6. SEM images of tooth samples from the FS+0] (C) and FS+DW (D) groups at 100, 500%, and 1000% magnifications. (FS: ferrous
sulphate, OJ: orange juice, DW: distilled water)
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Figure 7. SEM images of tooth samples from the LF+0J (E) and LF+DW (F) groups at 100x, 500%, and 1000x magnifications. (LF: Lipofer®,
0J: orange juice, DW: distilled water)
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Discussion

This study investigated the effect of FS, FP and Lipofer®
containing iron supplements mixed with 0] on the colouring
and surface roughness of the primary dentition enamel in
vitro.

Oral iron supplements are widely utilised for the
prophylactic prevention and treatment of iron deficiency
anaemia. They are available in the form of Fe*? salts or Fe*3
complexes (2). Sucrosomial and liposomal iron preparations
containing ferric pyrophosphate were recently introduced
(13,14). Studies have shown that iron preparations of various
forms and contents can cause tooth tissue erosion and
discoloration (3-5). Tooth discoloration, a significant side
effect of iron-based medications in paediatric patients, has
been associated with parental anxiety and reluctance to
continue treatment (15,16).

Various studies have been conducted to improve the
bioavailability and absorption of iron during the treatment
of iron deficiency anaemia. Various fruit acids, such as
ascorbic acid (vitamin C), can augment iron absorption (6).
Therefore, it is recommended that iron supplements be
ingested concomitantly with O] to facilitate both absorption
and tolerance in children (7).

Oral iron supplements are commonly available in Fe'?
and Fe™ forms. The body exhibits a high level of absorption
of Fe*2 FS preparations demonstrate optimal absorption
and high bioavailability; however, they may be accompanied
by systemic side effects such as gastrointestinal symptoms,
nausea, vomiting, and abdominal pain complaints (2). The
Fe** form is preferred to reduce the gastrointestinal side
effects of Fe™ preparations. Sucrosomial and liposomal
iron preparations introduced in recent years are better
tolerated systemically and have fewer undesirable side
effects than traditional iron salts (2,14). A review of the
extant literature revealed that FS, FP and Lipofer® (liposomal
ferric pyrophosphate) supplements are the most prevalent
iron preparations in contemporary use (17). Consequently,
these commonly used iron supplements were selected
for the current study. Given the necessity for precise dose
adjustment of iron drug salts and the greater accessibility
of commercially available iron supplements, these were the
preferred options in the present study (16).

Iron supplements comprising three distinct active
ingredients exhibited varying absorption and bioavailability
rates in the present study (17). The daily doses recommended
by paediatricians were used as a reference for adjusting
the daily dose of iron supplements. In the event of dosage
adjustment, the quantity of medicine required for each iron

supplement was calculated in millilitres, with the dosage
calculated based on a child with an average weight of 20 kg.

A significant challenge in the management of iron
deficiency anaemia pertains to the absorption of inorganic
iron once ingested by the body. Various fruit acids, such as
ascorbic acid, citric acid, malic acid and tartaric acid, have
been reported to be effective in increasing iron absorption
in the body. Ascorbic acid is one of the main inducers in
increasing iron absorption and has a dose-dependent effect
on iron absorption (6). Orange, one of the fruits with the
highestascorbicacid content, has been shown to increase iron
absorption because it contains various organic acids, such as
citric acid, alongside ascorbic acid (8). Given the structure of
ascorbic acid (a fruit acid) and its capacity to enhance iron
absorption, we decided to use freshly squeezed 0J, prepared
daily, in this study. This decision was made in view of the
variability of the additives present in commercially available
fruit juices (6).

Iron supplements cause discoloration of tooth tissue,
raising concerns for parents (3,5,16). Spectrophotometers
provide reliable and accurate results when measuring colour
changes in teeth (18) and have been used to investigate the
effect of iron supplements on tooth discoloration (3,19). In
the current study, a digital spectrophotometer was utilised to
evaluate the effect on colour change.

Colour systems are used to define and distinguish colours.
The CIE L" a" b” colour system is predicated on calculating
the tristimulus values that indicate how the human visual
system responds to a particular colour. In this system, the L*
coordinate corresponds to the degree of lightness/darkness,
ranging from 0 (black) to 100 (white); the a" coordinate
represents the redness (a>0) or greenness (a<0); and the b
coordinate represents yellow (b>0) or blue (b<0) variation
(20). The CIEDE2000 colour system was developed to
overcome the deficiencies in the CIE L" a* b" colour system
and to facilitate a more effective colour change analysis (12).
The CIEDE2000 colour system was utilised to analyse the
colour change of primary teeth in the present study.

The severity of tooth staining is contingent upon the
duration of exposure of the tooth surface to the drug and
the type and dosage of the supplement (3,19). In a study
evaluating the erosive effect of iron supplementation and
antitussive and bronchodilator drugs on dental tissue over
a 28-day period, a significant decrease in microhardness was
reported by day 28 (21). In the present study, the alterations
observed at days 7, 14, 21 and 28 were measured to evaluate
the effect of the time factor. In accordance with the extant
literature the DEOO value was found to increase with time
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in the present study; the highest colour change recorded
was 6.58 on the 28" day (19). The immersion protocol of 5
minutes per day was designed to simulate the cumulative
short-term exposure of iron supplements in the oral cavity,
as previously described in similar in vitro studies (4,21).

As has been emphasised in a considerable number
of studies, the type of iron supplement is one of the most
important factors in tooth discoloration (3,5,15,19). Studies
have shown that sucrosomial iron and specially synthesised
liposomal iron supplements have a lower discoloration effect
than FS preparations (5,15); similar findings were observed
in the present study. Examination of the AE values in the
FS, FP and LF supplement groups at different time intervals
revealed a significantly lower colour change in the LF group
than in the FSand FP groups at all-time points. In the present
study, O] did not cause an increase in the colouring potential
of iron supplements. Thus, mixing supplements with O} to
enhance iron absorption and improve the taste for children
did not negatively affect tooth discoloration.

In studies examining the effect of iron supplements on
tooth discoloration, colour analysis was conducted using
the mean discoloration value (DE) (5,19). The L, a"and b"
parameters are utilised to evaluate the effect of colour change
(22). Studies evaluating the effect of iron supplements on the
discoloration of primary teeth in terms of L"a" b* parameters
are lacking. Thus, the current study is the first to evaluate the
effect of iron supplements on colour change in primary teeth
using the L'a” b* colour parameters. In terms of the L™ value,
teeth in the LF group showed a lighter colour appearance
than those in the FS and FP groups. In terms of the a* value,
teeth in the FP group exhibited a redder colour appearance
than those in the FS and LF groups; this colour difference
may be attributable to the dark red colour of the iron drop
containing FP. In terms of the b* value, teeth in the FS and
FP groups exhibited a more yellow colour appearance than
those in the LF group.

Several factors influence the colour and appearance
of teeth; for example, an increase in the roughness of the
tooth surface can facilitate the attachment of chromogenic
pigments and bacterial biofilm (23). Many studies have
shown that the low pH of iron supplements can cause
demineralisation of tooth surfaces and tooth erosion
(9,24,25). In vitro studies using microhardness and surface
roughness analyses have evaluated whether and to what
extent dental hard tissues are affected by erosion (9,21,26).
Various instruments equipped with optical or mechanical
sensors are utilised to measure the surface roughness and
topography. Profilometers are preferred for examining the
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surface properties of dental materials. In the present study,
changes in enamel surface roughness were evaluated using
a mechanical profilometer. Surface roughness analysis
performed by quantitative methods, such as a profilometer
and supported by qualitative measurements (like SEM, as
utilised in the present study) contributes to the reliability of
the results (27,28).

The findings of the present study revealed no significant
difference in surface roughness among the groups examined.
In another study employing a similar methodology, FS-
containing iron drops with erosive potential were diluted
with natural apple juice, reducing the adverse effects on
the tooth surface (4). In the present study, the combination
of iron supplements with OJ had no substantial impact on
the enamel surface roughness. This may be attributed to the
dilution of the supplements, which minimises the negative
effects.

The present study utilised extracted primary canine teeth
to evaluate the effect of different iron supplement groups
on primary teeth. The study was conducted under in vitro
conditions. However, in vitro studies face challenges in
accurately reflecting the intraoral environmental conditions,
making it impossible to mimic the oral environment
completely (29,30). Therefore, the tooth samples were stored
in an artificial saliva solution during the immersion cycles
to simulate the oral environment for evaluating the erosive
activity (30).

In the present study, the most prescribed preparations
of iron supplements were preferred and their results were
evaluated. However, each preparation contains varying
amounts of preservative additives and by-products (31). Pure
iron salts were not preferred because they are difficult to
dose and supply.

Study Limitations

Despite the results being interpreted in relation to the
type of iron supplements administered, the by-products
contained within the supplements may have exerted some
influence, which could represent a significant limitation of
the study.

Iron supplements containing Lipofer® caused less
tooth discoloration than those containing FP and FS. The
administration of iron supplements mixed with 0J did
not increase the colouring potential of iron on the teeth.
Therefore, it may be recommended to mix iron supplements
with 0] to increase absorption and enhance the taste of the
medicine for children. When administered in conjunction
with O] or DW, the three distinct iron supplements did
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not induce any surface texture alterations. Although a
mechanical profilometer device was used to evaluate the
surface roughness in this study, an optical profilometer or
atomic force microscopy may provide more reliable results
in the future.

Conclusion

The results of this study may serve as a practical guide
for healthcare professionals working with children, such
as pediatric dentists, pediatricians, and family physicians,
as well as for parents. Moreover, this is the first study to
examine the effects of ferrous sulfate, ferric polymaltose,
and Lipofer®-containing iron preparations combined with
orange juice on the enamel of primary teeth, specifically in
terms of discoloration and surface roughness. These findings
provide a scientific basis for future research evaluating the
combined use of iron supplements and supportive agents
such as orange juice. Within the limitations of this in vitro
study, mixing iron supplements with orange juice did not
increase discoloration or surface roughness. However, clinical
studies are needed to confirm these findings before making
definitive recommendations.
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Abstract

Introduction: Early childhood development is critical for lifelong health and well-
being, influenced by parenting practices and socioeconomic conditions, particularly
in low- and middle-income countries like Vietnam. This study examines how
positive discipline and socioeconomic factors shape developmental outcomes in
young children.

Materials and Methods: Data from 2,705 children aged 24-59 months were
analyzed from a national survey conducted in Vietnam from 2020 to 2021. A 20-
item index assessed health, learning, and psychosocial outcomes. Multivariable
logistic regression, adjusted for maternal education, residence, ethnicity, and
wealth, evaluated associations with discipline practices.

Results: Positive discipline, such as explaining behavior or offering alternatives,
was associated with better developmental outcomes (odds ratio= 2.37 and 2.10,
respectively). Higher maternal education (odds ratio= 1.84, p<0.001), urban
residence (odds ratio= 1.48, p=0.013), pre-primary education attendance (odds
ratio= 1.74, p<0.001), and majority ethnicity (odds ratio= 2.37, p<0.001) also
associated with improved outcomes. Violent discipline showed no significant effect
(p=0.82). Rural and ethnic minority children faced developmental disparities.
Conclusion: Positive discipline and favorable socioeconomic conditions enhance
early childhood development in Vietnam. Interventions like parenting training and
expanded early education access can reduce disparities, particularly for rural and
ethnic minority families, improving pediatric outcomes.

0z

Giris: Erken cocukluk gelisimi, ozellikle Vietnam gibi disiuk ve orta gelirli
ulkelerde, ebeveynlik uygulamalari ve sosyoekonomik kosullardan etkilenerek
yasam boyu saglik ve esenlik icin kritik 6neme sahiptir. Bu calisma, olumlu
disiplin ve sosyoekonomik faktorlerin kiictik cocuklarda gelisimsel sonuclari nasil
sekillendirdigini incelemektedir.

Gereg ve Yontem: 2020-2021 yillari arasinda Vietnam’da gerceklestirilen ulusal bir
anketten, 24-59 aylik 2.705 ¢ocuga ait veriler analiz edildi. 20 maddelik bir endeks,
saglik, ogrenme ve psikososyal sonuclari degerlendirdi. Anne egitimi, ikamet yeri,

etnik koken ve refah diizeyine gore ayarlanmis cok degiskenli lojistik regresyon,
disiplin uygulamalariyla iliskileri degerlendirdi.
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Bulgular: Davranisi aciklama veya alternatifler sunma gibi olumlu disiplin, daha iyi gelisimsel sonuclarla iliskilendirilmistir (sirasiyla
olasihk orani= 2,37 ve 2,10). Daha yiiksek anne egitimi (olasilik orani= 1,84, p<0,001), kentsel ikamet (olasilik orani= 1,48, p=0,013),
okul oncesi egitime katihm (olasilik orani = 1,74, p<0,001) ve cogunluk etnik kokeni (olasilik orani = 2,37, p<0,001) da iyilestirilmis
sonuclarla iliskilendirilmistir. Siddet iceren disiplinin anlamli bir etkisi olmadig gorildi (p=0,82). Kirsal kesimdeki ve etnik azinlik

cocuklarinda gelisimsel farkliliklar gozlendi.

Sonuc: Olumlu disiplin ve elverisli sosyoekonomik kosullar, Vietnam’da erken cocukluk gelisimini destekler. Ebeveynlik egitimi ve
erken egitime erisimin genisletilmesi gibi miidahaleler, ozellikle kirsal ve etnik azinlik aileleri icin esitsizlikleri azaltarak pediatrik

sonuclari iyilestirebilir.

Introduction

The international community, supported by decades of
research, recognizes early childhood as a critical period in
human development. During these formative years, children
acquire essential skills and capacities that serve as the
foundation for future learning and growth. Early childhood
development (ECD), typically defined as the developmental
period from birth to approximately eight years of age,
encompasses a broad range of domains, including motor,
cognitive, language, socio-emotional, and self-regulatory
competencies (1,2). Globally, more than 200 million children
in low- and middle-income countries (LMICs) are estimated
to fail to reach their full developmental potential within
the first five years of life due to factors such as poverty,
inadequate nutrition, and limited access to early learning
opportunities (3). The caregiving environment is a key
determinant of ECD, with socioeconomic status, parental
education, and parenting practices playing significant roles
(4,5). Research consistently shows that higher maternal
education and household wealth are associated with better
developmental outcomes, as they enable enriched caregiving
environments and access to resources (4-6). Similarly, access
to early childhood education, such as pre-primary programs,
is linked to improved cognitive and social skills, particularly
in disadvantaged populations (2,7). Parenting styles,
particularly positive discipline strategies like explaining
behavioral expectations or redirecting misbhehavior, are
associated with enhanced emotional regulation and
problem-solving abilities, while harsh disciplinary measures,
such as physical punishment, are linked to increased risks of
behavioral and emotional difficulties (8-10).

In Vietnam, ECD has gained increasing attention as
policymakers recognize its role in supporting long-term
educational and socioeconomic outcomes. Studies have
identified key developmental risk factors, including
socioeconomic disparities, limited access to quality early
education, and prevalent use of punitive discipline practices
(8,9). For instance, research in Vietnam has shown that
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children in rural areas and from ethnic minority groups face
greater developmental challenges due to systemic inequities
in income, education, and service access (8,11,12). While
progress has been made in expanding pre-primary education,
disparities persist, with urban children and those from the
Kinh/Hoa majority benefiting more than their rural and
ethnic minority counterparts (12). Additionally, traditional
disciplinary approaches, including spanking and shouting,
remain common, potentially affecting children’s socio-
emotional well-being (9). These findings align with global
evidence from LMICs, where socioeconomic and cultural
factors shape ECD outcomes, yet the specific interplay of
these determinants remains underexplored (4,6,13).

Despite this knowledge, significant gaps remain in
understanding how multiple determinants interact to
shape ECD, particularly in the context of the Early Childhood
Development Index 2030 (ECDI2030), a standardized
measure designed to track developmental progress across
health, learning, and psychosocial well-being (1). Previous
studies using MICS data have provided valuable insights into
ECD determinants. For example, Frongillo et al. (14) analyzed
Multiple Indicator Cluster Survey (MICS) data from 29 LMICs
and found that positive family care behaviors, such as
providing books and engaging in stimulating activities, were
associated with better ECD outcomes, while harsh discipline
was linked to poorer developmental progress. In Vietnam,
while studies have explored socioeconomic disparities
and parenting practices separately (10,12), there is limited
evidence on how these factors collectively relate to ECDI2030
outcomes, especially among children aged 24-59 months,
a critical period for school readiness. Internationally,
this gap is particularly relevant for LMICs, where diverse
socioeconomic and cultural contexts, like Vietham’s urban-
rural divide and ethnic diversity, mirror challenges faced by
millions of children at risk of developmental delays (3,6).
Furthermore, the recent adoption of the ECDI2030 provides
a unique opportunity to assess these associations using a
globally comparable metric, yet few studies have applied
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this measure to explore discipline and socioeconomic factors
together in LMIC settings.

This study aims to address these gaps by investigating
the associations of residence, ethnicity, maternal education,
pre-primary attendance, and positive discipline practices
with ECDI2030 outcomes among Vietnamese children aged
24-59 months, using data from the Vietnam MICS 2020-2021
(15). By analyzing a nationally representative dataset, the
study seeks to generate evidence on how these determinants
interact in Vietnam’s diverse socioeconomic and cultural
context, offering insights for targeted interventions to reduce
developmental disparities. For an international audience,
this study contributes to the global literature by providing
a case study of how positive discipline and socioeconomic
factors relate to ECD in an LMIC, informing scalable strategies
for other countries with similar challenges, such as rural-
urban disparities, ethnic inequities, and prevalent use
of harsh discipline (3,13). Ultimately, the findings aim to
support evidence-based policies to promote equitable ECD
outcomes in Vietnam and beyond.

Materials and Methods

Sources of Data and Sampling

This secondary analysis utilized the Vietnam Multiple
Indicator Cluster Survey (MICS6) 2020—2021, a nationally
representative cross-sectional survey conducted by the
General Statistics Office with UNICEF and UNFPA support. The
MICS6 employed a stratified, multi-stage cluster sampling
design to ensure representativeness across urban/rural areas,
socioeconomic strata, and ethnic groups (15).

Ethics committee approval was waived by the Institutional
Review Board of Hue University of Medicine and Pharmacy,
as this study was a secondary analysis of de-identified data
from the Vietnam Multiple Indicator Cluster Survey (MICS)
2020-2021. All procedures adhered to the ethical standards
of the 1964 Helsinki Declaration and its later amendments.

Participants

A total of 2,705 children aged 24-59 months were
included. Eligibility was determined by the MICS survey
design, and all children with complete data on ECDI2030 and
discipline were analyzed.

Measurement

ECDI2030: The ECDI2030 comprises 20 items across three
domains (learning, psychosocial well-being, and health).

A child was considered “on track” if performance standards
were met for age-appropriate tasks (1).

Number of children aged 24 — 59 months
who have achieved the minimun number of
milestones expected for their age groud

ECDI2030 = Total number of children aged 24 — 59 months

Discipline practices: Caregivers reported discipline
behaviorsin the past month. Following UNICEF methodology,
we distinguished:

» Positive discipline: Explaining why behavior was
wrong, offering an alternative activity, or removing privileges.

* Violent discipline: Including both psychological
aggression and  physical punishment.  Psychological
aggression comprised behaviors such as shouting, yelling, or
calling the child offensive names, while physical punishment
included spanking with a bare hand, slapping, hitting with
an object (e.g., a belt or stick), or other forms of physical
force (14).

Covariates: Maternal education (low < secondary vs. high
> secondary), residence (urban vs. rural), ethnicity (majority
Kinh/Hoa vs. minority), and pre-primary attendance were
included as covariates.

Statistical Analysis

Multivariable logistic regression was used to estimate
odds of being on track in ECDI2030 (15). To control for
confounding, models were adjusted for key variables
identified as potential confounders based on prior literature
and their association with both exposures and ECDI2030
outcomes (4,5,11,12). Results are reported as odds ratios
(ORs) with 95% confidence intervals (Cls). Interaction terms
for ethnicity x residence and ethnicity x discipline were tested
but found nonsignificant. Analyses were performed in R4.3.1
and SPSS 20.0.

Results

Descriptive Statistics and Child Discipline

The study analyzed 2,705 children aged 24-59 months
from the Vietnam MICS 2020-2021 dataset, reflecting
Vietnam’s diverse population. As shown in Table 1, the
sample was balanced by sex (52.6% male, 47.4% female)
and age (30.5% aged 24-35 months, 33.7% aged 3647
months, 35.9% aged 48-59 months). Most children lived
in rural areas (75.5% vs. 24.5% urban), and 78.9% attended
pre-primary education, indicating broad but uneven access

J Curr Pediatr 2026;24(2):89-96
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Table 1. Characteristics of children aged 24-59 months,
Vietnam, 2021 (n=2705)

Characteristics n %
Male 1423 | 52.6
Sex
Female 1282 | 47.4
24 to 35 months 824 |30.5
Age 36t0 47 months | 911 |33.7
48 to 59 months | 970 | 35.9
Urban 663 | 245
Area
Rural 2042 | 75.5
. Attending 1485 | 78.9
Attendance to pre-primary -
Not attending 396 | 21.1
No education 5 0.2
i Primary 301 | 144
Maternal education
Secondary 704 | 33.7
Higher 1081 | 51.7
Ethnicity of household Majority 1444|534
head Minority 1261 | 46.6

Data from Vietnam MICS 2020-2021. Percentages may not sum to 100% due to
rounding

to early learning. Maternal education varied widely - 51.7%
had higher education, 33.7% secondary, 14.4% primary, and
0.2% none - highlighting disparities in caregiver resources.
Ethnicity was nearly evenly split (53.4% Kinh/Hoa majority,
46.6% minority), underscoring the need to address ethnic
inequities.

Table 2 outlines child discipline practices, revealing a mix
of approaches. Positive discipline was common, with 80.1% of

caregivers explaining why behavior was wrong, 31.9% taking
away privileges, and 13.5% suggesting alternative activities.
These practices foster emotional and cognitive growth by
encouraging understandingand self-regulation. However, harsh
methods were also prevalent: 60.6% shouted or yelled, 47.4%
spanked with a bare hand, and 10.3% used objects like belts
or sticks, potentially undermining socio-emotional well-being.
Severe practices, such as slapping the face (1.7%) or beating
(0.4%), were rare but concerning. Notably, only 7.1% of mothers
endorsed physical punishment, suggesting an opportunity to
shift norms toward positive discipline through education.

ECDI Domains

Figure 1 illustrates ECDI2030 performance, with 71% of
children developmentally on track. Gross motor skills, such
as walking on uneven surfaces, were consistently strong
across ages, reflecting early physical development. Language
and cognitive skills, like forming five-word sentences or
recognizing five letters, improved significantly from 24
- 29 to 48 - 59 months, indicating that older children are
better equipped for school readiness. This developmental
progression highlights the importance of early interventions
to support language and literacy, especially for children at
risk of falling behind.

Socioeconomic Status and Education Impact

Table 3 examines socioeconomic factors associated
with ECDI2030 outcomes. Multivariable logistic regression
showed that urban children had 48% higher odds of meeting
developmental benchmarks (OR=1.48, p=0.013) than rural

Table 2. Child discipline for children aged 24-59 months in Vietnam, 2021 (n=2705)

Child discipline n %
Took away privileges 862 31.9
Explained wrong behavior 2167 | 80.1
Shook him/her 93 3.4
Shouted, yelled, screamed 1638 60.6
Gave something else to do 364 13.5
Spanked, hit, slapped on bottom with bare hand 1283 | 474
Hit with belt, hairbrush, stick or other hard object 278 10.3
Called dumb, lazy or another name 154 5.7
Hit/slapped on face, head or ears 47 1.7
Hit/slapped on hand, arm or leg 385 14.2
Beat up, hit over and over as hard as one could 10 0.4
Mother believes that in order to bring up, raise, or educate a child properly, the child needs to be physically punished | 192 7.1

Data from Vietnam MICS 2020-2021. Percentages reflect proportion experiencing each method

J Curr Pediatr 2026;24(2):89-96
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Figure 1. ECDI for children aged 24-59 months in Vietnam, 2021
(n=2705)

The figure illustrates the proportion of children developmentally on
track across gross motor, language, and cognitive skills, stratified
by age groups (24-29, 30-35, 36-47, and 48-59 months), based
on the Early Childhood Development Index 2030 (ECDI2030). Data
were sourced from the Vietnam Multiple Indicator Cluster Survey
(MICS) 2020-2021 (n=2705). Motor skills include tasks like walking
on uneven surfaces; language skills include forming sentences of five
or more words; cognitive skills include recognizing five letters of the
alphabet

peers, likely due to better access to resources and education.
Pre-primary attendance was associated with 74% higher odds
(OR=1.74, p<0.001), underscoring the role of structured
early learning in boosting cognitive and social skills.
Children of mothers with higher education had 84% higher
odds (OR=1.84, p<0.001), reflecting enriched caregiving
environments. Majority ethnic (Kinh/Hoa) children had
over twice the odds of achieving ECDI2030 benchmarks
(OR=2.37, p<0.001) compared to minority groups, signaling
systemic inequities that require targeted interventions.
These disparities emphasize the need for policies to expand

equitable access to education and resources, particularly for
rural and ethnic minority communities.

Discipline Impact

Table 4 highlights the associations of discipline on
ECDI2030. Positive discipline practices were associated with
better outcomes: explaining wrong behavior increased odds
by 137% (OR=2.37, p=0.42) and offering alternative activities
by 110% (OR=2.10, p<0.001). These approaches promote
emotional regulation and problem-solving, critical for long-
term development. A binary dummy variable for positive
discipline (1= positive, e.g., explaining, alternatives; 0=
non-positive, e.g., shouting, spanking) showed a significant
positive association (OR=1.89, p=0.02), reinforcing the
benefits of positive practices. In contrast, violent discipline
showed no significant impact in multivariable models,
suggesting they neither enhance nor consistently harm
ECDI2030 outcomes in this context, possibly due to cultural
norms. These findings advocate for promoting positive
discipline to support developmental outcomes, offering a
practical pathway for parenting interventions.

A visual overview of associations is provided in Figure 2
(Infographic Summary of Key Findings).

Discussion

Our findings indicate significant associations between
positive discipline, socioeconomic determinants, and ECD
outcomes in Vietnam based on the MICS 2020-2021 survey.
Positive discipline was associated with higher ECDI2030
achievement (OR 1.45, p<0.001), consistent with global
evidence demonstrating the beneficial effects of supportive
parenting practices on child development (2,8,16). Recent
evidence further supports this relationship. A study from
Turkey reported that positive parenting behaviors were
associated with improved social-emotional competence
and reduced behavioral difficulties among young children,
highlighting the importance of nurturing caregiving
environments for optimal developmental outcomes (17).
Similarly, a recent international study emphasized that
responsive caregiving and positive parent-child interactions
are key contributors to healthy early childhood development
across diverse socioeconomic settings (18).

Higher maternal education and household wealth were
also associated with better developmental outcomes in our
study, aligning with findings from Bangladesh, where Alam
et al. (19) reported comparable effects of socioeconomic
factors on ECD using MICS data as well as studies from
other low- and middle-income countries (4,6,13). These

J Curr Pediatr 2026;24(2):89-96
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2021 (n=2705)

Table 3. The role of socioeconomic status, and education on ECDI among children aged 24-59 months in Vietnam,

L .. . Multivariable logistic
ch teristi ECDI2030 Univariable logistic regression regression
aracteristics
OR (95% Cl)
p OR(95%Cl) |p
s Male 69.6 0.87 (0.72-1.02) 0.089
ex
Female 72.5
A Urban 82.8 2.36(1.88-2.35) <0.001 1.48 (1.09-2.03) 0.013
rea
Rural 67.1
, Attending 70.4 1.66 (1.32-2.08) <0.001 1.74 (1.30-2.33) | <0.001
Attendance to pre-primary -
Not attending 59.1
i Low education 60.1
Mother’s education - -
High education 78.0 2.35(1.82-3.03) <0.001 1.84 (1.33-2.53) <0.001
. Majority 82.0 3.25(2.73-3.87) <0.001 2.37(1.82-3.08) | <0.001
Ethnicity of household head —
Minority 58.4

residence, ethnicity, and household wealth. Survey weights and cluster design applied

Data from Vietnam MICS 2020-2021. ECDI2030 = proportion developmentally on track. OR=0dds ratio; 95% Cl= 95% confidence interval. Adjusted for maternal education,

Table 4. The role of child discipline on ECDI among children aged 24-59 months in Vietnam, 2021 (n=2705)

L ECDI2030 Univariable logistic regression Multivariable logistic regression
Child discipline
(Yes/No) OR (95% C1) p OR (95% Cl) p
Positive discipline” 75.1/54.1 2.56 (2.10-3.12) <0.001 1.89 (1.13-2.66) 0.020
Explained wrong behavior 75.2/54.2 2.56 (2.11-3.11) <0.001 2.37 (1.05-3.67) 0.042
Gave something else to do 84.6/68.8 2.13 (1.61-2.83) <0.001 2.10 (1.34-2.91) <0.001
Discipline (non-violent vs. Violent) 66.6/72.2 0.77 (0.63-0.93) 0.008 0.98 (0.79-1.20) 0.82

Data from Vietnam MICS 2020-2021. *Positive discipline: 1= explaining behavior or offering alternatives, 0= non-positive. OR=0dds ratio; 95% Cl= 95% confidence interval.
Adjusted for maternal education, residence, ethnicity, and household wealth. Survey weights and cluster design applied

findings suggest that socioeconomic resources may enhance
children’s developmental opportunities through improved
access to education, health services, and stimulating home
environments. Although the cross-sectional design limits
causal inference, the observed associations indicate that
interventions promoting positive discipline alongside
policies addressing socioeconomic disparities may contribute
to improved early childhood development outcomes.

The MICS6 data indicates a high prevalence of violent
discipline (78.2% of children experienced psychological
aggression or physical punishment in the past month), but
also 80.4% of children experienced positive discipline (e.g.,
explaining wrong behavior, 80.1%; giving something else
to do, 13.5%). In multivariable logistic regression, positive
discipline was associated with higher ECDI2030 achievement
(OR=1.89, p<0.001, Table 4), affirming the benefits of
supportive parenting practices. These practices, rooted
in reasoning and redirection, foster emotional regulation

J Curr Pediatr 2026;24(2):89-96

and cognitive growth, consistent with findings from meta-
analyses and MICS-based studies (2,8,16,20).

This diverges from evidence linking corporal punishment
to increased aggression, anxiety, and developmental delays
(3,9,21,22). The lack of effect may stem from cultural
acceptance of physical discipline in Vietnam (10), the
ECDI2030’s broad focus (1), or a desensitization to moderate
punishment in high-prevalence settings (23). Notably, only
7.1% of mothers endorsed physical punishment, a trend
echoing shifts in parenting norms observed elsewhere (5,24),
suggesting potential for behavior change with education (10).

Socioeconomic factors were critical predictors of ECD
(Table 3). Urban residence (OR=1.484, p=0.013) conferred
advantages over rural areas, reflecting disparities in
resources and early learning access, a pattern noted in
Vietnam (12) and across developing nations (4,6), Pre-
primary attendance (OR=1.737, p<0.001) strongly associated
with better outcomes, supporting evidence that structured
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Figure 2. Infographic summary of key findings

early education is linked to improved cognitive and social
skills  (2,7). Maternal education’s impact (OR=1.835,
p<0.001) aligns with research linking caregiver education to
enriched environments and health practices (4,5,25). Ethnic
disparities were pronounced, with majority ethnic children
outperforming minorities (OR=2.365, p<0.001), a gap tied to
systemic inequities in income, education, and services (11),
mirroring global patterns of disadvantage.

Developmental trends in Figure 1 - strong motor skills
acrossages, with language and literacy advancing later - reflect
typical ECD sequences (1,2). This suggests foundational skills
are widely attained, but gaps in higher-order competencies
may grow without intervention, particularly for rural and
minority groups (12,26).

This study has several limitations that should be
acknowledged. First, the cross-sectional design restricts
causal inference, as associations between discipline practices,
socioeconomic factors, and developmental outcomes cannot
establish directionality. Second, all measures relied on
caregiver reports, which may be subject to recall bias and
social desirability effects. Third, the composite ECDI2030
index may obscure domain-specific differences in health,
learning, and psychosocial development. Fourth, important
family-context variables - including father’s involvement,

mother’s social support, the presence of siblings or peers,
and reasons for preschool enrollment - were not collected in
the MICS dataset; their absence may limit interpretation, as
these factors are known to shape early development. Finally,
no study-specific power calculation was conducted, although
the MICS survey was nationally designed to ensure adequate
statistical power for key indicators. Future studies should
consider longitudinal approaches, conduct power analyses
tailored to specific research questions, and incorporate
qualitative insights into discipline norms to further elucidate
these relationships (10,27).

Conclusion

Positive discipline practices, higher maternal education,
urban residence, majority ethnicity, and pre-primary
attendance are associated with improved ECD outcomes in
Vietnam. Policymakers should prioritize interventions that
(1) promote positive discipline through parenting education,
(2) expand access to early education in rural and minority
communities, and (3) address structural inequities in
education and resources.
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Abstract

Introduction: The development of bronchopulmonary dysplasia (BPD) is
multifactorial, and the extent to which individual risk factors influence its
development may vary. The aim of this study is to analyse the risk factors for BPD
and to determine preventive future approaches for them.

Materials and Methods: This study was conducted on newborns with a gestational
age <32 weeks. admitted to the neonatal intensive care unit, Antenatal, natal, and
postnatal risk factors for premature infants were evaluated by collecting data from
patient files using a retrospective cross-sectional descriptive study method.
Results: According to the inclusion criteria, 539 patients were included in the study.
BPD was detected in 172 patients (31.9%) at any stage (mild-moderate-severe).
Low gestational age, low birth weight, delayed transition to enteral feeding, low
free thyroxine levels, delayed initiation of vitamin D supplementation, erythrocyte
transfusion and counts, and prolonged respiratory support durationwere found
to be risk factors for BPD development (p<0.05). According to the results of the
multivariate logistic regression analysis, the day of oxygen restriction [odds ratio
(OR), 1.332; 95% confidence interval (Cl) 1.064-1.667, p=0.012] and red blood
cell transfusion (OR 41.865, 95% Cl 1.337-1310.596, p=0.034) were found to be
independent risk factors for BPD.

Conclusion: In our study, oxygen support period and erythrocyte transfusion may
independent risk factors for BPD development. Additionally, as a significant new
finding, we determined that low free thyroxine levels and delayed initiation of
vitamin D supplementation may be related to the severity of BPD.

0z

Giris: Bronkopulmoner displazinin (BPD) gelisimi cok faktorltdur ve bireysel risk
faktorlerinin gelisimini etkileme derecesi degisebilir. Bu ¢alismanin amaci, BPD
icin risk faktorlerini analiz etmek ve bunlar icin gelecekteki onleyici yaklasimlari
belirlemektir.

Gere¢ ve Yontem: Bu calisma, gebelik yasi <32 hafta olan ve yenidogan yogun
bakim tnitesine yatirilan yenidoganlar tzerinde gerceklestirilmis olup, premattire
bebekler icin dogum oncesi, dogum sirasi ve dogum sonrasi risk faktorleri,

retrospektif kesitsel tanimlayici calisma yontemi kullanilarak hasta dosyalarindan
veri toplanarak degerlendirilmistir.
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Bulgular: Dahil edilme kriterlerine gore, calismaya 539 hasta dahil edildi. BPD, herhangi bir evrede (hafif, orta, siddetli) 172 hastada
(%31,9) tespit edildi. Dusuik gebelik yast, diisiik dogum agirligi, enteral beslenmeye gecisin gecikmesi, diisiik serbest tiroksin seviyeleri,
D vitamini takviyesinin gecikmeli baslatilmasi, eritrosit transfiizyonu ve sayimlari ve uzun siireli solunum destegi stiresi, BPD gelisimi
icin risk faktorleri olarak bulundu (p<0,05). Cok degiskenli lojistik regresyon analizinin sonuglarina gore, oksijen kisitlamasinin
uygulandigi giin [olasilik orani (OR), 1,332; %95 gliven araligi (Cl) 1,064—1,667, p=0,012] ve kirmizi kan hiicresi transfizyonu (OR
41,865, %95 CI 1,337-1310,596, p=0,034) BPD icin bagimsiz risk faktorleri olarak bulundu.

Sonug: Calismamizda, oksijen destegi siiresi ve eritrosit transflizyonu, bronkopulmoner displazi (BPD) gelisimi icin bagimsiz risk
faktorleri olabilecegi belirlenmistir. Ayrica, onemli yeni bir bulgu olarak, dusiik serbest tiroksin seviyelerinin ve D vitamini takviyesine
ge¢ baslanmasinin BPD'nin siddetiyle iliskili olabilecegini tespit ettik.

Introduction

Northway and colleagues were the first to observe
bronchopulmonary dysplasia (BPD) approximately half
a century ago. BPD has been defined as a chronic lung
disease resulting in pulmonary fibrosis following mechanical
ventilation treatment due to respiratory distress in a
relatively larger number of premature infants (1). In time,
with the development of treatment strategies aimed at
reducing respiratory distress and premature morbidity,
smaller premature babies are able to survive. A new clinical
presentation is emerging in the alveolar and pulmonary
vascular structures of smaller preterm infants due to
impaired extrauterine development. Chronic respiratory
failure in small preterm infants is currently defined as “New
BPD.” According to current guidelines, premature infants
born before 32 weeks of gestation who require respiratory
support by the time they reach the postmenstrual corrected
36" week are diagnosed with BPD at different stages (2).

The maturation of the pulmonary system in premature
infants continues even after birth (2). The pathogenesis of
BPD in preterm infants involves an inflammatory cascade that
leads to impaired alveolarization and abnormal angiogenesis
during lung development (3). During the extrauterine
pulmonary development period oxygen, invasive respiratory
support and numerous prenatal and postnatal factors may
increase the risk of BPD development. Nevertheless, the
most important known risk factors for BPD development
are low gestational age and weight at birth (1). The presence
of genetic and environmental factors in the development
of BPD in preterm infants can further complicate the
pathophysiology. The degree of severity of the effects of all
other additional risk factors on BPD development may vary
between neonatal intensive care units and over time (3).

BPD is the most significant respiratory morbidity in
premature infants and methods developed to reduce BPD
are primarily based on identifying risk factors, followed by
reducing these risk factors and implementing preventive
approaches (3,4). Therefore, identifying BPD risk factors
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is crucial to help prevent BPD (5). There is still a need for
current research on the pathophysiology, risk factors and
treatment of BPD. As the influence of BPD risk factors differs
across neonatal units, ongoing evaluation of changes in
these risk patterns over time is necessary (2,6,7).

According to our study hypothesis, identifying BPD risk
factors in premature infants in our unit may enable us to
develop preventive and therapeutic approaches for potential
BPD risk factors in the future. This can lead to improved
quality of care for premature infants and a reduction in the
severity or frequency of BPD and improved quality of life.
Our study aimed to facilitate clinical decision-making by
identifying prenatal, natal, and postnatal BPD risk factors
in preterm infants born at <32 weeks of gestation, enabling
early prediction and prevention of BPD.

Materials and Methods

Design and Participants

This study was conducted on premature newborns with
a gestational age <32 weeks who were admitted to the
Neonatal Intensive Care Unit at Ankara Bilkent City Hospital
Children’s Hospital and Women'’s Hospital of Health Sciences
University between September 1, 2019, and December 31,
2020. The data from our study population were evaluated
using a retrospective cross-sectional descriptive study
method to identify antenatal, natal, and postnatal risk
factors for BPD. Newborns with a gestational age >32 weeks
and those with major congenital anomalies were excluded
from the study. The criterion of oxygen support requirement
on postnatal 28" day was used for staging the severity of BPD
in the neonatal period. Therefore, patients born at <32 weeks
gestation and lost within the first 28 days were excluded
from the study.

Ethical approval was obtained before the study
commenced from the Clinical Research Ethics Committee
of University of Health Sciences Turkiye, Ankara Bilkent City
Hospital, Hospital (decision no. E2-21-364, date: 07.04.2021).
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The study process was performed by the researchers in
accordance with the Helsinki principles.

Demographic and Clinical Characteristics

Patient data were obtained from patient files and
the hospital-based electronic data system. The patients’
prenatal, natal, and postnatal history, demographic data
laboratory results, and treatments were recorded for the
study. Patients’ gestational age at birth, birth weight, sex,
maternal age, preeclampsia, gestational diabetes mellitus,
multiple pregnancy, antenatal steroids, chorioamnionitis,
mode of delivery, 1. and 5. minute Apgar scores, clinical
risk index for babies (CRIB) Il score, score for neonatal
acute physiology perinatal extension (SNAP-PE) Il score,
delivery room resuscitation (positive pressure ventilation
or intubation or cardiac compression), time to start vitamin
D supplementation, free thyroxine (fT4) levels, thyroid-
stimulating hormone (TSH) levels, time to transition to
full enteral feeding, early neonatal sepsis (within the first
3 days of hirth) late-onset neonatal sepsis (after the first 3
days), respiratory distress syndrome (RDS), hemodynamically
significant patent ductus arteriosus (PDA) requiring
medical treatment, (stage >2) necrotizing enterocolitis
(NEQ), retinopathy of prematurity (ROP), severe (>stage 3)
intraventricular hemorrhage (IVH), need for erythrocyte
transfusion, number of erythrocyte transfusions, total
noninvasive ventilation time, mechanical ventilation time,
oxygen support time, length of stay, and mortality data were
recorded. Vitamin D was administered orally at a dose of 1200
IU/day for each infant. In all our study patients, fT4 and TSH
levels were assessed on the 10" postnatal day as a standard
procedure. Both early and late neonatal sepsis were defined
as sepsis in patients with culture-positive and clinical sepsis.
RDS was defined for patients with surfactant deficiency who
received surfactant. According to our unit transfusion policy,
all erythrocyte transfusions are administered at a dose of
10 ml/kg. Patients were grouped as having no BPD, mild,
moderate, and severe BPD and were compared in terms of
demographic and clinical characteristics.

Bronchopulmonary Dysplasia Classification

BPD classification is performed for preterm infants born
before 32 weeks of gestation at 36 weeks postmenstrual (PM)
or at the time of hospital discharge. Premature infants must
have received at minimum 21% oxygen support therapy
for the first 28 days to be discharged or, if not receiving
oxygen support at 36 weeks gestational age, have mild BPD,

if the patient requires <30% oxygen support, it is classified
as moderate BPD and if the patient requires >30% oxygen
support or positive pressure ventilation support, it is classified
as severe BPD (2).

Statistical Analysis

The number (n) and percentage (%) values were used to
show the distribution of the individuals in the demographic
information. The normality of the continuous variables
included in the study was assessed graphically and using the
Shapiro-Wilk test. Median (minimum-maximum) values were
used in the presentation of descriptive statistics. According to
the BPD status, cross-tables were created for the comparison
of categorical variables, and the number (n), percentage (%),
and chi-square (y?) test statistic were given. Kruskal-Wallis
was used to compare continuous variables according to
BPD status. Analysis results were presented with Bonferroni
correction for paired comparisons. Potential risk factors may
be associated with BPD were examined using multivariate
logistic regression analyses. Results are presented as odds
ratios (Exp (B)] and 95% confidence intervals. IBM SPSS
Statistics 21.0 (IBM Corp. Released 2012. IBM SPSS Statistics
for Windows, Version 21.0. Armonk, NY: IBM Corp.) and MS-
Excel 2007 software was used for statistical analyses and
calculations. Statistical significance was defined as p<0.05.

Results

Atotal of 687 preterm infants born at <32 weeks gestation
during the study period were reviewed. Since patients must
survive for at least 28 days to receive a BPD diagnosis, 148
patients who died before the first 28 days were excluded
from the study, and statistical analysis was performed on 539
patients.

BPD was not detected in 68.1% (n=367) of the total
539 patients, while it was detected in 31.9% (n=172) at any
stage. Of the 172 patients with BPD, 12.6% (n=68) had mild
BPD, 9.3% (n=50) had moderate BPD, and 10.0% (n=54) had
severe BPD. The prevalence of BPD at any stage was found to
be 31.9% (n=172). Of the patients 42.7% (n=220) were female
and 57.3% (n=319) male gender. The mean gestational age
was determined to be 29.7+2.4 weeks.

There was no significant difference between genders
according to BPD stages. BPD severity increased significantly
as birth weight and gestational age decreased among
groups with birth week <28 weeks and >28-32 weeks,
and birth weight <750 g, 750-1000 g, 1000-1500 g, and
>1500 g (Table 1).

J Curr Pediatr 2026;24(2):97-104
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Table 1. Comparison of gender, gestational age, and birth weight according to bronchopulmonary dysplasia
classification
Bronchopulmonary dysplasia
. None Mild Severe
Variables (n=367) (n=68) Moderate (n=50) (n=54) p
n (%) n (%) n (%) n (%)
Gender
Female 166 (45.2) 24 (35.3) 20 (40.0) 23 (43.4) 0481
Male 201 (54.8) 44 (64.7) 30 (60.0) 31 (56.6)
Gestational age
<28 weeks 51 (13.7) 30 (44.1) 33 (66.0) 36 (66.7) 000t
>28-32 weeks 316 (86.3) 39 (55.9) 17 (34.0) 18 (33.3)
Birth weight
<750 g 9(2.5) 9(13.2) 7 (14.0) 14 (25.9)
750-1000 g 28(7.7) 4(5.9) 10 (20.0) 14 (25.9) o0t
>1000-1500 g 117 (32.0) 35(51.5) 22 (44.0) 21(38.9)
>1500 g 213 (57.8) 21(29.4) 11 (22.0) 5093
“Statistically significant p values are highlighted

There were no significant differences between groups
in terms of maternal age, preeclampsia, gestational
diabetes mellitus, multiple pregnancy, antenatal steroids,
chorioamnionitis, cesarean delivery, and TSH levels according
to BPD stages (p>0.05). The CRIB Il score, SNAP-PE Il score,
delivery room resuscitation rates, day of starting vitamin
D, and transition to full enteral feeding day were found to
increase in direct proportion to BPD severity, while the 1. and
5. minute Apgar scores and T4 levels decreased significantly
as BPD severity increased (p<0.05) (Table 2).

Early and late neonatal sepsis, RDS, PDA, NEC, ROP,
erythrocyte transfusion frequency, number of erythrocyte
transfusions, noninvasive ventilation duration, mechanical
ventilation duration, oxygen support duration, and length
of stay were found to be significantly increased with BPD
severity (p<0.05). Mortality rates were significantly lower in
the mild and moderate BPD group compared to the severe
and non-BPD group (p=0.001). No significant difference was
found between the groups in the frequency of intraventricular
hemorrhage (p>0.05) (Table 3).

Logistic  regression analysis was performed by
controlling for gestational age and birth weight risk factors
independently may be associated with an increase in BPD
rate. Multivariate logistic regression analysis revealed that
the risk of BPD increased by 1.332 times as oxygen support
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duration increased and by 41.865 times with erythrocyte
transfusion (p=0.012 and p=0.034, respectively) (Table 4).

Discussion

In our study analyzing premature infants born at <32
weeks gestation, we found that the incidence and severity
of BPD increased with gestational age. We observed that
increasing BPD severity may be associated with lower Apgar
scores and significantly higher CRIB Il and SNAP-PE Il scores.
Increased BPD severity may be associated with increased
frequency of other preterm morbidities, excluding IVH. Our
findings suggest that low fT4 levels and delayed starting
of vitamin D supplementation may be associated with the
development of severe BPD. In addition, based on our results
following regression analysis, we may state that the primary
risk factors for BPD development are the duration of oxygen
support and erythrocyte transfusion.

BPD is a common complication of preterm birth and is
associated with serious short- and long-term complications
(8). BPD is one of the morbidities of prematurity that can
cause long-term, destructive consequences in premature
infants, affecting multiple organ systems, including
adverse effects on lung function and neurodevelopmental
outcomes (9).
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Table 2. Relationship between bronchopulmonary dysplasia classification and demographic characteristics

Bronchopulmonary dysplasia

Characteristics None Mild Moderate Severe p
(n=367) (n=68) (n=50) (n=54)

Maternal age, years® 29.0 (15-44) 27.5(18-42) 28.0 (16-41) 28.5 (18-41 0.376
Preeclampsia® 69 (20.4) 7(11.7) 9(21.4) 14 (31.8) 0.095
Gestasyonel diabetes mellitus® 30(9.0) 2 (3.6) 3(7.0) 2(4.7) 0.387
Multiple pregnancy® 110 (29.9) 25 (36.7) 15 (30) 10 (18.5) 0.491
Antenatal steroid® 234 (84.5) 43(82.7) 26(72.2) 32(86.5) 0.291
Chorioamnionitis® 12 (21.8) 2(10.5) 3(25.0) 4 (33.3) 0.462
Cesarean delivery® 327(89.2) 64 (92.4) 44 (93.6) 45 (84.3) 0.399
1. min Apgar score? 6.0 (1-9) 6.0 (0-7) 5.0 (1-7) 4.0 (0-7) <0.001"
5. min Apgar score? 8.0 (0-10) 7.0 (2-9) 7.0 (3-8) 7.0 (2-9) <0.001"
Resusitation in delivery room® 120 (32.6) 33 (48.5) 26 (52) 39 (72.2) <0.001"
CRIB Il score? 3.0 (0-17) 6.0 2-15) 7.0 (0-13) 10.0 (2-14) <0.001"
SNAP-PE II score? 0.0 (0-35) 0.0 (0-35) 0.0 (0-35) 18.0 (0-47) <0.001"
Day of starting vitamin D, days® 11.0 (4-50) 13.0 (7-66) 12.0 (7-59) 15.0 (7-88) <0.001"
f T4, ng/dL? 1.4 (0.2-10.0) 12(0.23.1) 1.1(0.2-8.3) 1.1 (0.6-3.6) <0.001"
TSH, ulu/L? 3.9(0.3-112.0) 3.8(0.3-65.3) 3.9 (0.5-5.80) 3.9 (0.6-100.0) 0.692
Full enteral feeding day, days® 8.0 (1-53) 14.0 (5-53) 13.0 (7-56) 20.0 (8-121) <0.001"

“Statistically significant p values are highlighted,?median (minimum-maximum), ®n (%), CRIB: Clinical Risk Index For Babies, SNAP-PE II: Score for Neonatal Acute Physiology Perinatal
Extension I, fT4: Free thyroxine, TSH: Thyroid-stimulating hormone

Table 3. Premature morbidity and mortality outcomes according to bronchopulmonary dysplasia stage

Bronchopulmonary dysplasia
Characteristics None Mild Moderate Severe p

(n=367) (n=68) (n=50) (n=54)
Early neonatal sepsis?® 198 (54.1) 46 (63.2) 9 (80.4) 36 (65.4) 0.004"
Late neonatal sepsis® 163 (46.7) 2 (77.6) 44 (91.7) 53 (100.0) <0.001"
Respiratory distress syndrome? 103 (28.2) 2 (63.6) 8 (74.0) 47 (84.6) <0.001"
Patent ductus arteriosus® 44 (12.9) 8(41.8) 1(63.3) 32(61.5) <0.001"
Necrotizing enterocolitis? 13 (3.6) 7(10.3) 5(10.0) 9(16.7) 0.002"
Retinopathy of prematurity? 47 (16.4) 30 (45.5) 29 (58.0) 40 (74.1) <0.001"
Intraventricular hemorrhage? 2(0.5) 1(1.4) 1(2) 2(3.7) 0.315
Erythrocyte transfusion? 93 (25.9) 44 (64.7) 47 (95.9) 51(96.2) <0.001"
Number of erythrocyte transfusion® | 2.0 (1-5) 2.0 (1-7) 2.0 (1-9) 5.0 (1-14) <0.001"
ggtyi[) non invasive ventilation time, | 5 ; (g 41 12.0 (1-51) 17.5 (2-51) 17.0 (0-63) <0.001"
ggtyas'b mechanical ventilation time, | 4 ¢ 1) 11.5 (0-96) 28.0 (0-95) 73.0 (15-261) <0.001"
Oxygen support time, days® 6.0 (0-61) 37.0 (8-112) 60.0 (4-123) 103.5 (50-185) <0.001"
Hospital stay, days® 31.0 (6-128) 54.0 (32-137) 78.0 (37-169) 134.0 (66-378) <0.001"
Mortality? 34 (9.5) 1(1.5) 0(0.0) 7(11.3) 0.001"

“Statistically significant p values are highlighte

d, *n (%), *'median (minimum-maximum)
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Table 4. Potential risk factors associated with bronchopulmonary dysplasia in the multivariate logistic regression
model

95% confidence interval for
Variables B 2tra:(r:rdart Wald p Exp(B) Exp(B)

Low High
1. min Apgar score 0.657 1.347 0.238 0.626 1.930 0.138 27.035
5.min Apgar score -3.334 2.013 2.742 0.098 0.036 0.001 1.844
Full enteral feeding day 0.179 0.116 2.369 0.124 1.196 0.952 1.502
CRIB score 0.372 0.543 0.471 0.493 1.451 0.501 4.203
SNAP-PE score -0.212 0.175 1.464 0.226 0.809 0.574 1.140
Respiratory distress syndrome 3.024 2.110 2.053 0.152 20.566 0.329 1287.048
L?;ae' mechanical ventilation | 463|912 0.281 0.596 0.939 0.743 1.186
Total non invasive ventilation | o 2g3 | 9165 2.939 0.086 0.754 0.546 1.041
Oxygen support time 0.287 0.114 6.274 0.012" 1.332 1.064 1.667
Late neonatal sepsis 0.062 1.994 0.001 0.975 1.063 0.021 52.988
Retinopathy of prematurity 2.721 1.900 2.052 0.152 15.202 0.367 629.367
Erythrocyte transfusion 3.734 1.757 4.517 0.034" 41.865 1.337 1310.596
“Statistically significant p values are highlighted, CRIB: Clinical Risk Index For Babies, SNAP-PE II: Score for Neonatal Acute Physiology Perinatal Extension 11

BPD development is associated with many risk factors
that appear during the prenatal, natal, and postnatal
periods. Identifying the main risk factors and indicators in
premature babies who will develope significant respiratory
problems after birth and be diagnosed with BPD at 36 weeks
is one of the most challenging research topics today. The aim
of studies is often to identify the target group of BPD patients
who will benefit most from specific treatment alternatives in
the early postnatal (2,8). In this context, units strive to identify
risk factors for BPD development and, based on the results
obtained, are able to develop BPD prevention strategies
(1,2,8). In our study, we aimed to reduce the risk factors for
BPD development and identify preventive methods for BPD
by determining our unit conditions and risk factors for BPD.

Low gestational age and birth weight are the main
risk factors for BPD due to extrauterine immature lung
development (8,9). Compared to full-term infants, the
prevalence of BPD in infants born at <32 weeks of gestation
ranges from 21% to 47% (9). The incidence of BPD in preterm
infants with a gestational age of less than 32 weeks is 29.2%,
and in those born before 28 weeks, it can increase to 47.8%
(10). This frequency may varies across countries and between
units. It is thought that variability in clinical care standards

J Curr Pediatr 2026;24(2):97-104

and genetic factors are primarily responsible for the changing
prevalence of BPD (9). Our results appear to be consistent
with these informations. Maternal illnesses, infections,
prenatal and natal characteristics may negatively affect
BPD development (5,11). In our results, maternal diseases,
mode of delivery, multiple pregnancy, chorioamnionitis,
and frequency of antenatal steroid administration were
not significant risk factors affecting the BPD incidence. The
reason for the varying effects of antenatal and natal factors
on BPD may stem from the variability in BPD risks or risk-
reducing procedures in the databases of different studies.
Furthermore, the genetic, epigenetic, and immunological
characteristics of the study groups may be the key factors in
the development of BPD (8,9,12). The increased severity of
BPD in our results appears to be associated with increased
CRIB 1l, SNAP-PE II, and low Apgar scores, a high need for
resuscitation, a longer time to transition to full enteral
feeding, and the fact that patients with severe BPD were
born at a lower gestational age (5,8,9,12).

A premature baby born with immature lungs, due to a
lower birth week and weight, faces significant respiratory
supporttreatmentandimpaired lungdevelopment. Increased
incidence of RDS associated with immature lungs, increased
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infections due to immature immune systems, prolonged
hospital stays, high mortality, and other morbidities of
prematurity such as PDA and NEC are associated with low
gestational age and increased BPD severity, as reported in
our study (2,8,9,11).

All newborn babies are given vitamin D supplementation
unless there is a gastrointestinal contraindication, in
according with the national nutrition protocol. The timing
of initiation of vitamin D supplementation due to lack of
sunlight, low cord blood vitamin D levels, and low maternal
milk vitamin D levels, and its effect on BPD are unknown
(13). An important and novel finding of our study is that
delayed initiation of vitamin D supplementation increases
the severity of BPD. Vitamin D, with its anti-inflammatory
properties, affects the inflammatory process in BPD
development and also regulates alveolar signaling pathways
that support perinatal lung maturation (14). These effects of
vitamin D may explain the result in our findings that early
vitamin D supplementation reduces the severity of BPD.
Animal studies on vitamin D have found that vitamin D has
a protective effect against neonatal lung injury caused by
hyperoxia, a major factor in the development of BPD (15).
Based on experimental data and our findings, there is a need
for new studies to test the role of vitamin D in preventing
BPD in premature infants. Ge et al. (16) administered 800 U
of vitamin D supplementation to small premature infants at
32 weeks of gestation within the first 48 hours after birth.
They showed a significant reduction in the incidence of
BPD in the vitamin D supplemented group compared to the
control group. Vitamin D may bind to vitamin D receptors
to regulate inflammatory response, immune response,
and hormone secretion. During lung development and
maturation, vitamin D may increase the expression of alveolar
epithelial-mesenchymal differentiation agents, improve the
proliferation of alveolar and vascular endothelial cells, and
promote the synthesis of alveolar surfactants. Ge et al. (16)
demonstrated that the positive effect of vitamin D on BPD
development was due to the reduction of inflammatory
cytokines.

Premature babies often require long-term supplemental
oxygen to ensure adequate oxygenation due to their
immature lungs. In this situation, exposure to hyperoxia
leads to oxidative stress, impaired lung development, and the
development of BPD as a result of pulmonary fibrosis (5,17).
In our patients, longer oxygen support duration was strongly
associated with BPD severity; however, this finding should be
interpreted cautiously because oxygen requirement is part of

the diagnostic definition of BPD. Despite improvements in
the survival rates of more premature infants and advances in
medical care, BPD remains a significant cause of morbidity
in premature infants. Therefore, there is still a need to study
new mechanisms that mediate oxidative stress and lung
development in newborns (17,18).

We found that fT4 levels were significantly reduced in
patients with severe BPD. Regarding the effect of thyroid
hormones on lung development, it has been reported
that thyroid hormones, including T4 and triiodothyronine
play a role in regulating fetal lung development and that
serum T4 levels decrease in hyperoxia-exposed mice (19,20).
Reducing oxidative stress-induced mitochondrial dysfunction
through thyroid hormones deficiency and thyroid hormone
supplementation may be a useful strategy for reducing
neonatal lunginjury and BPD (17). However, based on limited
evidence, systemic thyroid hormone supplementation
has been shown to provide minimal respiratory beneficial
effects on BPD (21). In this context, based on our results and
limited literature data, it remains unknown whether thyroid
hormones can improve hyperoxic lung injury and reduce the
risk of BPD in preterm infants. Therefore, the effect of thyroid
hormones on BPD appears to be a pathophysiological issue
that has not been sufficiently elucidated and needs to be
clarified through further studies.

Erythrocyte transfusion has been shown to be an
independent risk factor for BPD severity in our patient
population. The transfusion of erythrocyte may increase the
risk of oxidative damage, infection, and other complications
(22). Increased oxidative damage with erythrocyte transfusion,
increased transferrin-unbound iron, and inflammatory
mediators present in transfused blood products are
implicated as possible mechanisms of transfusion’s effect on
the development or severity of BPD (9,23). Before now, the
relationship between blood transfusions and BPD has not
been clearly distinguished in terms of causality (5). Our study
brings to mind the need for a more detailed examination of
the relationship between erythrocyte transfusion and BPD.

Study Limitations

The main limitations of our study can be considered to be
its retrospective design and the limited data available from
a single unit. We were unable to provide more detailed data
on thyroid hormones monitoring, red blood cell transfusion
data, maternal and umbilical cord vitamin D levels, and
neurodevelopmental outcomes.
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Conclusion

Our study reiterates the negative effect of hyperoxia on
the development of BPD. Limited and guideline-compliant
applications, instead of liberal oxygen and red blood cell
transfusion practices, may have a positive effect on BPD
development. In addition, our study found that starting
vitamin D supplementation later and having low fT4 levels
may increase the severity of BPD. Furthermore, our study
reported a potential association between late initiation of
vitamin D supplementation, low fT4 levels, and increased
BPD severity. Our current findings may offer an additional
perspective on BPD development and a new perspective for
further studies.
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Abstract

Introduction: Beta-thalassemia major is a chronic hematologic condition that
requires lifelong medical care and imposes substantial psychosocial demands on
families. Primary caregivers, particularly parents, face ongoing emotional, financial,
and practical stressors that may place them at increased risk for depressive
symptoms. Despite this burden, routine screening for caregiver mental health
remains limited in many pediatric settings. This study aimed to assess depressive
symptoms among primary caregivers of children with beta-thalassemia major using
the Patient Health Questionnaire-2 (PHQ-2) and to explore potential associations
with sociodemographic and clinical characteristics.

Materials and Methods: This cross-sectional descriptive study included 49
primary caregivers of children with beta-thalassemia major followed at a tertiary
pediatric hematology center in Tirkiye. Data were collected using a structured
sociodemographic questionnaire and the PHQ-2. Relationships between depressive
symptoms and caregiver- and child-related variables were examined.

Results: Sixteen percent of caregivers scored above the PHQ-2 cutoff, indicating
increased risk for depression. PHQ-2 scores did not differ significantly according to
the child’s gender, transfusion frequency, medication use, or presence of medical
complications. Similarly, no significant associations were found with parental age,
education level, chronic illness, household income, household size, or immigration
status. Although not statistically significant, higher depressive symptom scores were
observed among caregivers with first-degree relatives affected by chronicillness and
among those whose children did not receive formal social support services.
Conclusion: Ameaningful proportion of caregivers of children with beta-thalassemia
major exhibited elevated depressive symptoms, even in the absence of clear
sociodemographic or clinical predictors. These findings highlight the importance of
incorporating brief mental health screening tools into routine pediatric hematology
follow-up and emphasize the need for multidisciplinary approaches that address
both medical and psychosocial aspects of chronic childhood illness. Further studies
with larger samples are warranted to better identify risk factors and to inform
targeted support strategies for caregivers.
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0z

Giris: Beta-talasemi major, yasam boyu siiren tedavi gereksinimi olan kronik bir hastalik olup yalnizca cocuklari degil, bakim veren aile
tiyelerini de onemli olctide etkilemektedir. Siiregelen hastane ziyaretleri, tedaviye bagli yiik ve gelecege yonelik belirsizlikler, birincil
bakim verenlerde ruhsal zorlanmaya yol acabilmektedir. Bu calismanin amaci, beta-talasemili cocuklarin birincil bakim verenlerinde
depresif belirtilerin sikligini Patient Health Questionnaire-2 (PHQ-2) ile degerlendirmek ve bu belirtilerin sosyodemografik ve klinik
degiskenlerle iliskisini incelemektir.

Gereg¢ ve Yontem: Bu kesitsel tanimlayici ¢alismaya, lgilinci basamak bir ¢ocuk hematoloji merkezinde izlenen beta-talasemi
major tanili cocuklarin 49 birincil bakim vereni dahil edilmistir. Veriler, sosyodemografik ozellikleri iceren yapilandiriimis anket
formu ve PHQ-2 olcegi kullanilarak toplanmistir. Depresif belirtiler ile bakim verene ve cocuga ait degiskenler arasindaki iliskiler
degerlendirilmistir.

Bulgular: Bakim verenlerin %16’sinin PHQ-2 esik puaninin tizerinde skor aldigi ve depresyon agisindan risk altinda oldugu saptanmistir.
PHQ-2 skorlari; cocugun cinsiyeti, transfiizyon sikhgi, medikal komplikasyon varligi ve ila¢ kullanimi gibi klinik degiskenlere gore
anlamli farkhlik gostermemistir. Benzer sekilde, ebeveyn yasi, egitim diizeyi, kronik hastalik 6ykusi, hane geliri ve gocmenlik durumu
ile depresif belirtiler arasinda anlamli bir iliski bulunmamistir. Bununla birlikte, birinci derece akrabasinda kronik hastalik bulunan
bakim verenlerde ve sosyal destek hizmetlerinden yararlanmayan cocuklarin bakim verenlerinde depresif belirti puanlarinin daha
yuksek oldugu gozlenmistir; ancak bu fark istatistiksel olarak anlamli degildir.

Sonug: Beta-talasemili cocuklarin bakim verenlerinin kayda deger bir boliimiinde depresif belirtiler bulunmasina karsin, bu durumun
belirgin sosyodemografik ya da klinik yordayicilari saptanamamustir. Bulgular, pediatrik hematoloji izleminde bakim verenlerin ruh
saghginin kisa tarama araglariyla rutin olarak degerlendirilmesinin onemini vurgulamaktadir. Ayrica, kronik hastalik yonetiminde

yalnizca tibbi degil, psikososyal boyutlari da kapsayan biittincil yaklasimlara gereksinim oldugunu gostermektedir.

Introduction

B-thalassemia major (B-TM) is an autosomsbal recessive
hemoglobinopathy characterized by impaired production
of the beta-globin chain. This condition is particularly
prevalent in the Mediterranean region and is typically
diagnosed in early childhood, requiring lifelong medical
management. Children diagnosed with B-TM depend on
regular red blood cell transfusions and iron chelation therapy
to sustain life (1). These medical requirements not only
affect the physical health of the child but also significantly
impact the family system and the psychological well-being
of the primary caregivers. The presence of chronic illnesses
during childhood represents a substantial source of stress,
particularly for primary caregivers. Continuous hospital
visits, financial burdens of treatment, uncertainties regarding
the child’s quality of life, and social isolation are among the
factors that may negatively influence the mental health
of parents (2). Depression is one of the most commonly
reported psychological problems among this group. Studies
have shown that parents of children with chronic illnesses
exhibit higher levels of depressive symptoms compared to
the general parent population (3).

Studiesfrom differentsociocultural contexts have reported
inconsistent findings regarding depressive symptoms among
families of children with B-TM. Research from Sri Lanka and
Pakistan highlights an increased psychosocial burden among
parents, with coping being influenced by caregiver burden
and spiritual beliefs (4,5). In Tiirkiye, depression was reported
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in 13.15% of parents of children with B-TM (6). Overall, low
socioeconomic status, limited education, insufficient social
support, and gender have consistently been identified as key
factors associated with parental depression (7). Depressive
symptoms not only diminish the quality of life of parents but
may also adversely affect the child’s treatment adherence,
developmental outcomes, and overall psychosocial
functioning. Therefore, early identification and provision of
psychological support services are as crucial as the medical
follow-up of the child.

In Tirkiye, studies focusing on depression screening
among parents of children with chronic pediatric conditions
such as B-TM remain limited. This study aims to assess the
prevalence of depressive symptoms using the Patient Health
Questionnaire-2 (PHQ-2) among parents of children with
-TM followed at Ankara Bilkent City Hospital, and to explore
potential associations between depressive symptoms and
parental sociodemographic characteristics. The findings of
this study are expected to highlight the need for psychosocial
support and contribute to the development of follow-up
policies.

Materials and Methods

This cross-sectional descriptive study was conducted
to evaluate the depression levels of mothers of children
diagnosed with B-TM followed in the Pediatric Hematology
Department of City Hospital. The study included mothers
of 49 children with B-TM aged between 7 and 18 years.
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Children whose mothers declined participation or could
not be reached were excluded from the study. Data were
collected using a sociodemographic information form and
the Patient Health Questionnaire-2 (PHQ-2). The PHQ-2 is
a brief screening tool that assesses depressive symptoms
experienced in the past two weeks, with total scores ranging
from 0 to 6 (8,9).

The relationships between PHQ-2 scores and various
factors, such as the child’s gender, age group, parental
education, presence of chronic illness, medication use,
transfusion frequency, and household income level,
were statistically analyzed. In addition to medical and
sociodemographic data, the study assessed whether families
had obtained the “Report for Children with Special Needs”
(COZGER), which is a formal document issued in Tiirkiye to
facilitate children’s access to educational and social support
services (10). Ethical approval was obtained from the Scientific
and Ethical Evaluation Board for Medical Research (TABED;
approval no.: 2-25-1051, date: 19.03.2025). Statistical analyses
were performed using IBM SPSS Statistics for Windows,
Version 20.0 (IBM Corp., Armonk, NY, USA). The normality
of distribution for continuous variables was assessed using
the Shapiro-Wilk test. For comparisons between two groups
with normally distributed data, the independent samples
Student’s t-test was used, while one-way analysis of variance
(One-Way ANOVA) was applied for comparisons involving
more than two groups. For non-normally distributed data,
non-parametric tests such as the Mann-Whitney U test and
the Kruskal-Wallis test were employed. A p-value of <0.05
was considered statistically significant for all analyses.

Results

Atotal of 49 primary caregivers of children with B-TM were
included in the study. The relationships between caregiver
depressive symptoms (measured via PHQ-2) and various
sociodemographic and clinical variables were examined.

Depressive symptom scores (PHQ-2) did not significantly
differ according to the child’s gender (female: M = 2.03, SD
= 0.94; male: M = 2.30, SD = 0.98; p = 0.345). Similarly,
medication use (yes: M = 2.16, SD = 0.91; no: M = 2.00, SD
=1.41; p = 0.729) and transfusion frequency (3 weeks: M =
2.16; 4 weeks: M = 2.08; p = 0.692) were not associated with
statistically significant differences in PHQ-2 scores.

Although not statistically significant, caregivers of
children with medical complications reported higher mean
PHQ-2 scores (M = 2.27, SD = 1.03) compared to those
without complications (M = 2.09, SD = 0.93; p = 0.553).
Similarly, caregivers of children without a COZGER (Report for

Children with Special Needs) had higher PHQ-2 scores than
those with the report (2.27 vs. 2.04; p = 0.397). Receiving a
social support payment through COZGER was also associated
with slightly higher mean scores (2.29 vs. 2.09; p = 0.515),
though this was not statistically significant.

No significant differences were observed in PHQ-2 scores
in relation to mother’s age (<35: M = 2.13; >35: M = 2.15;
p = 0.909), mother’s education level (<8 years: M = 1.94; >8
years: M = 2.26; p = 0.370), or mother’s chronic illness (yes:
M =2.00; no: M =2.17; p = 0.303).

For fathers, neither age (<35: M =2.00; >35: M =2.24; p =
0.338) nor education (<8 years: M = 2.33; >8 years: M = 2.03;
p = 0.328) was significantly associated with PHQ-2 scores.
Caregivers whose fathers were unemployed had higher PHQ-
2 scores than those whose fathers were employed; however,
this difference was not statistically significant (p = 0.102).

A trend toward higher depressive symptoms was also
noted among caregivers with first-degree relatives with
chronic illness (M = 2.47, SD = 0.87) compared to those
without (M = 1.97, SD = 0.97), though the difference was not
statistically significant (p = 0.074).

Household income (< minimum wage: M = 2.22; >
minimum wage: M = 1.92; p = 0.371) and household size
(<4 persons: M = 2.07; >5 persons: M = 2.17; p = 0.745) were
also not significantly associated with PHQ-2 scores.

Across all analyses, none of the sociodemographic or
clinical variables demonstrated statistically significant
associations with caregiver depressive symptoms (p > 0.05)
(Table 1).

Discussion

In this study, 16% of parents of children with B-TM
scored above the PHQ-2 cutoff, indicating increased risk for
depression. No significant associations were found between
parental PHQ-2 scores and children’s sociodemographic or
clinical characteristics. These findings suggest that parental
psychological well-being in B-TM may not be directly
determined by the child’s clinical profile or socioeconomic
factors.

Compared to previous literature, the proportion of
parents scoring above the PHQ-2 cutoff in this sample was
lower. While research from Malaysia, Sri Lanka, and Pakistan
has documented relatively high rates of depressive symptoms
among caregivers of children with p-thalassemia major (B-
TM), ranging from 29% to over 60%, a study from Tirkiye
reported prevalence rates comparable to our findings (4,6,11-
15). These cross-national differences may reflect variations in
sociocultural contexts and the presence of protective factors.

J Curr Pediatr 2026;24(2):105-10
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Table 1. Variables that may influence Patient Health Table 1. Variables that may influence Patient Health
Questionnaire-2 (PHQ) scores Questionnaire-2 (PHQ) scores
. Mean PHQ | Statistical test . Mean PHQ | Statistical test
0, 0,
Variables n (%) score (D) | (F/t; p) Variables n (%) score (D) | (F/t: p)
Gender Father’s chronic illness
Female 29(59.2) [2.03(0.94) |0.953;0.345 Yes 11(22.4) |2.55(1.29) | 1.260; 0.231
Male 20 (40.8) |2.30(0.98) No 38(77.6) |2.03(0.82)
Medication use Working status of father
Yes 44 (89.8) |2.16(0.91) 0.349; 0.729 Working 38(77.6) |1.97(0.75) 1.775; 0.102
No 5(10.2) | 2.00 (1.41) Not working 11(224) |2.73(1.35)
Transfusion frequency Paternal consanguinity
3 weeks 37(75.5) |2.16(0.16) 0.574; 0.692 Yes 38(77.6) |2.05(0.87) 1.025; 0.324
4 weeks 12 (24.5) | 2.08(0.26) No 11(22.4) | 24501.21)
Complication status Chronic illness in 1degree relatives
Yes 15(30.6) |2.27(1.03) |0.597; 0.553 Yes 17 34.7) | 2.47(0.87) | 1.842;0.074
No 34 (69.4) | 2.09(0.93) No 32(65.3) | 1.97(0.97)
Report for Children with Special Needs (COZGER) Household income
Yes 27(55.2) ]2.04(1.13) |0.855;0.397 <Minimum wage | 36(73.5) |222(0.93) |0.915;0.371
No 22 (44.9) |2.27(1.03) > Minimum wage 13265 | 1.92 (1.04)
Immigrant status
Turkish 18(36.7) |2.00(0.94) | 244.0;0335 Household size
Immigrant 31(633) | 223 (0.99) <4 14 (28.6) |2.07(1.14) |0.125;0.745
Social support payment granted through the Child Special Needs 25 35(714) | 2.17(0.89)
Report (COZGER) o o '
Yes 14286 |2290.07) | 06570515 ’ Althoug: noP;tatlzstlcaIIy mgmﬁcan:)dlffe;ence \évas;f)uhnd
No 35(714) | 209 (0.92) In our stuay, Q-2 scores werg observe to‘ g g gr
- among parents who reported a history of chronic illness in
Mother’s age . . N
first-degree relatives. This finding suggests that the presence
<35 years 16 (32.7) | 2.13(0.50) 0.114; 0.909 _— .- .
of similar health conditions among family members, may
>35 years 33(673) |215(1.12) contribute to increased psychological burden for caregivers.
Mother’s education Supporting this, a study conducted in Bangladesh by Islam
<8 years 18(36.7) |1.94(1.11) | 0.89; 0.370 et al. (11) investigated depression levels among parents of
28 years 31(63.3) |2.26(0.85) children diagnosed with B-TM and reported that a family
Mother’s chronic illness history of mortality due to B-TM was associated with higher
Yes 9(18.4) 2.00(0.00) | 1.045;0.303 depression scores among caregivers. This similarity highlights
No 40 (81.6) |2.17(1.06) that the disease burden in relatives may have not only
Father's age medical but also psychosocial consequences, underscoring
<35 years 5(10.2) |2.00(0.00) |1.110;0338 the n‘ee‘d for comprehensive support for‘these f‘am|l|es.
>35 years 40(816) | 224 (0.66) Slmlla:cly, hf’ll(-jIQ-Z sgor:es \%\/’\e/zlre|~ r‘elatl‘veI:/1 hlghherldamo‘nﬁ
Father deceased 182) 1.79 (1,00 parents of children wit [3-~ ‘ iving in households WI’[‘
- income at or below the minimum wage, although this
Father’s education . . . o
difference was not statistically significant. This finding
<8 years 18(367) |233(102) |0.976,0328 suggests that B-TM, which is already more prevalent in low-
>8 years 31(63.3) |2.03(0.91)

income populations, may impose not only a medical but also
an economic burden, thereby negatively affecting the mental
well-being of families (16). Similarly, a study conducted in
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Bangladesh demonstrated that parental depression scores
were associated not only with household income levels but
also with monthly treatment-related expenses (11). In our
study, we did not specifically investigate treatment-related
expenses, as all medical costs are covered by the government.
However, factors such as frequent hospital visits may still
impact the economic stability of families and adversely
affect the mental health of caregivers.

Another notable finding of our study may be related to
the presence of social support mechanisms. Parents who had
obtained the COZGER (Report for Children with Special Needs)
showed lower PHQ-2 scores, suggesting that the financial
and social support provided by the state may contribute
to greater psychological resilience. In Tiirkiye, the COZGER
report allows families to access various social services and
economic benefits based on the child’s special needs. This
finding indicates that social support systems contribute not
only to financial stability but also to the mental well-being
of caregivers. Therefore, expanding and tailoring social
support programs based on individual needs may serve as an
important strategy for promoting caregiver mental health.

With regard to clinical factors, no statistically significant
association was observed between transfusion frequency
and parental depression levels, although parents of children
with medical complications showed relatively higher
PHQ-2 scores. In contrast, previous studies have reported
significant associations between transfusion-related factors
and caregiver depression, suggesting that more intensive
treatment and medical complications may increase
psychological burden (4,11). The absence of a significant
relationship in our study may be explained by the limited
sample size and the higher mean age of the children, which
may have given parents more time to adapt psychologically
to chronic illness and the demands of long-term treatment.

Finally, no significant association was observed between
immigrant status and parental PHQ-2 scores. Although
migration has frequently been associated with increased
psychological vulnerability among caregivers of children
with chronic illnesses (16), this finding may reflect the
influence of contextual protective factors such as access to
healthcare services, social support networks, and adaptive
coping mechanisms within our study population (17). This
underscores the importance of considering sociocultural
context when interpreting psychosocial risk among families
of children with B-thalassemia major.

Study Limitations

One of the strengths of this study is that it was conducted
in a major thalassemia center in Tirkiye, providing access
to a representative clinical population. Another strength
is the use of a screening tool with established validity and
reliability. However, the study has several limitations. Its
cross-sectional design does not allow for causal inferences
between variables. In addition, the relatively small sample
size and the absence of a comparative control group limit
the contextual interpretation of the observed depression
levels.

Conclusion

In conclusion, although depressive symptoms were
found to be higher among certain risk groups of caregivers
of children diagnosed with B-TM, no statistically significant
associations were identified in our study. These findings
highlight the importance of integrating mental health
assessments into routine follow-up protocols and indicate
the need for further research with larger sample sizes to
better understand the psychosocial needs of this population.
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Abstract

Introduction: As the menstrual cycle is considered a vital sign of adolescent health,
understanding normal menstrual characteristics is crucial. This study aimed to
evaluate menstrual knowledge among adolescent and young adult females across
different developmental stages and to examine the association between receiving
menstrual information and menstrual knowledge.

Materials and Methods: A total of 257 adolescent and young adult females aged
10-24 years were included in the study and completed an online, self-administered
questionnaire. Participants were categorized into early (10-14 years), middle (15-
18 years), and late adolescence/young adulthood (19-24 years). Sociodemographic
characteristics, menstrual information sources, and menstrual knowledge were
assessed using multiple-choice questions. Each correct response to menstrual
knowledge questions in accordance with the American College of Obstetricians and
Gynecologists 2015 Committee opinion, was scored as 1 point (total score: 0-4), with
higher scores indicating greater menstrual knowledge. Participants who correctly
answered all items were classified as having complete menstrual knowledge.
Results: Overall, 91.4% of participants reported receiving menstrual information,
most commonly from parents (70.8%), followed by the internet/media (58.8%) and
school/teachers (58.4%). Complete menstrual knowledge rates (64.3% vs 31.8%,
p=0.003) and menstrual knowledge scores (3.66+0.59 vs. 3.00+1.12, p=0.002)
were significantly higher among those who had received menstrual information
compared with those who had not. Both complete menstrual knowledge rates and
knowledge scores increased across developmental stages (p=0.029 and p=0.003,
respectively), with the highest levels observed in late adolescence/young adulthood.
Conclusion: Although most adolescents and young adults reported having received
menstrual information, correct menstrual knowledge remained suboptimal,
particularly during early and middle adolescence. These findings underscore the
importance of structured, developmentally adapted menstrual health education
programs that extend beyond simple information dissemination. Integrating age-
appropriate menstrual education into school curricula and routine adolescent
healthcare may facilitate earlier recognition of abnormal menstrual patterns and
support informed health-seeking behaviors.

N
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Giris: Menstriel dongi, ergen sagliginda hayati bir belirte¢ olarak kabul edilmektedir ve normal menstriel 6zelliklerin bilinmesi
biyik onem tasimaktadir. Bu calismada, ergen ve genc vetiskin kadinlarda farkli ergenlik evrelerinde menstriiel bilgi diizeyinin
degerlendirilmesi ve menstriiasyon hakkinda bilgi alma durumu ile menstriiel bilgi arasindaki iliskinin incelenmesi amaclanmistir.
Gereg ve Yontem: Calismaya, cevrimici olarak uygulanan oz-bildirim temelli anketi tamamlayan 10-24 yas araligindaki toplam 257
ergen ve genc yetiskin kadin dahil edildi. Katihmcilar erken (10-14 yas), orta (15-18 yas) ve gec ergenlik/genc yetiskinlik (19-24 yas)
olmak tizere ti¢ gruba ayrildi. Sosyodemografik ozellikler, menstriiasyon hakkinda bilgi kaynaklari ve menstriiel bilgi diizeyi coktan
secmeli sorular kullanilarak degerlendirildi. Menstriel bilgiyle ilgili sorulara verilen her dogru yanit 1 puan kabul edildi (toplam puan:
0-4), daha yuksek puanlar daha fazla menstriel bilgi olarak degerlendirildi. Tim sorulari dogru yanitlayan katihmcilar American
College of Obstetricians and Gynecologists 2015 Komite goriisiine gore tam dogru menstriiel bilgiye sahip olarak siniflandirildi.
Bulgular: Katilimailarin %91,4’t menstriiasyon hakkinda bilgi aldigini bildirdi. En sik bildirilen bilgi kaynagi ebeveynler (%70,8) olup
bunu internet/medya (%58,8) ve okul/0gretmenler (%58,4) izledi. Tam dogru menstriel bilgi oranlari (%64,3 ve %31,8; p=0,003) ve
menstriiel bilgi puanlari (3,66+0,59 ve 3,00+1,12; p=0,002) bilgi aldigini bildirenlerde almayanlara gore anlamli derecede daha
yliksek bulundu. Hem tam dogru bilgi oranlari hem de menstriiel bilgi puanlari ergenlik evreleri arasinda yasla birlikte artis gostererek
en ylksek bilgi duzeyleri gec ergenlik/genc yetiskinlik grubunda gozlemlendi (sirasiyla p=0,029 ve p=0,003).

Sonug: Katilmcilarin cogu menstriiasyon hakkinda bilgi aldigini bildirmis olsa da dogru menstriiel bilgi 6zellikle erken ve orta ergenlik
donemlerinde yetersiz kalmistir. Bulgularimiz, basit bilgi aktariminin 6tesine gecen, gelisimsel olarak uyarlanmis ve yapilandiriimis
menstriel saglik egitimi programlarinin gerekliligini ortaya koymaktadir. Yasa uygun menstriiel saglik egitiminin okul mifredatina ve
rutin ergen saghk hizmetlerine entegre edilmesi, anormal menstriiel paternlerin erken taninmasina ve bilincli saglik basvurularinin
desteklenmesine katki saglayabilir.

information, demonstrating insufficient understanding
of menstrual hygiene, cycle regularity, and underlying
physiological processes, and often experiencing anxiety or
fear due to inadequate preparation (3). In a large study of
Turkish schoolgirlsaged 10-17 years, approximately half of the
participants were unaware of the interval between pubertal
onset and menarche, and most reported their mothers as
their primary source of information, underscoring the need
for structured education on puberty and menstruation (4).
Furthermore, beyond gaps in knowledge, many menstrual
challenges and symptoms are perceived as normal by young
people, which may delay recognition and appropriate
management of menstrual health concerns (5).

Introduction

The menstrual cycle is a normal physiological process
in females and is considered a vital sign of overall health
during adolescence and young adulthood. Menarche
typically occurs between 12 and 13 years, within 2-3 years
after thelarche (1). Menstrual cycles generally range from 21
to 45 days, with an average bleeding duration of 2-7 days
(1). In adolescents, deviations from this normal pattern
in terms of frequency, duration, volume or regularity are
considered as abnormal uterine bleeding and may range
from amenorrhea to heavy menstrual bleeding. Menstrual
periods that do not begin within 3 years of thelarche or by

15 years of age, occur more frequently than every 21 days or
less frequently than every 45 days, last longer than 7 days,
occur 90 days apart even after a one spontaneous cycle,
bleeding that soaks through one pad or tampon within
two hours or less, or bleeding between periods should be
considered abnormal (1,2). Although anovulatory cycles
are common during adolescence, due to immaturity of the
hypothalamic-pituitary-ovarian axis, these deviations can
also be indicators of underlying health problems and may
negatively impact quality of life, academic performance,
and social participation in adolescents.

Despite  being a normal physiological process,
menstruation remains surrounded by misconceptions,
taboos, and varying levels of knowledge among adolescents.
Data from low- and middle-income countries indicate
that many adolescent girls enter menarche with limited
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Although several studies have explored menstrual
knowledge and related practices among adolescents,
important gaps remain in the existing literature. Most
research has focused on narrow age ranges or school-based
populations, limiting understanding of how menstrual
knowledge differs across developmental stages. Moreover,
few studies have examined menstrual knowledge across early,
middle, and late adolescence while also incorporating young
adulthood as a distinct developmental stage. As a result, age-
related differences in menstrual knowledge and the potential
influence of prior menstrual information across this broader
age spectrum remain insufficiently characterized.

To address these gaps in the literature, this study aimed to
evaluate menstrual knowledge among adolescent and young
adult females by examining different developmental stages
separately and to investigate the association between prior
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exposure to menstrual information and correct menstrual
knowledge. Covering a wide age range and focusing on self-
reported menstrual knowledge components, this study aims
to raise awareness of differences in understanding normal
menstrual characteristics among adolescents and young
adults and to identify priority areas for targeted health
education interventions.

Materials and Methods

Study Design and Participants

This cross-sectional study was conducted among
adolescent and young adult females aged 10-24 vyears.
All participants who provided informed consent, and
additionally parental consent for those under 18 years
of age, were invited to complete an online questionnaire.
Participants were categorized into early (10-14 years), middle
(15-18 years), and late adolescence/young adulthood (19-24
years) based on chronological age.

Eligibility was assessed through screening questions prior
to answering the questionnaire, and adolescents and young
adults who had not yet experienced menarche, had known
endocrine disorders affecting menstruation, or were under
clinical follow-up for menstrual problems were excluded. The
study was approved by the Health Sciences Research Ethics
Committee of Hacettepe University (decision no: 2025/06-35,
date: 04.03.2025).

Data Collection

Data were collected between June and December 2025
through an online, self-administered questionnaire. The
study was conducted and coordinated by the Adolescent
Medicine Division at Hacettepe University. Participants were
recruited through two approaches: 1) adolescents and young
adults presenting to the Adolescent Medicine outpatient
clinic for a routine well child visit were invited to participate
and provided with a questionnaire link/QR code, and 2) the
same link/QR code was distributed via social media platforms
to reach a broader population.

Sociodemographic  characteristics  (age,  parental
education level, and family income level) and menstruation-
related information were collected using a structured, self-
administered questionnaire consisting of multiple-choice
questions. Participants were asked whether they had
previously received information about menstruation and to
indicate their primary sources of information (family, school/
teachers, friends, internet/media, or other).

Menstrual Knowledge

Menstrual knowledge was assessed using a researcher-
developed questionnaire consisting of multiple-choice items
covering key domains of menstrual physiology in adolescents,
including expected age range at menarche, normal menstrual
cycle interval, average duration of menstrual bleeding, and
daily number of menstrual pads/tampons used. Each item
had one correct response, and correct answers were scored as
1 point, yielding a total knowledge score ranging from 0 to 4,
with higher scores indicating greater menstrual knowledge.
Participants who correctly answered all menstrual knowledge
questions were classified as having complete menstrual
knowledge. The correct responses to menstrual knowledge
items were determined according to American College of
Obstetricians and Gynecologists 2015 Committee opinion (1).
According to these criteria, regular menstruation was defined
as age at menarche between 10.5-15 years, menstrual cycle
interval between 21-45 days during adolescence and 21-
35 days in individuals more than 5 years post-menarche,
menstrual bleeding duration between 2-7 days, and the
use of 3-6 pads or tampons per day during menstruation.
Accordingly, the questionnaire was adapted such that the
normal menstrual cycle interval was presented as 21-45 days
for early and middle adolescents, and 21-35 days for late
adolescents/young adults.

Study Sample

The sample size was calculated based on previously
reported knowledge gaps regarding normal puberty and
menstrual patterns among Turkish schoolgirls by isgiiven
et al. (4). Using G*Power software, with a significance level
of 0.05, a statistical power of 80%, and 3 age groups, the
minimum required total sample size was estimated as 241
participants. The final sample of 257 participants exceeded
this threshold and was considered sufficient for the planned
analyses.

Statistical Analysis

Descriptive statistics were presented as mean =
standard deviation for numerical variables and as number
and percentage for categorical variables. The normality of
distribution was assessed using Kolmogorov-Smirnov and
Shapiro-Wilk tests. Non-normally distributed age data were
compared between groups using the Mann-Whitney U test.
Comparisons between two groups were conducted using
Pearson’s chi-square test or Fisher’s exact test, as appropriate.
Differences in menstrual knowledge across age groups were
evaluated using Pearson’s chi-square test. Effect sizes were
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calculated using Cramér’s V for chi-square and Fisher’s exact
tests, and rank-biserial correlation for Mann—Whitney U tests.
A p value<0.05 was considered statistically significant. All
statistical analyses were performed using IBM SPSS Statistics
version 27.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 257 adolescents and young adults were
included (77 early adolescents, 76 middle adolescents,
and 104 late adolescents/young adults). The mean age was
17.48+3.96 years, and the mean time since menarche was
6.681+3.46 years. Age and time since menarche increased
across developmental stages (Table 1).

Regarding parental education, university graduation
was the most frequently reported education level for both
mothers (=105, 40.9%) and fathers (n=95, 37.0%). In terms
of family income, the most reported level was average income
(n=126, 49.0%). The sociodemographic characteristics of the
participants are presented in Table 1.

Overall, 235 participants (91.4%) reported having received
prior information about menstruation. The most common
sources of information were parents (=182, 70.8%), followed
by internet/media (n=151, 58.8%) and school/teachers
(n=150, 58.4%) (Table 1).

Participants who had received menstrual information
showed significantly higher rates of complete menstrual
knowledge compared to those who had not (n=151, 64.3%
vs n=7, 31.8%; p=0.003). Similarly, menstrual knowledge
score was significantly higher among those who had received
information (3.66%0.59 vs 3.00£1.12; p=0.002). Age did not
differ between two groups (p=0.610). Regarding specific
knowledge components, adolescents who had received
menstrual information demonstrated significantly higher
correct knowledge of the age at menarche (n=218, 92.8%
vs n=15, 68.2%; p=0.045) and the average duration of
menstrual bleeding (n=226, 96.2% vs n=19, 86.4%; p=0.024).
There was no significant difference between adolescents who
had received menstrual information and those who had not
in knowledge of the normal interval between menstrual
periods (p=0.455) and daily number of menstrual pads/
tampons used (p=0.102) (Table 2).

The proportion of participants who had received
menstrual information did not differ significantly across
age groups (p=0.402). In contrast, the frequency of correct
menstrual knowledge increased across age groups. Complete
menstrual knowledge was observed in 53.2% (n=41) of
early adolescents, 56.6% (n=43) of middle adolescents,
and 71.2% (n=74) of late adolescents and young adults.
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Post-hoc analyses indicated that the late adolescence/
young adulthood group demonstrated significantly higher
complete menstrual knowledge compared with both early
and middle adolescence (p=0.029). Similarly, menstrual
knowledge scores were higher in the late adolescence/young
adulthood group compared to early adolescence and middle
adolescence groups (p=0.003) (Table 3).

Discussion

One of the two key findings of our study is that although
a large proportion of adolescents and young adults (91.4%)

Table 1. Sociodemographic characteristics and
menstruation-related information
Characteristic mean % SD / n (%)
Age, years 17.48+3.96
Early adolescent 12.98+0.94
Middle adolescent 16.63+1.13
Late adolescent/young adult 21.42+2.46
Time since menarche, years 6.6813.46
Early adolescent 1.284+0.68
Middle adolescent 4.76x1.56
Late adolescent/young adult 9.11+2.62
Mﬂltilzzrrai:ducatlon level 3(12)
. 44 (17.1)
Primary school
. 19 (7.4)
Middle school
High school 49 (19.1)
University 105 (40.9)
Postgraduate 37 (144)
Father s education level 0(0.0)
Illiterate
. 31(12.1)
Primary school
. 22(8.6)
Middle school
High school 42(163)
University 95(37.0)
Postgraduate 67(26.0)
Family income level 1(04)
Very poor
Poor 9(3.5)
Average 126 (49.0)
g 108 (42.0)
Good 13 (5.)
Very good '
Received any information about 235 (91 4)
menstruation
Soa(r)ctﬁ(es)r/(f)aftr;\eernstrual information 182 (70.8)
Friends 103 (40.1)
150 (58.4)
School/teachers
; 151 (58.8)
Internet/media 6(23)
Other '
“Multiple responses allowed
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Table 2. Comparison of menstrual knowledge between adolescents who received menstrual information and those

who did not
Received Did not receive
h teristi menstrual menstrual Total . C Y
aracteristic information information (n=257) p ramers
(n=235) (n=22)
Age, years, mean * SD 17.42£3.12 18.02£6.12 17.48%3.96 0.610° 0.040¢
@/(j)olescents with complete menstrual knowledge, n 151 (64.3) 7(318) 158 (61.5) 0.003* | 0212
0,
igfoa; y'::?sa“he' n (6) 3(13) 2(9.1) 5(1.9)
: 218 (92.8) 15 (68.2) 233 (90.7)
10.5-15 years 6(2.5) 1(45) 727) 0.045 0.249
=15 years 8 (3.4) 4(18.2) 12 4.7)
Do not know ' ' '
- - "
Eg;n&zlylsnterval between two menstrual periods, n (%) 14 (6.0) 30136 17(6.6)
2145 days 211(89.9) 18 (81.8) 229 (89.1) 04ss | 0100
~45 days 1(0.4) 0(0.0) 1(0.4)
Do ot know 9(3.8) 1(4.6) 10 3.9)
1 1 0,
/if(rj&;gﬁdumtmn of menstrual bleeding, n (%) 2(09) 1(4.5) 3(12)
226 (96.2) 19 (86.4) 245 (95.3)
2> 77 3:355 5(2.1) 1(4.5) 6(23) 0.024 10277
Do not know 209 1(4.5) 3(1.2)
H 0,
2?IF\)/arSjL;/Tatiﬁrpg;EadS/tampons used, n (%) 18(7.7) 5(22.7) 23 (89)
3'6 pads/tampons 191 (81.3) 13(59.1) 204 (79.4) 0102 | o491
~6 pads/tampons 6 (2.5) 0(0.0) 6(2.3)
Do not kitow 20 (8.5) 4(18.2) 24 (9.3)
Menstrual knowledge score, mean + SD 3.66 = 0.59 3.00 £1.12 3.61 £ 0.67 0.002? 0.215¢
aMann-Whitney U test, "Pearson Chi-square test, ‘Rank-biserial (effect size for Mann-Whitney U test)
“Fisher’s Exact test
Table 3. Comparison of menstrual information status and menstrual knowledge by age group
EA MA LAYA Effect size
(n=77) (n=76) (n=104) p
Received menstrual information, n (%) 73 (94.8) 67 (88.2) 97 (93.3) 0.402° 0.096°
Complete menstrual knowledge, n (%) 41 (53.2) 43 (56.6) 74 (71.2) 0.029°* 0.166°
Menstrual knowledge score, mean & SD 3.38+0.87 3.47£0.76 3.72£0.58 0.003%F 0.037¢

“EA-MA: 0.679, EA-LAYA: 0.013, MA-LAYA: 0.043
fEA-MA: 0.620, EA-LAYA: 0.002, MA-LAYA: 0.007

Pearson Chi-square test, "Kruskal-Wallis test, ‘Cramér’s V (effect size for Pearson Chi-square test), “Eta-squared (effect size for Kruskal-Wallis test)
EA: Early adolescent, MA: Middle adolescent, LAYA: Late adolescent/young adult, SD: Standard deviation

had received information about menstruation, less than
two-thirds had complete menstrual knowledge. The other
finding is that complete menstrual knowledge rates and
menstrual knowledge scores varied significantly depending
on the adolescence developmental stage. Considering that
the menstrual cycle is a vital sign of women’s health from

menarche onwards, the insufficient knowledge may delay
recognition of abnormal bleeding patterns and timely help-
seeking.

In our study, the majority of participants reported
having received menstrual information from at least one
source. Parents were identified as the most frequently
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reported source of information, followed by internet/media
and school/teachers. The fact that parents are the primary
information source may be related to their accessibility and
reliability for adolescents, a finding consistent with previous
literature (4,6). However, reliance on parents may also have
limitations, as the accuracy and comprehensiveness of
the information provided can vary depending on parental
knowledge, beliefs, and potential sociocultural taboos
surrounding menstruation. The second most common
source was the internet and media which indicates that
adolescents also seek information outside of face-to-face
educational settings; which may introduce variability in
the accuracy and consistency of information received.
In addition, online sources may expose adolescents to
misinformation, unverified content, and non-evidence-based
recommendations, potentially leading to misconceptions
and inappropriate health practices (7).

Notably, healthcare providers were not reported as a
source of menstrual information in our study. This finding
may reflect limited engagement of adolescents with
healthcare services for preventive or educational purposes,
as well as missed opportunities within clinical encounters
to address menstrual health proactively. In many settings,
menstrual health is not routinely discussed unless a specific
complaint is raised, which may further limit adolescents’
exposure to accurate, evidence-based information. In
addition, the lack of adolescent medicine as a formally
recognized subspecialty in Turkiye may further contribute
to this gap, as structured, youth-focused preventive
counseling is not systematically integrated into routine care
(8). The absence of healthcare professionals as a reported
source is particularly important, given their potential role
in delivering standardized and reliable education. This
highlights the need to integrate menstrual health counseling
into routine adolescent healthcare visits and to adopt more
proactive, developmentally appropriate communication
strategies.

Although a large proportion of participants reported
having received menstrual information, complete menstrual
knowledge was identified in only 61.5% of the participants.
While those who reported prior exposure to menstrual
information demonstrated significantly higher knowledge
levels than those who had not, nearly one-third of the
informed group still exhibited incorrect or incomplete
knowledge. This finding suggests that exposure to information
alone does not always mean having accurate information.
Consistent with this observation, the literature emphasizes
that menstrual health knowledge is related not only to access
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to information but also to the understanding and application
of that information in daily life. Studies show that interactive,
structured interventions delivered through reliable sources are
more effective and engaging than purely didactic or written
approaches (9). A study conducted among grade 8-12 students
in Canada demonstrated that menstrual health education not
only improved knowledge but also increased confidence in
menstrual health understanding, prioritization of menstrual
health, and comfort in discussing menstruation (10). In another
intervention study, a nurse-managed education program was
observed to improve menstrual knowledge in adolescent girls
and promote a more positive attitude and increase confidence
(11). Importantly, several school-based intervention studies
have demonstrated that structured menstrual health education
delivered within the school setting significantly improves
adolescents’ knowledge, beliefs, and practices. For example,
a school-based educational intervention conducted among
adolescent girls reported a marked increase in menstrual
knowledge scores after a 6-month programme (12). Similarly,
some studies have shown that health education interventions
implemented in schools lead to substantial improvements in
both knowledge and menstrual hygiene practices compared
with non-intervention groups (13). In this context, the Health
Promoting Schools framework provides a comprehensive and
effective approach for integrating menstrual health education
into the school environment through coordinated curricula,
supportive school policies, and engagement with families and
communities (14). Integrating menstrual health education into
this framework may help provide consistent, age-appropriate
and stigma-sensitive learning and improve knowledge,
attitudes, confidence, and health-seeking behaviors.

In our study, the significant increase in both complete
menstrual knowledge rates and menstrual knowledge
scores from early adolescence to late adolescence/young
adulthood suggests that knowledge may develop over time
through accumulated experience and repeated exposure
to information. However, despite this increase, knowledge
remained suboptimal even in late adolescence/young
adulthood, where approximately one-third of participants
still lacked complete menstrual knowledge. Existing literature
indicates that many girls enter menarche insufficiently
prepared, highlighting a critical gap in premenarcheal
education (15). Cultural factors may further influence this
process, as negative feelings such as embarrassment, fear,
or anxiety about talking about menstruation, particularly
during premenarche and early adolescence, can create
substantial barriers to information acquisition (16,17). In this
context, the relatively lower knowledge levels observed in
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early and middle adolescence in our study, together with the
persistent knowledge gaps observed even in late adolescence/
young adulthood, underscore the importance of the
premenarcheal and early postmenarcheal periods as critical
windows for intervention, as well as the need for continued
education across all developmental stages. By examining
early, middle, and late adolescence and young adulthood
as distinct developmental stages, our study provides insight
into age-related differences in menstrual knowledge across
a broader developmental spectrum. These findings support
the need for developmentally adapted menstrual health
education programs that target early adolescence before
misconceptions become established and extend into later
stages to address persistent knowledge gaps.

Study Limitations

This study has some limitations. First, due to its cross-
sectional design, a causal relationship between prior exposure
to menstrual information and menstrual knowledge levels
could not be evaluated. Second, the fact that data were
collected via an online, self-administered, multiple-choice
questionnaire may have led to selection bias, including
potential participation of individuals only who have digital
access or a greater interest in the subject.

Conclusion

In conclusion, although most adolescents and young
adults reported having received information about
menstruation, complete menstrual knowledge was
suboptimal. Knowledge levels increased with age but
remained suboptimal, particularly during early and middle
adolescence. Notably, healthcare providers were not
identified as a source of menstrual information, highlighting
a critical missed opportunity for delivering accurate and
evidence-based education. These findings highlight the need
for structured, developmentally adapted menstrual health
education programs that provide accurate information and
extend beyond simple information dissemination. Integrating
age-appropriate menstrual health education into school
curricula and routine adolescent healthcare checkups may
facilitate earlier recognition of abnormal menstrual patterns,
support informed health-seeking behaviors, and promote
acceptance of menstruation as a physiological process,
potentially reducing fear and anxiety. In this context, the
formal recognition and expansion of adolescent medicine as
a subspecialty may play a key role in strengthening youth-
focused preventive care and ensuring the systematic delivery
of developmentally appropriate health education.
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Abstract

Introduction: The relationship between vitamin D supplementation and urinary
stone formation in infancy remains controversial, leading to variability in clinical
practice regarding continuation or discontinuation of vitamin D in infants diagnosed
with urolithiasis. This study aimed to evaluate whether serum 25-hydroxyvitamin D
levels are associated with the presence of urolithiasis in infants.

Materials and Methods: This retrospective study included 77 infants who underwent
renal ultrasonography for suspected urinary stone disease. Patients were classified
according to the presence or absence of ultrasonographically detected urolithiasis.
Clinical and laboratory parameters, including serum 25-hydroxyvitamin D levels
and urinary calcium-to-creatinine ratios, were recorded. Hypercalciuria was defined
using age-specific reference values. Factors associated with urolithiasis were
evaluated using univariate and multivariate logistic regression analyses.

Results: Of the 77 infants, 54 had ultrasonographically detected urolithiasis. Mean
serum 25-hydroxyvitamin D levels were similar between infants with and without
urolithiasis (34.44%13.63 vs 34.81£15.68 ng/mL, p=0.917). None of the infants
exhibited vitamin D excess or intoxication. Infants with stones had higher median
urinary calcium-to-creatinine ratios compared with those without urolithiasis
median (min-max) [0.58 (0.02-1.98) ve 0.34 (0.08-1.8) mg/mg; p=0.031], and
hypercalciuria was more frequent in this group (37% vs 13%, p=0.030). Although
younger age and hypercalciuria were associated with urolithiasis in univariate
analyses, these associations did not remain statistically significant in multivariable
models. Serum vitamin D levels were not associated with stone presence in either
univariate or multivariate analyses.

Conclusion: In this study, serum 25-hydroxyvitamin D levels were not found to
be associated with urolithiasis in infants. These findings suggest that vitamin D
status alone may not fully explain stone formation during early infancy. Decisions
regarding continuation or discontinuation of vitamin D supplementation should
therefore consider the overall metabolic and clinical context, including urinary
calcium excretion, rather than relying solely on serum vitamin D levels.

0z

Giris: infantlarda vitamin D destegi ile iiriner tas olusumu arasindaki iliski tartismali
olup, bu durum tirolitiyazis tanisi alan bebeklerde vitamin D desteginin stirdiiriilmesi
veya kesilmesi konusunda klinik uygulamalarda degiskenlige yol acmaktadir. Bu

calismanin amaci, infantlarda serum 25-hidroksivitamin D diizeyleri ile trolitiyazis
varligi arasinda bir iliski olup olmadigini degerlendirmektir.
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Gereg ve Yontem: Bu retrospektif calismaya, triner tas hastaligi stiphesiyle renal ultrasonografi yapilan 77 infant dahil edildi. Hastalar,
ultrasonografide trolitiyazis saptananlar ve saptanmayanlar olmak tzere iki gruba ayrildi. Serum 25-hidroksivitamin D dizeyleri ve
idrar kalsiyum/kreatinin orani dahil olmak Uzere klinik ve laboratuvar verileri kaydedildi. Hiperkalsiiiri, yasa 6zgu referans degerler
kullanilarak tamimlandi. Urolitiyazis ile iliskili faktorler tek degiskenli ve cok degiskenli lojistik regresyon analizleri ile degerlendirildi.
Bulgular: Toplam 77 infantin 54’tinde ultrasonografik olarak renal tas veya mikrolitiyazis saptandi. Tas saptanan ve saptanmayan
gruplar arasinda serum 25-hidroksivitamin D diizeyleri agisindan anlamli fark yoktu (34.44+13.63 ve 34.81£15.68 ng/mL; p=0.917).
Hicbir infantta vitamin D fazlaligi veya intoksikasyonu saptanmadi. Tas saptanan grupta idrar kalsiyum/kreatinin orani daha yiksek
bulundu median (min-max) [0.58 (0.02—1.98) ve 0.34 (0.08-1.8) mg/mg; p=0.031] ve hiperkalsitiri sikhg1 daha fazlaydi (%37 ve %13;
p = 0.030). Ancak yas ve hiperkalsitiri, cok degiskenli analizlerde tas varhgi ile bagimsiz olarak iliskili bulunmadi. Serum vitamin D
diizeyleri ise hem tek degiskenli hem de cok degiskenli analizlerde tas varligi ile iliskili degildi.

Sonug: Bu calismada, infantlarda serum 25-hidroksivitamin D dizeyleri ile trolitiyazis varligi arasinda bir iliski saptanmamistir.
Bulgularimiz, erken infant doneminde tas olusumunun yalnizca vitamin D durumu ile aciklanamayacagini disiindiirmektedir. Bu
nedenle, Urolitiyazisi olan infantlarda vitamin D desteginin stirdiiriilmesi veya kesilmesine iliskin kararlar, yalnizca serum vitamin D
duizeylerine degil; idrar kalsiyum atihmi basta olmak tizere genel metabolik ve klinik baglam goz 6niinde bulundurularak verilmelidir.

Introduction

Urinary stone disease has been increasingly recognized in
adults; however, stone formation during infancy represents
a distinct clinical entity with important differences from
adult disease in terms of epidemiology, etiology, clinical
presentation, and management (1-3). Pediatric urolithiasis
is of particular clinical relevance because it is frequently
associated with underlying metabolic abnormalities and
carries a potential risk for recurrence, underscoring the
importance of early diagnosis and appropriate follow-up
(4,5). Among the various factors implicated in pediatric
urolithiasis, the relationship between vitamin D status
and stone formation during infancy remains incompletely
understood and, at times, controversial (6-9). Vitamin
D plays a central role in calcium homeostasis and bone
mineralization. While deficiency may impair skeletal health,
excessive vitamin D exposure can increase intestinal calcium
absorption and urinary calcium excretion, potentially
contributing to stone formation in susceptible individuals
(10-13). Genetic factors, including variations in the vitamin D
receptor (VDR), may also modulate individual susceptibility
to stone formation (14,15). Despite these observations,
evidence specifically addressing infants remains scarce and
often inconsistent, and the threshold at which vitamin D
becomes potentially lithogenic in early life is uncertain.

Given the widespread use of vitamin D supplementation
in infancy and the ongoing uncertainty surrounding its
potential lithogenic effects, further research is needed
to clarify whether elevated serum 25-hydroxyvitamin D
levels are associated with biochemical or ultrasonographic
markers of stone risk in this age group. Although key
metabolic stone-forming parameters such as urinary
oxalate, citrate, and cystine were not available in our cohort,
the present study focuses on vitamin D status in relation to
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ultrasonographically detected urolithiasis. By characterizing
this association independently of metabolic evaluations,
our findings provide clinically relevant descriptive data that
may help guide decision-making regarding continuation or
discontinuation of vitamin D supplementation in infants
with urolithiasis.

In the context of widespread vitamin D supplementation
duringinfancyand ongoinguncertainty regardingits potential
lithogenic effects, the objective of this retrospective study is
to evaluate whether serum 25-hydroxyvitamin D levels are
associated with the presence of urolithiasis in infants. By
analyzing clinical, laboratory, and ultrasonographic data, we
aimed to compare vitamin D status between infants with and
without ultrasonographic evidence of urolithiasis, without
inferring causality. This study also seeks to provide descriptive
evidence to support clinical decision-making regarding
whether vitamin D supplementation should be continued or
discontinued in infants diagnosed with urolithiasis.

Materials and Methods

This retrospective study included infants younger than 12
monthswho were evaluated in the pediatric nephrology clinic
with ultrasonography for suspected urolithiasis between
June 2023 and November 2025. All procedures performed
in this study were in accordance with the ethical standards
of the institutional and/or national research committee at
which the studies were conducted and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. The study was approved by the Samsun University
Non-Interventional Clinical Research Ethics Committee
(approval number: 2025/23/13, date: 03.12.2025).

Medical records of 121 patients were reviewed. One infant
with Zellweger syndrome, eleven preterm infants, one infant
with an ectopic kidney, and one infant receiving calcium
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folinate therapy, six infants with inconclusive laboratory
data, nine infants with unknown vitamin D use at admission
and fifteen infants without calcium-to-creatinine ratio were
excluded due to the potential confounding effects of these
conditions or treatments on mineral metabolism. Ultimately,
77 patients were enrolled in the final analysis.

All infants in our cohort had been started on routine
vitamin D prophylaxis as part of standard national practice.
Serum 25-hydroxyvitamin D concentrations were measured
using the chemiluminescent microparticle immunoassay
(CMIA), in accordance with the manufacturer’s instructions.

For each patient, serum creatinine, albumin, calcium,
phosphorus, alkaline phosphatase (ALP), parathyroid
hormone (PTH), and 25-hydroxyvitamin D levels were
extracted from the hospital laboratory system. Spot urine
calcium and creatinine measurements were also recorded.
Hypercalciuria was defined according to age-specific cutoffs:
a urinary calcium-to-creatinine ratio above 0.8 mg/mg for
infants aged 0—6 monthsand above 0.6 mg/mg for those aged
7-12 months (16). Because of the retrospective nature of the
study, comprehensive metabolic stone risk profiles (such as
urinary oxalate, citrate, and cystine) were not consistently
available across the cohort and were therefore not included
in the analysis.

All ultrasonographic evaluations were conducted by
radiologists with different levels of pediatric imaging
expertise using the same ultrasound platform (Resona
R9, Mindray Medical International, Shenzhen, China). In
radiology reports, stone size was inconsistently recorded.
When a numeric size in millimeters was available, findings
were categorized as microlithiasis (<3 mm) or calculus (>3
mm), consistent with prior pediatric literature. When size
was not reported and findings were described qualitatively
(e.g.‘millimetric echogenic/crystalloid foci’), cases were
retained as ultrasound-positive but were not included in
size-based analyses.

Urinary tract calculi were defined by punctate echogenic
foci, typically with posterior acoustic shadowing and/or color
Doppler twinkling artifacts, acknowledging the inherent
difficulty of distinguishing true calculi from transient
microlithiasis in infancy. Due to the retrospective design,
the interval between ultrasonography and serum 25(0H)D
measurement varied among patients (median 9 days, min—
max 0-108).

Statistical Analysis

Statistical analyses were performed using SPSS version
25.0 (IBM Corp, Armonk, NY). Continuous variables were

tested for normality using the Shapiro-Wilk test. Normally
distributed variables are presented as mean =+ standard
deviation (SD), while non-normally distributed variables
are reported as median (min-max). Categorical variables are
expressed as numbers and percentages (n, %).

Comparisons between infants with and without
urolithiasis were performed using the independent samples
t-test for normally distributed continuous variables, and the
Mann-Whitney U test for non-normally distributed variables.
Chi-square or Fisher’s exact tests were used for categorical
variables, as appropriate.

Correlations were assessed using Spearman’s rank
correlation coefficient (p).

Univariate logistic regression analyses were first
conducted to identify potential associations between clinical
and laboratory variables and the presence of urolithiasis.
Variables with univariate p-values <0.10 were considered
for inclusion in multivariate logistic regression models to
adjust for potential confounding. Two multivariate models
were constructed: Model 1 included age and other relevant
variables meeting the univariate inclusion criteria, while
Model 2 additionally included hydronephrosis to adjust
for its potential confounding effect. Odds ratios (OR) and
adjusted odds ratios (aOR) with 95% confidence intervals (Cl)
were reported. A two-tailed p-value <0.05 was considered
statistically significant for all analyses.

Results

A total of 77 infants were included in the study, of whom
54 (70.1%) had ultrasonographic evidence of urolithiasis. The
clinical and laboratory features of the groups are summarized
in Table 1. Among the 54 infants with ultrasonographically
detected urolithiasis, stone size was not quantitatively
reported in 10 cases and was described qualitatively as
millimetric crystalloid echogenic foci. In the remaining 44
infants with documented stone measurements, the median
(min—max) stone size was 2.8 mm (1.3-8.0). Among the 54
infants with ultrasonographically detected urolithiasis, stone
location was reported as the upper pole in 2 (3.7%), middle
pole in 12 (22.2%), lower pole in 27 (50.0%), and renal pelvis
in 2 (3.7%) cases. In 11 infants (20.4%), stones were described
as renal without further specification of intrarenal location.

Infants with urolithiasis were significantly younger than
those without urolithiasis (median 3.06 vs. 4.56 months,
p=0.009). Gender distribution and serum biochemical
markers including total calcium, phosphate, parathyroid
hormone, and 25-hydroxyvitamin D levels were comparable
between the two groups (p>0.05 for all). The distribution of

J Curr Pediatr 2026;24(2):119-25



122 Koksoy and Onal. Vitamin D in Infantile Urolithiasis

Table 1. Clinical and laboratory features of patients

Urolithiasis Urolithiasis
absent present P
N:23 N:54
Age 4.56 (1.08-11.16) 3.06 (0.12-10.08) | 0.009
Female 11 (47.8) 17 (31.5)
Sex, n (%) 0.202
Male 12 (52.2) 37 (68.5)
Stone size (mm) [median (min-max)] 2.8(1.3-8.0)
. Yes 44 (81.5)
Stone size reported, n (%)
No 10 (18.5)
Creatinine (mg/dL) [median (min-max)] 0.25(0.13-0.47) 0.23(0.13-0.42) 0.101
Ca (mg/dL) [median (min-max)] 10.42 (9.08-11.74) 10.47 (9.42-12.14) | 0.501
P (mg/dL) [median (min-max)] 6.00 (4.7-6.8) 6.10 (3.6-7.6) 0.448
ALP (U/L) [median (min-max)] 211.00 (135-388) 270.00 (149-450) | 0.004
25-0H VitD (ng/mL) (mean + SD) 34.81 + 15.68 34.44 +13.63 0.917
ite(z)gl-(l)r\i/gs,Dn(r(l/%)/r[nrrl;)edian (min-max)] =20 4(174) 10(18.5)
20-29.9 6(26.1) 9(16.7)
30-50 10 (43.5) 30 (55.6)
>50 3(13) 5(9.3)
PTH (pg/mL) [median (min-max)] 21.70 (5.1-52.2) 18.55 (1.2-52.6) 0.644
Uca/cre (mg/mg) [median (min-max)] 0.34 (0.08-1.8) 0.58 (0.02-1.98) 0.031
Hypercalciuria () 20 (87.0) 34 (63.0) 0.030*
n (%) (+) 3(13.0) 20 (37.0)
Hydronephrosis () 20 (87.0) 49 (90.7) 0.689
n (%) (+) 3(13.0) 5(9.3) '

U urine calcium-to-creatinine ratio) “Fisher’s exact test was used for hypercalciuria

e {

Continuous variables are presented as mean =+ standard deviation or median (min-max), as appropriate. Ca: Calcium, P: Phosphorus, ALP: Alkaline phosphatase, PTH: Parathormone,

serum 25-hydroxyvitamin D categories did not differ between
infants with and without urolithiasis (x*=1.42, p=0.701). The
urinary calcium-to-creatinine ratio was higher in infants
with urolithiasis (median 0.58 vs. 0.34 mg/mg, p=0.031), and
hypercalciuria was more frequent in infants with urolithiasis
(37% vs. 13%, p=0.030). The prevalence of hydronephrosis
did not differ between the groups. Median serum creatinine
levels were slightly lower in the urolithiasis group (0.23 vs
0.25 mg/dL, p=0.101). Median serum ALP levels were higher
in patients with urolithiasis (270 vs 211, p=0.004). This
difference is likely attributable to age-related variations in
bone turnover rather than stone-related pathology.
Spearman correlation analyses showed no significant
association between serum 25-hydroxyvitamin D levels and
the urinary calcium-to-creatinine ratio (p = -0,111, p=0.336)
or serum calcium levels (p = -0.169, p=0.142). A moderate
positive correlation was observed between serum calcium
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and urinary calcium excretion (p = 0.294, p=0.010), while
age was inversely correlated with the urinary calcium-to-
creatinine ratio (p = -0.494, p<0.001) consistent with the
expected physiological decrease in urinary calcium excretion
with increasing age in infancy.The findings of the univariate
and multivariate logistic regression analyses are summarized
inTable 2. Inthe univariate models, younger age (OR: 0.78 95%
Cl: 0.63-0.96, p=0.021) and the presence of hypercalciuria
(OR: 3.92 95% Cl: 1.03-14.87, p=0.045) were significantly
associated with urolithiasis. However, these associations
were no longer statistically significant after adjustment for
potential confounders. In the multivariate models, the effect
of age attenuated (aOR: 0.82, 95% Cl: 0.66—1.03, p=0.097),
and the association between hypercalciuria and stone
presence also weakened (aOR: 3.92-2.68, p=0.045-0.174).
This attenuation likely reflects the strong age dependence of
urinary calcium excretion and the limited number of infants
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Table 2. Logistic regression analysis of confounding factors among patients with urolithiasis regarding vitamin D

status and hypercalciuria Model 1 and 2

Univariate (Model) OR

Multivariate (Model 1) aOR

Multivariate (Model 2) aOR

Variable
(95% Cl), p

(95% Cl), p

(95% Cl), p

Age (months) 0.78 (0.63-0.96), p=0.021

0.82 (0.66-1.03), p=0.097

0.83 (0.66-1.05), p=0.124

25-0H Vitamin D 0.99 (0.96-1.03), p=0.916

0.99 (0.96-1.03), p=0.903

0.99 (0.96-1.03), p=0.909

Hypercalciuria 3.92 (1.03-14.87), p=0.045

2.68 (0.64-11.13), p=0.174

2.89 (0.67-12.50), p=0.154

Hydronephrosis 0.68 (0.14-3.11), p=0.620

0.559 (0.10-3.37), p=0.584

presenting with hypercalciuria in the cohort.

Serum 25-hydroxyvitamin D concentrations showed
no association with urolithiasis in either univariate or
multivariate analyses (unadjusted OR: 0.99, 95% Cl:
0.96-1.03, p=0.916; adjusted OR: 0.99, 95% CI: 0.96-1.03,
p=0.903), suggesting that vitamin D status did not influence
the likelihood of detecting stones or microlithiasis on
ultrasonography. Hydronephrosis was similarly not associated
with stone presence in the adjusted models (unadjusted OR:
0.68, p=0.620; adjusted OR: 0.55, p=0.584).

Discussion

Previous studies investigating the association between
vitamin D use and kidney stone risk have yielded inconsistent
results. While some reports suggest that vitamin D
supplementation may increase stone risk depending on dose
and duration, others have found no increased risk outside
specific high-risk populations, such as individuals with
underlying genetic or metabolic conditions predisposing to
stone formation (17,18). Several studies focusing on infantile
urolithiasis have reported higher serum 25-hydroxyvitamin D
levels in affected infants compared with controls, frequently
accompanied by hypercalcemia and increased urinary
calcium excretion, suggesting a contributory role of vitamin
D primarily through calcium dysregulation rather than a
direct lithogenic effect (7-9). In a well-designed prospective
study of exclusively breastfed infants, Yilmaz et al. (9)
reported that higher serum vitamin D levels were associated
with stone formation, along with suppressed parathyroid
hormone levels and increased urinary calcium excretion. In
the present study, serum 25-hydroxyvitamin D levels did not
differ between infants with and without ultrasonographically
detected urolithiasis and were not independently associated
with stone presence. This finding is biologically plausible,

as none of the infants in our cohort exhibited vitamin D
excess or overt intoxication (19). Although upper reference
limits for serum 25-hydroxyvitamin D have been proposed
in clinical guidelines, the specific level at which vitamin D
may contribute to lithogenic risk remains poorly defined,
particularly in infancy. Moreover, emerging evidence
suggests that serum 25-hydroxyvitamin D concentrations
may not accurately reflect tissue-level vitamin D activity or
downstream effects on calcium and phosphate metabolism
(12). Razzaque has emphasized that adverse effects of vitamin
D supplementation, including hypercalciuria and ectopic
calcification, may occur even in the absence of markedly
elevated serum vitamin D levels due to complex regulatory
mechanisms and local vitamin D metabolism, while normal
serum levels do not necessarily exclude biological effects
(12). Accordingly, serum vitamin D status alone may be
insufficient to explain stone formation in early infancy
and should be interpreted within a broader metabolic and
developmental context. In addition, previous studies have
suggested that interindividual differences in susceptibility to
stone formation may be influenced by vitamin D receptor
polymorphisms and potential defects in 24-hydroxylation
of vitamin D, which may partly explain why some children
develop stones despite receiving similar prophylactic or
therapeutic vitamin D doses (15,20,21).

Although no significant association was observed
between serum 25-hydroxyvitamin D levels and presence of
urolithiasis in our cohort, infants with ultrasonographically
detected urolithiasis exhibited higher urinary calcium-to-
creatinine ratios, and hypercalciuria was more frequently
observed in this group. Hypercalciuria was defined using
age-specific reference values, supporting its pathological
significance rather than reflecting physiological age-related
variation. While hypercalciuria did not retain statistical
significance in multivariable analyses, this finding likely
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reflects limited sample size and reduced statistical power
rather than a lack of clinical relevance. Large pediatric series
have demonstrated that infantile urolithiasis differs from
stone disease in older children with respect to metabolic
risk factors, clinical presentation, and natural history, with
hypercalciuria being the most common abnormality in
infancy, whereas hypocitraturia becomes more prominent
later in childhood (4,5,22-24). Importantly, most stones
detected duringinfancy—particularly microlithiasis—tend to
resolve spontaneously, underscoring the generally favorable
prognosis in this age group (9). These observations highlight
the variability in clinical interpretation and management
strategies, particularly regarding decisions about vitamin
D supplementation in infants with ultrasonographic stone
findings.

Clinical practice varies widely: primary care physicians
and clinicians in pediatric stone clinics differ in their
decisions about whether vitamin D supplementation should
be discontinued in infants diagnosed with urolithiasis.
Observations from our center suggest that vitamin D
supplementation is frequently withheld in such infants,
although these decisions often reflect individual clinical
preference rather than evidence-based recommendations.

Recent data also indicate that discontinuation of routine
vitamin D prophylaxis in infants with urolithiasis does not
significantly affect stone recurrence or progression, arguing
against a causal relationship between standard prophylactic
vitamin D dosing and stone growth (6). These observations
support the concept that metabolic factors, rather than
vitamin D exposure alone, may play a more prominent role
in stone formation during early life.

From a pathophysiological perspective, calcium
and phosphorus homeostasis is regulated through the
coordinated interaction of vitamin D, the kidneys, intestines,
parathyroid glands, and bone tissue (25). Although excessive
vitamin D exposure may increase intestinal calcium
absorption and promote hypercalciuria, establishing a direct
and linear relationship between vitamin D supplementation
and kidney stone formation remains challenging. Current
evidence suggests that elevated serum vitamin D levels do
not uniformly translate into clinically evident stone disease,
particularly in the absence of sustained hypercalcemia or
marked hypercalciuria. This may partly explain why routine
vitamin D supplementation does not consistently result in
stone formation in otherwise healthy infants.

Clinically, these findings support an individualized
approach to the management of vitamin D supplementation

J Curr Pediatr 2026;24(2):119-25

in infants with urolithiasis. Routine discontinuation of
prophylactic vitamin D supplementation based solely on the
presence of ultrasonographicstone findings or serum vitamin
D levels may not be justified. Decisions regarding vitamin D
supplementation should therefore be guided by the overall
clinical context, including urinary calcium excretion and
other relevant clinical factors, rather than serum vitamin
D concentrations alone. These observations should be
interpreted within the limitations of a retrospective design
and are intended to inform clinical judgment rather than
establish definitive treatment recommendations.

Study Limitations

This study has several limitations inherent to its
retrospective design. The timing of ultrasonographic
evaluation and serum 25-hydroxyvitamin D measurement
was not standardized, potentially introducing temporal
variability. Comprehensive metabolic stone risk profiles,
including urinary oxalate, citrate, and cystine levels, were
unavailable, limiting assessment of additional lithogenic or
protective factors. Stone detection relied on ultrasonography,
which may not always reliably distinguish true calculi from
transient microlithiasis in infancy. Finally, the relatively small
sample size may have limited statistical power, particularly in
multivariable analyses. The retrospective design and modest
sample size limited detailed biochemical characterization
of stone composition and comprehensive anatomical
assessment; however, the study provides descriptive data
reflecting real-world clinical practice in infants undergoing
routine ultrasonography. These limitations should be
considered when interpreting the findings, and prospective
studies with standardized imaging and metabolic evaluation
are warranted to further clarify the relationship between
vitamin D status and stone formation in infancy.

Conclusion

Clinically, ourfindingssupportan individualized approach
to decisions regarding continuation or discontinuation of
vitamin D supplementation in infants with urolithiasis.
Routine discontinuation of prophylactic vitamin D
supplementation based solely on ultrasonographic stone
findings or serum vitamin D levels may not be appropriate.
Instead, clinical decision-making should be guided by the
overall metabolic and clinical context, including urinary
calcium excretion and other relevant factors, rather than
serum vitamin D concentrations alone.

These findings should be interpreted as descriptive and
hypothesis-generating rather than causal. Well-designed
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prospective studies are needed to clarify the potential role of
vitamin D supplementation in kidney stone formation and to
define serum vitamin D levels that can be considered safe or
potentially unsafe with respect to stone development, both
in terms of incident stone formation and disease progression
in individuals with existing stones.
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Abstract

Introduction: Adverse Childhood Experiences (ACEs) refer to potentially traumatic
experiences such as abuse, neglect, and household dysfunction that an individual
experiences before the age of 18. This study aims to examine the frequency and
temporal trends of Adverse Childhood Experiences (ACEs) among first-year late
adolescents starting university for the first time between 2023 and 2026.

Materials and Methods: This research was conducted as a repeated cross-sectional
study. Data were collected through an anonymous online questionnaire distributed
via social media and student networks. Participants voluntarily joined from various
regions of Turkiye. At the end of the study, the numbers of participants in 2023,
2024, 2025, and 2026 were 138, 137, 136, and 139, respectively, for a total of 550
students. The ACE-Q 10 scale was used to assess the frequency of adverse childhood
experiences (ACEs). Changes over the years were analyzed using the Pearson Chi-
square test, the Linear-by-Linear Association test, and multivariable logistic
regression analyses.

Results: Fifty-three percent of participants reported experiencing at least one ACE,
while 9.6% reported exposure to four or more ACEs. Emotional neglect was the
most common type of child abuse across all years, followed by emotional abuse,
with physical or medical neglect being the least frequent. Childhood sexual abuse
increased significantly from 5.8% in 2023 to 17.4% in 2026 (p-trend=0.001). The
prevalence of alcohol or substance abuse problems in the family also increased
from 3.6% to 10.1% (p-trend=0.033). The percentage of students with four or more
ACE scores increased significantly from 5.8% to 16.5% (p-trend = 0.004).
Conclusion: Among late adolescent students starting university, an increased trend
was observed, particularly in cases of sexual abuse and high ACE burden. Although
the findings are not nationally representative, they suggest a need for continued
monitoring of ACEs and strengthening child protection and trauma-focused
preventive programs.
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0z

Giris: Cocukluk cagi olumsuz yasam deneyimleri (CCOYD), bireyin 18 yasina gelmeden 6nce yasadigi istismar, ihmal ve aile ici islev
bozuklugu gibi potansiyel olarak travmatik deneyimleri ifade eder. Bu calisma, 2023 ile 2026 yillari arasinda ilk kez tniversiteye
baslayan gec ergenlik donemindeki birinci sinif 6grencileri arasinda CCOYD sikligini ve zamansal egilimlerini incelemeyi amacglamistir.
Gere¢ ve Yontem: Bu arastirma, tekrarlanan kesitsel tipte bir calisma olarak yirituld. Veriler, sosyal medya ve 6grenci aglari
aracihgiyla dagitilan anonim cevrimigi anket yoluyla toplandi. Katilimcilar Trkiye’nin cesitli bolgelerinden goniillii olarak katildr.
Calismanin sonunda, 2023, 2024, 2025 ve 2026 yillarindaki katilimc sayilari sirasiyla 138, 137, 136 ve 139 olup toplamda 550
ogrenciye ulasiimistir. Cocukluk cagr olumsuz yasam deneyimlerinin sikligini degerlendirmek icin ACE-Q 10 6lcegi kullanildi. Yillar
icindeki degisiklikler Pearson Chi-square ve Linear-by-Linear Association testi ve cok degiskenli lojistik regresyon analizleri kullanilarak
incelendi.

Bulgular: Katilimcilarin %53’t en az bir olumsuz ¢ocukluk ¢agi olumsuz yasam deneyimi (CCOYD) yasadigini bildirirken, %9,6’si dort
veya daha fazla CCOYD’ye maruz kaldigini bildirmistir. Duygusal ihmal, tim yillar boyunca en yaygin cocuk istismari tiirti olurken,
bunu duygusal istismar takip etmis, fiziksel veya tibbi ihmal ise en az siklikta gorilmistir. Cocukluk ¢agr cinsel istismari, 2023’te
%5,8'den 2026'da %17,4'e 6nemli olctide artmistir (p-trend=0,001). Ailede alkol veya madde bagimliligi sorunlarinin yayginhgi da
%3,6'dan %10,1’e yukselmistir (p-trend=0,033). Dort veya daha fazla CCOYD puanina sahip 6grencilerin yiizdesi de %5,8'den %16,5'e
onemli 6lctide artmistir (p-trend = 0,004).

Sonuc: Universiteye yeni baslayan gec ergenlik donemindeki 6grenciler arasinda, dzellikle cinsel istismar ve CCOYD vyiikii vakalarinda
artis egilimi gozlemlenmistir. Bulgular ulusal diizeyde temsili olamasa da, CCOYD’nin sirekli olarak izlenmesi ve ¢cocuk koruma ile

travma odakli onleyici programlarin giiclendirilmesi ihtiyacini ortaya koymaktadir.

Introduction

Adverse childhood experiences (ACEs) refer to potentially
traumatic experiences such as abuse, neglect, and domestic
dysfunction that an individual is exposed to before the age
of 18 (1). In recent years, the concept of ACEs has become
a key research topic in child health, mental health, and
public health. The main reason is that adverse experiences
in childhood are not limited to childhood; they also create
lifelong physical, psychological, and social effects (1-3).

Studies show that ACE exposure is associated with
depression, anxiety, substance use disorders, cardiometabolic
diseases, risky health behaviors, and early mortality in
adulthood (4,5). Toxic stress caused by ACEs can leave lasting
effects on the neuroendocrine system, immune system, and
brain development in childhood (6). In particular, chronic
activation of the hypothalamic-pituitary-adrenal axis and
changes in inflammatory processes underlie lifelong health
risks (7).

Experiences within the scope of ACE are generally
assessed in two main groups: childhood maltreatment and
household dysfunction (1). Emotional, physical, and sexual
abuse, and emotional and physical neglect are included
in childhood maltreatment. At the same time, domestic
violence, parental separation, mental illness in family
members, alcohol or substance use problems, and a history
of crime are considered household dysfunctions (1-3).

One of the most important findings of ACE studies is
the cumulative effect of exposures. It has been shown that
individuals with four or more ACEs have a significantly

increased risk of mental disorders, chronic diseases, and
adverse life outcomes (8). Recent meta-analytic studies report
that health outcomes worsen with increasing ACE load, and
that a significant dose-response relationship emerges (8-10).

Globally, ACEs are known to be quite common. A recent
systematic review and meta-analysis reported that only 42%
of children had never experienced an ACE, while 15% had
four or more ACEs (11). Similarly, Centers for Disease Control
and Prevention (CDC) data show that a large proportion of
the adult population has experienced at least one ACE (1).
However, ACE prevalence varies across countries, cultures,
and socioeconomic conditions (1,11-13).

It is suggested that the negative life events to which
children are exposed may have increased following the
COVID-19 pandemic. It is stated that factors such as domestic
economic problems, increased parental stress, social
isolation, and distancing from educational environments
during the pandemic period create new risks in terms of child
abuse and neglect (14). Therefore, updated ACE assessments
are particularly important after 2023, the post-pandemic
period.

The period of starting university is a critical stage of life
in which the effects of experiences individuals had during
childhood and adolescence become visible in academic,
social, and psychological areas (14). Recent studies show that
the prevalence of ACE is high among university students and
that childhood traumas have significant effects on academic
success, psychological adjustment, and quality of life (12-17).

Adverse childhood experiences (ACEs) are common
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among university students, with similar rates reported across
many countries. However, there are almost no longitudinal
or repeated cross-sectional trend studies that show an
increase in ACE frequency over time (12-17). While studies
have examined the prevalence of ACE in Tiirkiye, we have
not found any research evaluating changes over time (12,13).
Determining trends in ACE frequency, especially among late
adolescent students who have recently started university, can
inform the development of preventive public health policies.

This study aimed to determine the frequency of ACE
among late-adolescent students starting university for the
first time between 2023 and 2026 and to examine trends
over time.

Materials and Methods

Study Design and Population

This research was conducted as a repeated cross-sectional
study. The study population consisted of approximately
650,000 students starting university for the firsttime in Tuirkiye
each year between 2023 and 2026. Sample size estimation
was performed using an expected ACE prevalence of 12-15%,
based on previously reported prevalence estimates among
Turkish university students, with a 90% confidence level and
a =5 % margin of error (18). Under these assumptions, the
minimum required sample size was calculated to be 124
participants per study year.

To ensure comparable sample sizes and similar levels of
statistical precision across the four survey periods, a target
of approximately 140 participants was established for each
year. Data were collected anonymously via Google Forms,
and responses were retained after submission. Therefore,
rather than deleting completed questionnaires after data
collection, recruitment was prospectively closed when
approximately 140 responses had been obtained in each
survey period. This approach was adopted to minimize
imbalances in sample size between years and to maintain
consistency across repeated cross-sectional assessments.

The study used a voluntary online convenience sampling
approach rather than probability-based sampling. Data
were collected through an anonymous online questionnaire
distributed via social media and student networks.
Participants voluntarily joined from various regions of
Turkiye.Therefore, the sample should not be considered
nationally representative, and the findings should be
interpreted within the context of the study population.

Atthe end of the study, the number of individuals reached
and included in 2023, 2024, 2025, and 2026 was 138, 137,
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136, and 139, respectively, for a total of 550 students. With
these numbers, the margins of error at the end of the study,
at a 90% confidence level, were £4.72%, £4.74%, £4.76%,
and £4.71 %, respectively.

Data Collection Procedures

Data were collected via an online survey. Participants
volunteered for the research, and all data were collected
anonymously. The ACE-Q 10 scale was used to determine the
frequency of childhood adverse life experiences (ACE). The
scale was developed by the CDC and Permanente in 1997,
and its Turkish validity and reliability were tested by Gilindiiz
et al. (19) in 2018. Variables within the scope of ACE in the
scale were evaluated under two main headings:

Childhood Maltreatment

* Emotional abuse

* Physical abuse

* Sexual abuse

* Emotional neglect

* Physical/Medical negligence

Household Dysfunction

» Domestic violence

* Parental separation/divorce

* Presence of a member of the family with a mental illness

« Alcohol or substance use problem in the family

* Family history of crime or prison

The scale was scored from 0 to 10, with no cutoff points.
Higherscores indicated greater exposure to adverse childhood
experiences. A score of 0 indicated no ACE exposure, whereas
a score of 10 indicated exposure across all ACE domains. (19).

Statistical Analysis

The data obtained in the study were entered into SPSS 22
(Statistical Package for the Social Sciences) and analyzed using
descriptive and comparative statistics. Descriptive statistics
were presented as frequency and percentage. The normality
assumption was assessed by examining the histogram, g-q
plot, and skewness and kurtosis values, and by applying
the Shapiro-Wilk test. Categorical data were evaluated
using the chi-square test. Differences between years were
evaluated using the Pearson chi-square test. The Linear-
by-Linear Association test was used to determine temporal
trends. The statistical significance level was accepted as
p<0.05. To determine whether observed temporal changes
were independent of potential differences in participant
characteristics across study vyears, multivariable logistic



Tiire et al. Trends in Adverse Childhood Experiences 129

regression analyses were additionally performed. Year of
enrollment was entered as an ordinal variable (2023-2026),
and the models were adjusted for gender and employment
status. Separate models were constructed for childhood
sexual abuse, alcohol/substance use problems within the
family, and high ACE burden (ACE score >4). Adjusted odds
ratios (@ORs) and 95% confidence intervals (95% Cls) were
calculated. Statistical significance was set at p < 0.05.

Ethics Committee Approval

The authors affirm that all procedures and experiments
conducted in this study complied with the ethical standards
outlined in the Declaration of Helsinki (1975), as revised
in 2008, as well as relevant national regulations. Ethical
approval for the study was obtained from the istanbul
Medipol University Clinical Research Ethics Committee
(decision no: E-10840098-772.02-7504, date: 29.11.2023).

Results

Participant Characteristics

Of the 550 students participating in the study, 69.6% were
female, and 30.4% were male, with a mean age of 19.21 +
1.77 years. Most participants (83.8%) were not working during
their university education. Overall, 53.1% of students reported
at least one adverse childhood experience (ACE), 43.1%
reported at least one form of childhood maltreatment, and
32.4% reported at least one form of household dysfunction.
An ACE score of four or higher was observed in 9.6% of the
participants. The general characteristics of all participants
were summarized in Table 1.

Trends in Childhood Abuse and Neglect Experiences

Throughout the four years, the most common type of
child abuse was emotional neglect, followed by emotional

Table 1. Participants’ sociodemographic and Adverse Childhood Experiences (ACEs) characteristics

Categories ;:‘I I( (;:)artlapa nts
2023 138 (25.1)
2024 137(24.9)
2025 136 (24.7)
2026 139 (25.3)

Female 383 (69.6)
Gender

Male 167 (30.4)

. . Not working 461 (83.8)

Employment status while at university -

Working 89 (16.2)
Childhood maltreatment (CM)
Emotional abuse 115 (20.9)
Physical abuse 49 (8.9)
Sexual abuse 57 (10.4)
Emotional neglect 167 (30.4)
Physical/Medical neglect 12
Household dysfunction (HD)
Domestic violence 32(5.8)
Parental separation/divorce 56 (10.2)
Presence of a member of the family with a mental iliness 114 (20.7)
Alcohol or substance use problem in the family 29 (5.3)
Family history of crime or prison 19 (3.5)
Those who have at least one ACE 292 (53.1)
Those with an ACE score of 4 and above 53 (9.6)
Those that are at least one CM 237 (43.1)
Those with at least one HD 178 (32.4)
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abuse, while physical or medical neglect was the least
frequent.

The frequency of emotional abuse increased from 17.4%
in 2023 to 25.2% in 2026. However, this increase was not
statistically significant (p-trend = 0.182).

An increase was also observed in the frequency of
physical abuse, from 4.4% to 10.8%, but the linear trend was
not significant (p-trend=0.076).

The frequencies of emotional neglect and physical
neglect remained largely constant throughout the years. The
findings were summarized in detail in Table 2.

A remarkable increase was detected in the frequency of
sexual abuse. The rate, which was 5.8% in 2023, increased to
17.4% in 2026, showing a significant linear increase (p=0.008;
p-trend=0.001). To determine whether the increase in
childhood sexual abuse over time was independent of
changes in participant characteristics, a multivariable
logistic regression analysis was performed, adjusting for
gender and employment status. Year remained a significant
predictor of childhood sexual abuse (aOR=1.38, 95% Cl:
1.04-1.82, p=0.026). This indicates that the odds of reporting
childhood sexual abuse increased by approximately 38%

with each successive study year. Employment status was
also independently associated with childhood sexual abuse
(aOR=2.04, 95% ClI: 1.04-4.00, p=0.038), whereas gender
was not significantly associated (p=0.342). The findings were
summarized in detail in Table 3.

Trends in Household Dysfunction

Parental separation showed a significant difference
between years (p = 0.007), but no linear increase or decrease
trend was detected.

The frequency of alcohol or substance use problems in
the family increased from 3.6% in 2023 to 10.1% in 2026 and
showed a significant linear increase (p = 0.029; p-trend =
0.033). In a multivariable logistic regression model adjusted
for gender and employment status, year of enrollment was
not independently associated with reporting alcohol or
substance use problems within the family (aOR=1.26, 95% Cl:
0.86-1.85, p=0.233). Employment status showed a borderline
association (aOR=2.38, 95% Cl: 0.97-5.79, p=0.057), whereas
gender was not significantly associated (p=0.463).

There was no significant change over the years in terms
of domestic violence, presence of mental illness in the

Table 2. Frequency and trend analysis of Adverse Childhood Experiences (ACEs) over the years in late adolescent
students starting university

2023 2024 2025 2026 Pearson | Linear by

Chi-square | linear

Yes Yes Yes Yes

N (%) N (%) N (%) N (%) p-value P-trend
Childhood maltreatment (CM)
Emotional abuse 24 (17.4) 30 (21.9) 26(19.1) 35(25.2) 0.406 0.182
Physical abuse 6 (4.4) 14 (10.2) 14 (10.3) 15 (10.8) 0.197 0.076
Sexual abuse 8(5.8) 10 (7.3) 15 (11) 24 (17.4) 0.008 0.001
Emotional neglect 44 (31.9) 39(28.5) 41 (30.1) 43 (31.2) 0.935 0.977
Physical/Medical neglect 5(3.6) 2(1.5) 1(0.7) 3(2.2) 0.367 0.345
Household dysfunction (HD)
Domestic violence 6 (4.3) 8(5.8) 7(5.1) 11(8) 0.611 0.254
Parental separation/divorce 17 (12.3) 5(3.7 12 (8.8) 22 (15.9) 0.007 0.167
grriseer?tcael ﬁ‘;naegember of the family with | 55 ;g 1) 24 (17.6) 30 (22.1) 35 (25.4) 0.348 0.0971
g;‘]’ﬁy"' or substance use problem inthe | 55 o) 6 (4.4) 4(2.9) 14 (10.1) 0.029 0.033
Family history of crime or prison 4(2.9) 4(3) 5(3.7) 6(4.3) 0.902 0.467
Those who have at least one ACE 67 (48.6) 69 (50.4) 74 (54.4) 82 (59) 0.309 0.062
Those with an ACE score of 4 and above | 8 (5.8) 11(8) 11(8.1) 23 (16.5) 0.013 0.004
Those that are at least one CM 52 (37.7) 57 (41.6) 59 (43.4) 69 (49.6) 0.240 0.045
Those with at least one HD 40 (29) 39 (28.5) 45 (33.1) 54 (38.8) 0.224 0.055
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family, and criminal history in the family. The findings were
summarized in detail in Table 2 and 3.

Trends in Total ACE Score

The proportion of students with at least one ACE increased
from 48.6% in 2023 to 59.0% in 2026. This increase was close
to the limit of statistical significance (p-trend = 0.062).

The proportion of students with an ACE score of four or
higher increased from 5.8% to 16.5%, showing a significant
linear increase (p=0.013; p-trend=0.004).

A significant increase was also found in the proportion
of students who experienced at least one childhood abuse
(p-trend=0.045). The increase in the rate of experiencing
household dysfunction was found to be borderline significant
(p-trend=0.055).

To determine whether the increase in high ACE burden
over time was independent of changes in participant
characteristics, a multivariable logistic regression analysis
was performed, adjusting for gender and employment status.
Year remained a significant predictor of having an ACE score

Table 3. Multivariable logistic regression analyses of temporal trends in high ACE burden, childhood sexual abuse, and
family alcohol/substance use problems, adjusted for gender and employment status
ACE score of 4 and above Sexual abuse Alcohol or substance use problem in
the family
a0R (%95 Cl) P Nagelkerke a0R (%95 CI) | p-value Nagelkerke a0R (%95 CI) P Nagelkerke
value | R-squared R-squared value | R-squared
Years
(2023-2026) 1.41(1.06-1.87) | 0.019 1.38(1.03-1.82) | 0.026 1.26 (0.86-1.85) | 0.233
Female sex | 0.80(0.43-1.47) | 0.474 | 0.032 0.73(0.38-1.39) | 0.342 | 0.060 1.39(0.57-3.35) | 0.463 | 0.046
Working
studenc 1.43(0.70-2.92) | 0.322 2.04 (1.04-4.00) | 0.038 238(0.97-5.79) | 0.057
a0R: Adjusted odds ratio, Cl: Confidence interval, reference categories were male sex and non-working students
Table 4. Examining the frequency of Adverse Childhood Experiences (ACEs) in all participants according to gender and
current employment status
Gender Employment status while at university
Female Male Not working | Working
Yes Yes p-value Yes Yes p-value
N (%) N (%) N (%) N (%)
Childhood maltreatment (CM)
Emotional abuse 74 (19.3) 41 (24.6) 0.165 97 (21) 18 (20.2) 0.862
Physical abuse 28 (7.3) 21(12.7) 0.044 38(8.3) 11(12.4) 0.214
Sexual abuse 43 (11.3) 14 (8.4) 0.310 39 (8.5) 18 (20.5) 0.001
Emotional neglect 126 (33) 41 (24.6) 0.048 142 (30.8) 25 (28.4) 0.655
Physical/Medical neglect 5(1.3) 6 (3.6) 0.080 7(1.5) 4 (4.5) 0.064
Household dysfunction (HD)
Domestic violence 22 (5.9) 10 (6) 0.916 24 (5.2) 8(9.1) 0.154
Parental separation/divorce 39(10.2) 17 (10.2) 0.984 46 (10) 10(11.4) 0.699
Presence of a member of the family with a
ental flinecs 85 (22.3) 29 (17.4) 0.189 93 (20.2) 21(23.9) 0.440
Q;‘]’ﬁ‘yo' or substance use problem in the 2 (5.8) 7(42) 0.450 19 (4.1) 10 (11.4) 0.015
Family history of crime or prison 11(2.9 8(4.8) 0.259 13(2.8) 6(6.9) 0.058
Those who have at least one ACE 206 (53.8) 86 (51.5) 0.621 235 (51) 57 (64) 0.024
Those with an ACE score of 4 and above 35(9.1) 18 (10.8) 0.549 39 (8.5) 14 (15.7) 0.033
Those that are at least one (M 168 (43.9) 9 (41.3) 0.579 190 (41.2) 47 (52.8) 0.043
Those with at least one HD 130 (33.9) 8(28.7) 0.231 139(30.2) 39 (43.8) 0.012
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of four or more (aOR=1.41, 95% Cl: 1.06-1.87, p=0.019).
This finding indicates that the odds of having a high ACE
burden increased by approximately 41% with each successive
study year. Neither gender (p=0.474) nor employment status
(p=0.322) was significantly associated with having an ACE
score of four or more. The findings were summarized in
detail in Table 2 and 3.

ACE Distribution by Gender and Employment Status

Physical abuse was more frequent in male students than
in female students (12.7% vs. 7.3%; p=0.044). In contrast,
emotional neglect was more common in females (33.0% vs.
24.6%; p=0.048).

Childhood sexual abuse (20.5% vs. 8.5%; p=0.001), family
history of alcohol or substance use (11.4% vs. 4.1%; p=0.015),
at least one ACE score (64.0% vs. 51.0%; p=0.024), and four or
more ACE scores (15.7% vs. 8.5%; p=0.033) were significantly
higher among students who worked during their university
education. The findings were summarized in detail in
Table 4.

Discussion

This study examined temporal changes in adverse
childhood experiences among late-adolescent students
who began university between 2023 and 2026 and reported
significant findings. Emotional neglect and abuse were the
most common types of child maltreatment each year.

The most striking result of the study was the significant
increase observed in the frequency of childhood sexual abuse.
The observed increase in childhood sexual abuse remained
significant after adjustment for gender and employment
status, suggesting that the temporal trend cannot be
explained solely by shifts in the demographic composition
of the sample. The nearly threefold increase in the frequency
of sexual abuse over the four years is a significant warning
for child protection systems. This increase may be related
not only to the actual rise in frequency but also to increased
awareness of sexual abuse and strengthened reporting
behaviors. In addition, the change in the risk environments
to which children are exposed in the post-pandemic period
may also be influential. International reports indicate that
children distancing themselves from safe social support
systems during the pandemic period may increase the risk
of abuse (14).

The marked increase in reported childhood sexual abuse
may also reflect broader social changes occurring in Tiirkiye
during the study period. Economic instability and increasing
financial pressures on families have been associated with
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heightened parental stress, family conflict, and reduced
supervision of children, all of which may contribute to
increased vulnerability to abuse (20). In parallel, adolescents
have experienced unprecedented levels of digital exposure.
Increased use of social media, online gaming platforms, and
digital communication may expand opportunities for online
grooming, sexual exploitation, and exposure to inappropriate
sexual content (21). It is also possible that increased public
discussion of child sexual abuse in traditional and social
media has improved awareness and willingness to disclose
previously unreported experiences (22). Therefore, the
observed increase may reflect a combination of genuine
changes in risk exposure and greater recognition and
reporting of childhood sexual abuse.

In this study, 53.1% of the students reported experiencing
at least one ACE. This rate is largely consistent with the
international literature. Current systematic reviews indicate
that the prevalence of ACE exceeds 50% among university
students and young adults (1,3,12,13). In addition, CDC
data reports that approximately two-thirds of adults have
experienced at least one ACE in their lives (1). Our findings
show that childhood trauma is a widespread public health
problem in Turkey as well.

One of the most striking findings of the study is the
significant increase in the proportion of students with an
ACE score of four or higher over the years. Importantly,
the increasing prevalence of high ACE burden (ACE score
>4) remained significant after adjustment for gender and
employment status. This suggests that the observed temporal
increase reflects a genuine trend rather than changes in the
sample’s demographic composition. Having an ACE score
of four or higher is considered an indicator of high risk for
mental disorders, substance use, suicidal behavior, and
chronic diseases (8-10). Therefore, the increase observed in
our study should be carefully evaluated in terms of future
mental health and public health burdens.

In our study, emotional neglect and abuse were the
most common types of child abuse in all four years from
2023 to 2026. Unlike other types of child abuse, emotional
neglect and abuse often leave no visible marks, making it an
insufficiently addressed problem in societies where violence
is socially acceptable. The lack of visible traces of abuse
can lead to it going unnoticed in society. Unlike forms of
maltreatment that result in visible physical injury, emotional
abuse and neglect may be less readily recognized in settings
where certain disciplinary practices are culturally normalized
or regarded as part of routine child-rearing (23). As a result,
these experiences may remain underrecognized by both
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families and professionals despite their substantial long-
term psychological impact. Continuous emotional abuse
and neglect by the family cause chronic stress in the body.
Chronic stress, when inflicted by the caregiver and occurring
during critical life stages, leads to toxic stress, disrupting the
body’s balance through biological embedding and negatively
impacting psychological resilience (24-26).

An important finding in our study is the increased
frequency of alcohol or substance use problems within the
family. Although the unadjusted trend analysis suggested
an increase in alcohol or substance use problems within the
family over time, this association was no longer significant
after adjustment for gender and employment status.
Therefore, the observed increase should be interpreted
cautiously. Substance use within the family not only poses a
direct risk of neglect and abuse for children but also creates
multifaceted negative effects through insecure family
environments, economic difficulties, and psychological stress
(27). The literature has shown a strong association between
substance use within the family and childhood traumas
(27,28).

The higher frequency of physical abuse among male
students in our study is consistent with previous research.
It is reported that in some cultures, male children are more
often subjected to physical punishment for disciplinary
purposes (29,30). In contrast, the higher frequency of
emotional neglect among female students may be related
to gender roles and family expectations (31). However, these
differences need to be evaluated within a cultural context.

It is noteworthy that students who work during their
university education have a higher ACE load. ACE exposure
is associated with economic vulnerability, difficulties in
educational processes, and reduced quality of life (1,32).
Therefore, the higher ACE rates observed among working
students suggest that childhood disadvantages persist into
young adulthood.

The toxic stress model currently explains the long-term
effects of ACEs. Individuals exposed to continuous traumatic
experiences during childhood may develop permanent
changesin their neuroendocrine and immunological systems;
this can increase their susceptibility to mental and physical
illnesses in adulthood (4-7). Recent studies on neurocognitive
functions also show that ACEs negatively affect cognitive
development in children and adolescents (8-10).

Recent neurodevelopmental research has provided more
specific biological explanations for these associations (33-
35). Exposure to chronic childhood adversity has been linked
to alterations in the connectivity between the prefrontal

cortex and the amygdala (34). These neural circuits play a
central role in emotional regulation, threat detection, and
executive functioning. Dysregulation of these networks
may contribute to increased emotional reactivity, impaired
impulse control, and vulnerability to anxiety and depressive
disorders (33). In addition, accumulating evidence suggests
that adverse childhood experiences can influence epigenetic
regulation of stress-response systems, including genes
involved in the hypothalamic-pituitary-adrenal axis (33,34).
These biological changes may be particularly relevant during
late adolescence, a developmental period characterized by
ongoing maturation of higher-order cognitive and emotional
regulatory systems (35).

The period of starting university is a critical life stage
during which the effects of experiences from childhood
and adolescence become visible in academic, social, and
psychological domains (14). It is reported that ACEs are
strongly associated with depression, anxiety, stress, and
lower life satisfaction in first-year students, and therefore
this period is a stage where the effects of ACEs become more
pronounced in mental health (16). Therefore, evaluating
changes in ACE burden in newly enrolled university students
is important for assessing the current state of childhood
trauma in society.

The results of our study contain important messages for
child protection policies. Current public health approaches
recommended by the CDCand the World Health Organization
show that parent support programs, economic empowerment
policies, safe school environments, and trauma-informed
health services are effective in preventing ACEs (36).
Conducting ACE screenings in psychological counseling
services for university students and supporting high-risk
individuals early on may be beneficial. Interventions at this
stage can be critical for preventing the transfer of chronic
stress to later ages, as late adolescents can receive long-term
support in university settings before entering the workforce,
i.e., before additional stressors are added.

Study Limitations

This study has some limitations. Collecting data through
self-report may introduce recall bias. Also, since the research
was conducted only within the university population, the
generalizability of the results to the entire youth population
is limited. However, the fact that data were collected using
similar methods each year is a significant strength of the
study for evaluating trends.

Although participants were recruited from different
regions of Tirkiye, the use of an online convenience
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sampling method limits the representativeness of the
sample. Therefore, the findings may not be generalizable to
all first-year university students in Turkiye.

Conclusion

In conclusion, this study demonstrates the prevalence of
ACEs among newly enrolled university students in Turkey,
with an upward trend in some ACE indicators. High ACE
burdens, increased rates of sexual abuse, and increased
frequency of alcohol or substance use problems in the
family are particularly noteworthy from a child health and
public health perspective. Conducting ACE screenings in
psychological counseling services for first-year university
students in late adolescence and providing early support to
high-risk individuals could be beneficial. Interventions during
this period may be critical in preventing the transmission of
chronic stress into later life.

Ethics

Ethics Committee Approval: Ethical approval for the
study was obtained from the istanbul Medipol University
Clinical Research Ethics Committee (decision no: E-10840098-
772.02-7504, date: 29.11.2023).

Data Availability Statement: The data that support
the findings of this study are available on request from the
corresponding author. The data are not publicly available
due to privacy or ethical restrictions.

Acknowledgements: We sincerely thank all students who
participated in this study.

Footnotes

Conflict of Interest: No conflict of interest was declared
by the authors.

Financial Disclosure: The authors declared that this
study received no financial support.

References

1. Centers for disease control and prevention. about adverse
childhood experiences (ACEs). Atlanta: CDC; 2026. Available from:
https://www.cdc.gov/aces/about/index.html

2. Fujiwara T. Impact of adverse childhood experience on physical
and mental health: a life-course epidemiology perspective.
Psychiatry Clin Neurosci. 2022;76:544-51.

3. Metzler M, Merrick MT, Klevens |, Ports KA, Ford DC. Adverse
childhood experiences and life opportunities: Shifting the
narrative. Child Youth Serv Rev. 2017;72:141-9.

4. Wakuta M, Nishimura T, Osuka Y, Tsukui N, Takahashi M,
Adachi M, et al. Adverse childhood experiences: impacts on

J Curr Pediatr 2026;24(2):126-135

10.

13.

14.

16.

17.

18.

adult mental health and social withdrawal. Front Public Health.
2023;11:1277766.

Danielsdottir HB, Aspelund T, Shen Q, Halldorsdottir T, Jakobsdottir
J, Song H, et al. Adverse childhood experiences and adult mental
health outcomes. JAMA Psychiatry. 2024;81:586-94.

Yu J, Haynie DL, Gilman SE. Patterns of Adverse childhood
experiences and neurocognitive development. JAMA Pediatr.
2024;178:678-87.

Berens AE, Jensen SKG, Nelson C. Biological embedding of
childhood adversity: from physiological mechanisms to clinical
implications. BMC Medicine. 2017;15.

Hughes K, Bellis MA, Hardcastle KA, Sethi D, Butchart A, Mikton
C, et al. The effect of multiple adverse childhood experiences
on health: a systematic review and meta-analysis. Lancet Public
Health. 2017;2:356-66.

Bellis M, Hughes K, Ford K, Rodriguez RG, Sethi D, Passmore ].
Life course health consequences and associated annual costs of
adverse childhood experiences across Europe and North America:
a systematic review and meta-analysis. The Lancet. PublicHealth.
2019;4:517-28.

Kumar S, Campbell JA, Wang X, Xu Y, Nagavally S, Egede LE.
Trends in prevalence of adverse childhood experiences by
sociodemographic factors in the United States: behavioral
risk factor surveillance system 2009-2022. BMC Public Health.
2024:24:2615.

Madigan S, Thiemann R, Deneault AA, Fearon RMP, Racine N,
Park J, et al. Prevalence of adverse childhood experiences in child
population samples: a systematic review and meta-analysis. JAMA
Pediatr. 2025;179:19-33.

Sezgin E. The mediating effect of mindfulness on adverse
childhood experiences and psychological resilience in Turkish
female university students. Frontiers in Psychology. 2025;16.

Buyukcebeci A. The effects of adverse childhood experiences
on subjective happiness: the serial mediation role of regulatory
emotional self-efficacy and future anxiety. BMC Psychology.
2025;13.

Hertz M, Heim Viox M, Massetti GM, Anderson KN, Bacon S,
Fordyce E, et al. Adverse childhood experiences among US
adolescents over the course of the COVID-19 pandemic. Pediatrics.
2023;151:€2022060799.

Bhattarai A, King N, Adhikari K, Dimitropoulos G, Devoe D, Byun
J, et al. Childhood adversity and mental health outcomes among
university students: a longitudinal study. Canadian Journal of
Psychiatry. Revue Canadienne de Psychiatrie. 2022;68:510-20.

Trinh HH, Nguyen TT, Nguyen TQ, Ngo NT, Nguyen ST, Nguyen CV,
et al. Impacts of adverse childhood experiences on mental health
and satisfaction with life in first-year college students: results
from a cross-sectional study in Vietnam. Psychiatry Investigation.
2025;22:939-48.

Bartolomé-Valenzuela M, Pereda N, Guilera G. Patterns of
adverse childhood experiences and associations with lower
mental well-being among university students. Child Abuse Negl.
2024;152:106770.

Ulukol B, Kahilogullari AK, Sethi D. Tiirkiye’de Universite
ogrencilerinde  ¢ocukluk ¢agi olumsuz yasam deneyimleri
arastirmasi calisma raporu-2013. Diinya Saghk Orgiitii Avrupa
Bolge Ofisi. 2014.



135

Tiire et al. Trends in Adverse Childhood Experiences

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Gundiiz A, Yasar AB, Giindogmus I, Konuk E. Adverse childhood
events Turkish form: validity and reliability study. Anatolian
Journal of Psychiatry. 2018;19:68-75.

Kog¢ M, Kogtlirk N, Zencir T. Prevalence of the child sexual abuse in
Turkey: a scoping review. Toplum ve Sosyal Hizmet. 2023;34:209-
26.

Marcos V, Farifia F, Isorna M, Lopez-Roel S, Rolan K. Problematic
use of the internet and cybervictimization: an empirical study
with Spanish adolescents. Behav Sci (Basel). 2025;15:810.

Habib G, Urfan Ullah M, Khanum T, Khan A. Role of media in
coverage and reporting of child abuse cases. Journal of World
Science. 2023;2:529-40.

Abdullah A, Thattengat R. Child neglect as a culture-based concept:
a systematic review and implications for studying and measuring
child neglect. Child Abuse Negl. 2025;161:107261.

Fis NP, Berkem M. Norotransmitter sistemlerinin gelisimi ve
psikopatolojiye yansimalari. Klinik Psikofarmakoloji Biilteni.
2019;19:312-21.

Johnson SB, Riley AW, Granger DA, Riis J. The science of early
life toxic stress for pediatric practice and advocacy. Pediatrics.
2013;131:319-27.

Bick J, Nelson CA. Early adverse experiences and the developing
brain. Neuropsychopharmacology. 2016;41:177-96.

Dube S, Anda RF, Felitti V, Croft |, Edwards V, Giles W. Growing
up with parental alcohol abuse: exposure to childhood abuse,
neglect, and household dysfunction. Child abuse & neglect.
2001;25:1627-40.

Haugland SH, Carvalho B, Strandheim A, Stea TH. Parental
alcohol intoxication, adverse childhood experiences, and negative
psychological reactions to childhood adversities: cross-sectional
and prospective data from the population-based HUNT study. |
Child Adolesc Trauma. 2024;17:1225-37.

29.

30.

31

32.

33.

34.

35.

36.

Lansford JE, Alampay LP, Al-Hassan S, Bacchini D, Bombi AS,
Bornstein MH, et al. Corporal punishment of children in nine
countries as a function of child gender and parent gender. Int |
Pediatr. 2010;2010:672780.

Heekes S, Kruger (B, Lester S, Ward C. A systematic review of
corporal punishment in schools: global prevalence and correlates.
Trauma Violence Abuse. 2020;23:52-72.

Moody G, Cannings-John R, Hood K, Kemp A, Robling M.
Establishing the international prevalence of self-reported child
maltreatment: a systematic review by maltreatment type and
gender. BMC Public Health. 2018;18.

Hardcastle K, Bellis M, Ford K, Hughes K, Garner ], Rodriguez
G. Measuring the relationships between adverse childhood
experiences and educational and employment success in England
and Wales: findings from a retrospective study. Public Health.
2018;165:106-16.

Gerin MI, Viding E, Herringa RJ, Russell JD, McCrory EJ. A systematic
review of childhood maltreatment and resting state functional
connectivity. Dev Cogn Neurosci. 2023;64:101322.

Goodpaster CM, Christensen (R, Alturki MB, DeNardo LA.
Prefrontal cortex development and its implications in mental
iliness. Neuropsychopharmacology. 2026;51:114-28.

Meredith W], Silvers JA. Experience-dependent neurodevelopment
of self-regulation in adolescence. Dev Cogn Neurosci.
2024;66:101356.

(DC. A Public Health Approach to adverse childhood experiences.
2024. Available from: https://www.cdc.gov/aces/php/public-
health-strategy/index.html

J Curr Pediatr 2026;24(2):126-135


https://www.cdc.gov/aces/php/public-health-strategy/index.html
https://www.cdc.gov/aces/php/public-health-strategy/index.html

Guncel Pediatri

0ZGUN ARASTIRMA

Evaluation of Complete Blood Count Parameters and
Hematological Inflammatory Indices at Diagnosis in Childhood
Nephrotic Syndrome

Cocukluk Cagi Nefrotik Sendromunda Tani Anindaki Tam Kan Sayimi
Parametreleri ve Hematolojik Enflamatuvar Indekslerin Degerlendirilmesi
*Okan Akaci (0000-0002-2148-1160), **Muharrem Bostanci (0000-0002-1692-7447), ***Siimeyra irem Duran (0009-0007-9207-7038)

The Journal of Current Pediatrics

ORIGINAL ARTICLE

*University of Health Sciences Tiirkiye Bursa Yiiksek Ihtisas Training and Research Hospital, Department of Pediatrics, Division of Pediatric Nephrology Unit,
Bursa, Tiirkiye

**University of Health Sciences Tiirkiye Bursa Yiiksek ihtisas Training and Research Hospital, Department of Pediatrics, Bursa, Tiirkiye

***Bursa Uludag University Faculty of Medicine, Department of Pediatric Metabolism, Bursa, Tiirkiye

Cite this article as: Akaci O, Bostanci M, Duran. Duran Si. Evaluation of complete blood count parameters and hematological inflammatory
indices at diagnosis in childhood nephrotic syndrome. ] Curr Pediatr. 2026;24(2):136-144

Keywords

Nephrotic syndrome, child, complete blood
count, mean platelet voliime, platelet-
to-lymphocyte ratio, systemic immune-
inflammation index

Anahtar kelimeler

Nefrotik sendrom, cocuk, tam kan sayimi,
ortalama trombosit hacmi, trombosit-
lenfosit orani, sistemik immiin-enflamasyon
indeksi

Received/Gelis Tarihi : 01.07.2026
Accepted/Kabul Tarihi  : 23.07.2026
Published Date/

Yayinlanma Tarihi : 04.08.2026

DOI:10.4274/jcp.2026.80008

Address for Correspondence/Yazisma Adresi:
Okan Akaci, University of Health Sciences
Tiirkiye Bursa Yiiksek ihtisas Training and
Research Hospital, Department of Pediatrics,
Division of Pediatric Nephrology Unit, Bursa,
Turkiye

E-mail: okanakaci@gmail.com

136

Copyright© 2026 The Author(s). Published by Galenos Publishing House on behalf of Bursa Uludag University, Department of Pediatrics.
This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.

Abstract

Introduction: Nephrotic syndrome is associated with immine inflammatory
activation and alterations in platelet-related parameters. This study aimed to
compare complete blood count parameters, platelet/mean platelet volime
related indicators, and hematological inflammatory indices between children with
nephrotic syndrome and healthy controls, and to evaluate their relationship with
steroid response and relapse frequency.

Materials and Methods: This retrospective case-control study included 72 children
with nephrotic syndrome and 40 healthy controls. Laboratory data obtained at the
time of diagnosis, before steroid treatment, were analyzed. Complete blood count
parameters, platelet/mean platelet volime related indicators, and hematological
inflammatory indices, including neutrophil-to-lymphocyte ratio, platelet-to-
lymphocyte ratio, monocyte-to-lymphocyte ratio, systemic immiine inflammation
index, and systemic inflammatory response index, were evaluated. Patients with
nephrotic syndrome were further classified as steroid sensitive or steroid resistant.
Steroid sensitive patients were also compared according to relapse frequency.
Results: Hemoglobin, white blood cell count, absolute neutrophil count, red cell
distribution width, and platelet count were significantly higher in the nephrotic
syndrome group than in the control group, whereas mean platelet volume was
significantly lower. Neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte
ratio, and systemic immiine inflammation index were also significantly higher in
the nephrotic syndrome group. No significant differences were found between
steroidsensitive and steroid resistant nephrotic syndrome groups in complete blood
count parameters, platelet/mean platelet voliime related indicators, hematological
inflammatory indices, or biochemical parameters. Among steroid sensitive patients,
platelet count, platelet-to-lymphocyte ratio, and systemic immiine inflammation
index were significantly higher in the frequent relapse group than in the infrequent
relapse group. Correlation analyses showed limited associations, mainly between
platelet count and albumin or total cholesterol levels.

Conclusion: Complete blood count derived indices may provide practical supportive
information regarding inflammatory and platelet related alterations in children
with nephrotic syndrome. Platelet count, mean platelet volume, platelet-to-
lymphocyte ratio, and systemic immiine inflammation index differed particularly in

J Curr Pediatr 2026;24(2):136-144



Akaci et al. CBC Indices in Nephrotic Syndrome 137

patient control comparisons. At the same time, platelet related indices were also higher among steroid sensitive patients with frequent
relapses. These parameters should be interpreted as complementary indicators rather than standalone diagnostic or prognostic
markers.

0z

Giris: Nefrotik sendrom, immiin inflamatuar aktivasyon ve trombositle ilgili parametrelerdeki degisikliklerle iliskilidir. Bu ¢calismanin
amaci, nefrotik sendromlu cocuklar ile saglikli kontrol grubu arasinda tam kan sayimi parametrelerini, trombosit/ortalama trombosit
hacmi ile ilgili gostergeleri ve hematolojik inflamatuar indeksleri karsilastirmak ve bunlarin steroid yaniti ve niiks sikligi ile iliskisini
degerlendirmektir.

Gereg ve Yontem: Bu retrospektif vaka-kontrol calismasina nefrotik sendromlu 72 cocuk ve 40 saglikli kontrol katilimcisi dahil
edildi. Tani aninda steroid tedavisi oncesinde elde edilen laboratuvar verileri analiz edildi. Tam kan sayimi parametreleri, trombosit/
ortalama trombosit hacmi ile ilgili gostergeler ve notrofil-lenfosit orani, trombosit-lenfosit orani, monosit-lenfosit orani, sistemik
immiin inflamasyon indeksi ve sistemik inflamatuar yanit indeksi dahil olmak tizere hematolojik inflamatuar indeksler degerlendirildi.
Nefrotik sendromlu hastalar ayrica steroid duyarl veya steroid direncli olarak siniflandirildi. Steroid duyarli hastalar ayrica niiks
sikligina gore karsilastirildi.

Bulgular: Hemoglobin, l6kosit sayisi, mutlak nétrofil sayisi, kirmizi kan hiicresi dagilim genisligi ve trombosit sayisi nefrotik sendrom
grubunda kontrol grubuna kiyasla istatistiksel olarak anlamli derecede yiiksekken, ortalama trombosit hacmi ise istatistiksel olarak
anlamliderecede distikti. Notrofil-lenfosit orani, trombosit-lenfosit orani ve sistemik immiin inflamasyon indeksi de nefrotik sendrom
grubunda istatistiksel olarak anlamli derecede yiiksekti. Steroid duyarli ve steroid direncli nefrotik sendrom gruplari arasinda tam kan
sayimi parametreleri, trombosit/ortalama trombosit hacmi ile ilgili gostergeler, hematolojik inflamasyon indeksleri veya biyokimyasal
parametreler acisindan anlamli bir fark saptanmadi. Steroid duyarl hastalar arasinda sik niiks eden grupta trombosit sayisi, trombosit-
lenfosit orani ve sistemik immiin inflamasyon indeksi, seyrek niiks eden gruba kiyasla anlamli derecede daha yiiksekti. Korelasyon
analizleri esas olarak trombosit sayisi ile albtimin veya toplam kolesterol diizeyleri arasinda sinirli iliskiler oldugunu gosterdi.
Sonu¢: Tam kan sayimindan elde edilen indeksler, nefrotik sendromlu cocuklarda inflamatuar ve trombositle ilgili degisiklikler
konusunda pratik ve destekleyici bilgiler saglayabilir. Trombosit sayisi, ortalama trombosit hacmi, trombosit-lenfosit orani ve sistemik
immin inflamasyon indeksi, ozellikle hasta-kontrol karsilastirmalarinda farklilik gostermistir. Ayni zamanda, trombositle ilgili
indeksler, sik niiks goriilen steroid duyarl hastalarda da daha yiiksek bulunmustur. Bu parametreler, tek basina tani veya prognostik
belirtecler olarak degil tamamlayici gostergeler olarak yorumlanmalidir.

Introduction

Nephrotic syndrome is one of the most common
glomerular diseases of childhood and is characterized by
nephrotic-level proteinuria, hypoalbuminemia, edema, and,
frequently, hyperlipidemia (1,2). In idiopathic nephrotic
syndrome of childhood, the majority of cases are steroid-
responsive, and this clinical presentation is most often
associated with minimal change disease. In contrast,
steroid-resistant nephrotic syndrome is less common. Focal
segmental glomerulosclerosis is more commonly detected
in this group, and steroid resistance is an important clinical
indicator for long-term renal prognosis (3). It is believed that
abnormalities in T- and B-cell responses, cytokine-mediated
mechanisms, and structural and functional changes in the
glomerular filtration barrier contribute to the pathogenesis
of the disease. Therefore, immune and inflammatory
processes are closely associated with the development and
clinical course of childhood nephrotic syndrome (1,4,5).
This interaction between inflammation and hemostasis
has heightened interest in platelet parameters in nephrotic
syndrome. Indeed, an increased risk of thromboembolism

has been identified in nephrotic syndrome, and this risk
is associated with multiple mechanisms, including loss
of anticoagulant factors, increased procoagulant factors,
hemoconcentration, and altered platelet activation (6).

Complete blood count parameters and the hematological
inflammatory indices derived from these parameters are
considered practical auxiliary indicators that may reflect
systemic inflammation, given their ease of access and low
cost (7). Mean platelet volume is a parameter that reflects
platelet size and is considered to be associated with
platelet activation. Red blood cell distribution width, on
the other hand, has been linked to anisocytosis, systemic
inflammation, and oxidative stress (7,8). Similarly, indices
derived from a complete blood count such as the neutrophil-
to-lymphocyte ratio (NLR), the platelet-to-lymphocyte ratio
(PLR), and the systemic immune-inflammation index (SII)
are also considered as auxiliary markers that may reflect
inflammatory processes. (9).

Studies have evaluated platelet indices and inflammatory
markers derived from complete blood counts in childhood
nephrotic syndrome. However, the findings reported in these
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studies vary across different centers and patient groups
(5,6,9-12). This study aimed to compare complete blood
count parameters and hematological inflammatory indices
at the time of diagnosis in patients followed at our clinic for
nephrotic syndrome with those of a control group.

Materials and Methods

This study was conducted among pediatric patients
diagnosed with nephrotic syndrome and followed up at the
Pediatric Nephrology Clinic of Bursa Yiiksek ihtisas Training
and Research Hospital between 2016 and 2024. All patients
with childhood nephrotic syndrome identified in the clinic
records during the study period who had complete blood
count data available at diagnosis were included, and no
eligible patient was excluded. All laboratory parameters
were obtained from blood samples collected at the patients’
initial admission, before the initiation of any treatment,
including corticosteroids, albumin infusion, or diuretic
therapy. The control group consisted of cases evaluated
during routine well-child examinations. When selecting
control cases, care was taken to ensure they had no history
of active infection, chronic disease, regular medication use,
kidney disease, or hematological disease. Cases with missing
baseline laboratory data or laboratory measurements taken
at times other than the time of diagnosis were excluded from
the study. Nephrotic-range proteinuria was defined as 24-
hour urinary protein excretion >1,000 mg/m?/day (=40 mg/
m2/h). Complete remission was defined as negative or trace
proteinuria on urine dipstick for three consecutive days.
SSNS was defined as complete remission within four weeks
of standard-dose corticosteroid treatment, whereas SRNS was
defined as failure to achieve complete remission within four
weeks (2,3).

Data Collection

Data were obtained retrospectively by reviewing patient
records and the hospital information system. For each case,
age, sex, and study group were recorded. In patients with
nephrotic syndrome, the age at diagnosis, response to steroid
therapy, and disease subtype were also assessed. At the time
of diagnosis, the following complete blood count parameters
were recorded: hemoglobin (Hb), white blood cell count
(WBC), absolute neutrophil count (ANC), absolute lymphocyte
count (ALC), platelet count (PLT), mean corpuscular volume
(MCV), red blood cell distribution width (RDW), and mean
platelet volume (MPV). Since monocyte counts were present
only in the nephrotic syndrome group, the monocyte-to-
lymphocyte ratio (MLR) and the systemic inflammatory
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response index (SIRI) were not included in the case-control
comparison. In patients with nephrotic syndrome, serum
albumin, creatinine, blood urea nitrogen (BUN), total
protein, sodium, potassium, total cholesterol, triglycerides,
low-density lipoprotein cholesterol (LDL), high-density
lipoprotein cholesterol (HDL), very low-density lipoprotein
cholesterol (VLDL), erythrocyte sedimentation rate (ESR),
and 24-hour urinary protein excretion were recorded.
Hematological inflammatory indices were calculated using
complete blood count components. In this context, NLR, PLR,
MLR, SII, and SIRI were evaluated. SIl was calculated using
the formula PLT x ANC/ ALC, while SIRI was calculated using
the formula ANC x monocyte count / ALC. The platelet-to-
MPV ratio was also calculated as a platelet- and MPV related
indicator.

Statistical Analysis

The study size was determined by the number of eligible
patients available in the clinic records during the study
period. Therefore, no a priori sample size calculation was
performed. Statistical analysis of the data was performed
using SPSS. The normality of continuous variables was
assessed using the Shapiro-Wilk test. Variables that followed
a normal distribution were presented as mean + standard
deviation, while those that did not follow a normal
distribution were presented as median and interquartile
range (IQR). Categorical variables were expressed as counts
and percentages. The main comparison in the study was
made between the nephrotic syndrome group and the
healthy control group. In secondary analyses, the SSNS and
SRNS groups were compared. Within the SSNS subgroup,
patients with frequent and infrequent relapses were
evaluated separately.

For comparisons between the two groups, the Student’s
t-test was used for continuous variables that followed a
normal distribution, and the Mann-Whitney U test was
used for continuous variables that did not follow a normal
distribution. For comparisons of categorical variables, the
chi-square test was used, or Fisher’s exact test was used when
the expected cell counts were insufficient. In the correlation
analyses, the Pearson or Spearman correlation coefficient
was calculated based on the variables’ distributional
characteristics. Effect sizes were calculated as Hedges g for
comparisons performed using the independent-samples
t-test, r for Mann-Whitney U tests, and the Phi coefficient
for 2 x 2 categorical comparisons. A p-value of <0.05 was
considered statistically significant.
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Ethics Committee Approval

Approval for this study was obtained from the Ethics
Committee of Bursa Specialized Training and Research
Hospital (No. 2011-KAEK-25-2020/10-04, date: 23.11.2011).
Due to the retrospective design, data were obtained from
patient charts and hospital records. All patient data were
anonymized prior to analysis. The study was conducted
in accordance with the principles of the Declaration of
Helsinki.

Results

A total of 112 children were included in the study. Of
these, 72 were in the nephrotic syndrome group, and 40 were
in the control group. When the nephrotic syndrome group
was evaluated based on steroid response, 57 patients were
classified as SSNS and 15 as SRNS. In the SSNS group, based
on relapse frequency, 25 patients were classified as frequent
relapsers and 32 as infrequent relapsers.

Demographic Characteristics

The mean age in the nephrotic syndrome group was 11.12
+ 4.05 years, and in the control group, 9.37 * 3.62 years.
There was a statistically significant difference in age between
the groups (p=0.025). The gender distribution was 25 girls
and 47 boys in the nephrotic syndrome group and 14 girls
and 26 boys in the control group. There was no significant
difference in gender distribution between the groups. The
median age at diagnosis in the nephrotic syndrome group
was 4.00 (3.00-6.00) years. Demographic characteristics are
presented in Table 1.

Comparison of Complete Blood Count Parameters

A comparison of complete blood count parameters
between the nephrotic syndrome group and the control
group is presented in Table 2. The between-group effect was
moderate for hemoglobin (r = 0.36), small for WBC, ANC, and
RDW (r = 0.25-0.28), and large for platelet count and MPV
(Hedges' g = 1.12 and -0.92, respectively).

Table 1. Demographic characteristics of the study groups

Nephrotic syndrome vs control

Variable Nephrotic syndrome (n=72) Control (n=40) p
Age (years) 11.12 £ 4.05 9.37 £3.62 0.025
Sex, Female/Male (n) 25/47 14 /26 0.976
Age at diagnosis (years) 4.00 (3.00-6.00)

SSNS and SRNS subgroups

Variable SSNS (n=57) SRNS (n=15) p
Age (vears) 11.0344.09 11.47 + 4.05 0.713
Sex, Female/Male (n) 23/34 2/13 0.069

Data are presented as mean * standard deviation, median (interquartile range), or number. SSNS: steroid-sensitive nephrotic syndrome; SRNS: steroid-resistant nephrotic syndrome

Table 2. Complete blood count parameters in the nephrotic syndrome and control groups

Variable Nephrotic syndrome Control p
Hemoglobin (g/dL) 13.30 (11.95-14.05) 12.0 (11.02-12.97) <0.001
WBC (mm?) 10100 (7710-13125) 8400 (7020-9915) 0.003
Neutrophil (mm?) 5600 (3890-7790) 4230 (2580-5145) 0.008
Lymphocyte (mm?3) 3060 (2425-4375) 3082 (2362-4395) 0.949
Platelet (mm?3) 408704 + 123927 281712 + 89493 <0.001
MCV (fL) 78.57 £5.15 77.48 £ 4.37 0.262
RDW (%) 14.00 (13.30-14.80) 13.43 (12.61-13.98) 0.005
MPV (fL) 8.37 £ 1.14 9.36 £ 0.93 <0.001
Platelet/MPV ratio 46188 (39892-58918) 26820 (22868-36448) <0.001

Data are presented as mean + standard deviation or median (interquartile range), according to distribution. WBC: white blood cell count; MCV: mean corpuscular volume; RDW:
red cell distribution width; MPV: mean platelet volume
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In the nephrotic syndrome group, hemoglobin, WBC,
ANC, RDW, and platelet count were significantly higher than
in the control group. However, MPV was significantly lower in
the nephrotic syndrome group. The p-values were as follows:
p <0.001 for hemoglobin, p = 0.003 for WBC count, p =
0.008 for ANC count, p = 0.005 for RDW, and p < 0.001 for
both platelet count and MPV. The platelet-to-MPV ratio was
also significantly higher in the nephrotic syndrome group
compared to the control group (p <0.001). The platelet-to-
MPV ratio also showed a large effect size (r = 0.60).

Hematological Inflammatory Indices

A comparison of hematological inflammatory indices
between the nephrotic syndrome and control groups is
presented in Table 3. The NLR was significantly higher in the
nephrotic syndrome group compared to the control group
(p=0.034). Similarly, PLR and Sl values were also significantly
higher in the nephrotic syndrome group (p <0.001 for both).
The effect size was small for NLR (r = 0.20) and moderate for
PLRand SII (r =0.34 and r = 0.35, respectively). Since monocyte
data were not available for the control group, MLR and SIRI
were not included in the patient-control comparison and were
reported only in the nephrotic syndrome subgroup analyses.

Comparison of the SSNS and SRNS Subgroups

The SSNS (n=57) and SRNS (n=15) groups were
compared for demographic characteristics, complete blood
count parameters, platelet- and MPV related indicators,
hematological inflammatory indices, and biochemical
parameters. There were no significant differences between
the groups in age, age at diagnosis, or gender distribution.
Hemoglobin, WBC, neutrophil, lymphocyte, monocyte, and
platelet counts, as well as MCV, RDW, and MPV values, were
similar between the two groups. No significant differences
were observed in platelet or MPV related indicators or in
hematological inflammatory indices, including NLR, PLR,
MLR, SII, and SIRI. Serum albumin, total protein, lipid profile,
creatinine, and other biochemical parameters were similar
between the groups (Table 4). The corresponding effect sizes
were predominantly negligible or small.

Comparison of Frequent Relapses in the SSNS Group

SSNS patients were compared between those with
frequent relapses (n=25) and those with infrequent relapses
(n=32). In the frequent relapse group, platelet count, PLR,
and Sl values were significantly higher. The effect size was
moderate for platelet count and SIl (Hedges' g = 0.56 and r
= 0.30, respectively) and large for PLR (Hedges' g = 0.83). No
significant differences were observed between the groups in
terms of other complete blood count parameters, MPV, NLR,
MLR, SIRI, MPV/platelet ratio, and the evaluated biochemical
parameters (Table 5).

Correlation Analyses

In the nephrotic syndrome group, the relationships
between hematological markers and disease parameters
were evaluated using Spearman’s correlation analysis. A
significant negative correlation was found between platelet
count and serum albumin (rho = -0.36; p = 0.002). A
significant positive correlation was found between platelet
count and total cholesterol (rho = 0.30; p = 0.012). There
was a significant positive correlation between the MPV/
platelet ratio and serum albumin (rho = 0.36; p = 0.002).
No significant correlations were found between NLR, PLR,
SI, SIRI, and MPV values and serum albumin, 24-hour
urinary protein excretion, total cholesterol, and erythrocyte
sedimentation rate (Supplementary Table 1).

Discussion

In this retrospective case-control study, hematological
changes at the time of diagnosis in childhood nephrotic
syndrome were evaluated using platelet- and MPV related
markers, as well as inflammatory indices derived from
the complete blood count. Our findings indicate that in
patients with nephrotic syndrome, platelet-related markers
particularly platelet count, PLR, and SII are higher than
in healthy controls, whereas MPV is lower. However, the
evaluated hematological and biochemical parameters
showed no significant differences between the SSNS and
SRNS subgroups.

Table 3. Hematological inflammatory indices in the nephrotic syndrome and control groups

Variable Nephrotic syndrome Control p

NLR 1.96 (0.91-3.26) 1.29 (0.80-1.93) 0.034
PLR 125 (89-181) 84 (67-109) <0.001
SHx10%/L 750.2 (310.5-1318.3) 355.2 (187.0-541.6) <0.001

Data are presented as median (interquartile range). NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; SII: systemic immune-inflammation index
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The higher platelet count, PLR, and SII observed in
frequent relapsers within the SSNS group may represent a
preliminary pattern; however, given the small subgroup
size, this finding requires confirmation in larger prospective
studies. In correlation analyses, however, the fact that only
certain platelet-based parameters show a limited association
with albumin and lipid profiles suggests that these indicators
should not be considered, on their own, as strong markers of
disease activity or severity.

It has long been recognized that nephrotic syndrome is
associated with immune-mediated mechanisms, particularly
within the spectrum of steroid-responsive and minimal
change disease. Impaired podocyte integrity, abnormalities
in T- and B-cell responses, circulating permeability factors,
and anti-nephrin autoantibodies which have been identified
in recent years are among the primary mechanisms involved
in this pathogenesis (13). Studies have shown that childhood
nephrotic syndrome is associated with changes in the CD4/

Table 4. Comparison of demographic, hematological, inflammatory, and biochemical parameters between the SSNS

and SRNS subgroups

Variable | SSNS (n=57) | SRNS (n=15) p
Demographic

Age (years) 11.03 £ 4.09 11.47 £4.05 0.713
Age at diagnosis (years) 4.00 (3.00-6.00) 3.50 (2.50-4.50) 0.345
Complete blood count

Hemoglobin (g/dL) 13.15 (12.23-14.03) 134 (11.4-13.9) 0.882
WBC (mm?) 10100 (7780-13088) 10600 (7655-13105) 0.794
Neutrophil (mm?) 5600 (3930-7890) 5570 (3102-6830) 0.983
Lymphocyte (mm?) 2835 (2408-4400) 3240 (2730-3905) 0.632
Monocyte (mm?) 530 (408-792) 630 (415-770) 0.905
Platelet (mm?3) 409071 + 128228 407333 = 110414 0.962
MCV (fL) 78.38 £ 5.35 79.27 £ 4.41 0.557
RDW (%) 14.00 (13.38-14.80) 13.70 (13.15-14.40) 0.356
MPV (fL) 8.34 £1.10 8.50 + 1.32 0.627
Platelet/MPV related

Platelet/MPV ratio | 48000 (39950-61666) | 45567 (39716-51772) 0.529
Inflammatory indices

NLR 2.04 (0.98-3.32) 1.61(0.83-2.38) 0.451
PLR 126 (88-180) 114 (95-180) 0.784
MLR 0.19 (0.13-0.27) 0.16 (0.12-0.20) 0.490
SIFx10°/L 766.5 (385.6-1272.3) 532.5(279.7-1215.6) 0.730
SIRIX10°/L 1072 (485-1785) 899 (421-2592) 0.719
Biochemical

Albumin (g/dL) 1.80 (1.50-2.32) 2.00 (1.57-2.05) 0.632
Total protein (g/dL) 4.49 +0.97 4.75 + 0.69 0.339
Total cholesterol (mg/dL) 352 + 127 356 + 93 0.919
Triglyceride (mg/dL) 179 (134-243) 168 (132-309) 0.510
LDL (mg/dL) 213 (166-307) 235 (139-342) 0.707
HDL (mg/dL) 65.8 (52.5-87.5) 79.5 (53.3-91.7) 0.769
VLDL (mg/dL) 38.00 (27.40-49.75) 33.7 (25.02-53.75) 0.559
Creatinine (mg/dL) 0.39 (0.28-0.51) 039 (0.35-0.51) 0.464

Data are presented as mean = standard deviation or median (interquartile range), according to distribution. WBC: white blood cell count; MCV: mean corpuscular volume; RDW:
red cell distribution width; MPV: mean platelet volume; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; SII: systemic
immune-inflammation index; SIRI: systemic inflammatory response index; SSNS: steroid-sensitive nephrotic syndrome; SRNS: steroid-resistant nephrotic syndrome
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within the SSNS group

Table 5. Comparison of hematological, inflammatory, and biochemical parameters according to relapse frequency

Variable Frequent relapse (n=25) Infrequent relapse (n=32) p

Hemoglobin (g/dL) 13.5(12.7-14.2) 13.0 (11.8-13.9) 0.167
WBC (mm?) 10085 (7780-13012) 10100 (7838-13268) 0.947
Neutrophil (mm?) 6000 (4330-8202) 4975 (3895-7722) 0.389
Lymphocyte (mm?) 2630 (2272-3685) 3315 (2500-4772) 0.070
Platelet (mm?3) 449542 + 137562 378719 = 113637 0.040
MPV (fL) 8.41£1.07 8.28 +1.14 0.674
RDW (%) 14.00 (13.70-14.38) 14.00 (13.17-15.12) 0.974
NLR 2.41(1.19-3.98) 1.90 (0.93-2.44) 0.081
PLR 186 = 106 117 £ 60 0.003
SIx10°/L 1259.5 + 868.6 1169.6 (423.5-1858.1) 0.025
SIRIx10°/L 1345 (703-1861) 939 (468-1657) 0.271
MLR 0.20 (0.14-0.27) 0.17 (0.12-0.26) 0.436
MPV/Platelet (x10°) 0.02 (0.02-0.02) 0.02 (0.02-0.03) 0.156
Albumin (g/dL) 1.88 + 0.54 1.96 + 0.59 0.631
Cholesterol (mg/dL) 391 £120 324 £ 125 0.051
24-hour protein (mg/day) 1180 (625-3056) 1049 (792-1930) 0.813

SIRI: systemic inflammatory response index; SSNS: steroid-sensitive nephrotic syndrome

Data are presented as mean = standard deviation or median (interquartile range), according to distribution. WBC: white blood cell count; RDW: red cell distribution width; MPV:
mean platelet volume; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; SII: systemic immune-inflammation index;

(D8 ratio, CD19+ B lymphocytes, and natural killer (NK)
cells, supporting the notion that the disease develops against
a background of immune dysregulation (5, 14). For this
reason, inflammation indices derived from peripheral blood
cells have become a focus of interest in nephrotic syndrome.
NLR, PLR, MLR, SII, and SIRI provide indirect information
about the systemic inflammatory response. These indices
do not require additional testing and are easily calculated
from a complete blood count. Their low cost has led to
their widespread use in research on various inflammatory
diseases.

Inour study, NLR, PLR, and SII were higher in the nephrotic
syndrome group than in the control group. However, in
the absence of CRP data and a case-control comparison
of ESR, these indices cannot be interpreted as reflecting
inflammation alone. They may represent overlapping
processes, including inflammation, hemoconcentration, and
hematological changes associated with hypoalbuminemia and
hyperlipidemia. This finding is consistent with observations
reporting increased leukocyte and neutrophil counts in
children with nephrotic syndrome, as well as with studies
suggesting that NLR and PLR may be associated with relapse
or an adverse clinical course in steroid-responsive nephrotic
syndrome (9,11). However, because no monocyte data were
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available for the control group, the MLR and SIRI indices could
not be included in the case-control comparison. Therefore,
these two indices were interpreted only within the context of
subgroup analyses within the nephrotic syndrome group.

The platelet-related findings in our study are largely
consistent with the literature. Previous clinical studies
have consistently shown that platelet counts are elevated
in children with nephrotic syndrome. This finding may be
associated with platelet hyperactivity, an increased tendency
toward aggregation, and increased activation dependent
surface markers (4,6,8,15). This increase may be associated
with multifactorial mechanisms, including plasma protein
loss, hyperlipidemia, and hemoconcentration, that are
observed in nephrotic syndrome. However, the causal
relationship between platelet changes and thromboembolic
events remains unclear (6).

Our findings regarding mean platelet volume reflect
the heterogeneity in the literature. In our study, MPV was
lower in the nephrotic syndrome group. While Gulleroglu et
al. (15) reported similarly low MPV during the active phase,
Goknar et al. (4) found higher MPV in children with nephrotic
syndrome than in the control group. The fact that MPV may
increase or decrease in inflammatory conditions suggests
that this parameter may be influenced by the type and stage
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of the disease, as well as by platelet production dynamics (8).
For this reason, it is difficult to explain the low MPV findings
in our study by a single mechanism.

The marked differences in platelet count and MPV
were also reflected in the ratios derived from these two
parameters. In our study, the platelet-to-MPV ratio was
higher in the nephrotic syndrome group. Nickavar et al. (10)
reported higher platelet counts in children with steroid-
resistant nephrotic syndrome and suggested that certain
platelet indices may be associated with steroid resistance. In
contrast, our study found no significant difference in platelet
count or MPV between the SSNS and SRNS groups. This
finding may be related, in particular, to the limited number
of patients in the SRNS group. In our study, RDW was higher
in the nephrotic syndrome group. It has been reported that
RDW may have prognostic value in systemic inflammation
and various clinical conditions (7,8). However, this increase
in RDW should not be interpreted as a finding specific to
nephrotic syndrome.

No significant differences were found between the
steroid-sensitive and steroid-resistant subgroups of nephrotic
syndrome in complete blood count parameters, platelet-
and MPV related markers, and hematological inflammatory
indices. This finding indicates that these parameters do not
distinguish the steroid response phenotype in the current
patient group. However, the literature has reported that
platelet count and certain platelet indices may be associated
with steroid resistance (4,10,11).

These differences may stem from variations in subgroup
definitions, patient characteristics, and sample size. In our
study the SRNS group comprising only 15 patients limits the
statistical power of the subgroup comparisons. Therefore,
the failure to detect a difference between the SSNS and
SRNS groups should not be interpreted as indicating
that hematological indices at the time of diagnosis are
entirely inadequate for distinguishing the steroid-response
phenotype.

In our study, platelet count, PLR, and SII were higher
in patients with frequent relapses within the SSNS group.
Although this pattern is consistent with previous studies
(9,12), the limited subgroup size precludes considering it a
confirmed association with relapse tendency. This preliminary
observation should be explored in larger prospective studies.

Correlation analyses should be considered supporting
findings rather than the study’s main message. NLR, PLR,
MLR, SII, SIRI, and MPV did not show significant correlations
with albumin, 24-hour proteinuria, total cholesterol, or

erythrocyte sedimentation rate. In contrast, platelet count
was negatively correlated with albumin and positively
correlated with total cholesterol. This finding suggests that
an increase in platelet count may be associated with a
nephrotic syndrome characterized by hypoalbuminemia and
hyperlipidemia (15). However, due to the limited magnitude
of the correlation coefficients and the possibility of multiple
comparisons, these data are insufficient to draw definitive
conclusions.

Among the strengths of the study are the focus on
laboratory parameters at the time of diagnosis before
treatment and the joint evaluation of numerous indices
derived from the complete blood count within the same
patient group. The separate analysis of platelet and MPV
related indicators, combined with the examination of
clinically meaningful subgroups such as steroid-sensitive/
resistant and frequent/infrequent relapsers, lends the
findings a stronger clinical context.

Study Limitations

The main limitations of the study are its retrospective,
single-center design, limited sample size, and, in particular,
the small number of patients in the SRNS group. The lack of
monocyte data in the control group prevented the evaluation
of MLR and SIRI in a case-control comparison. CRP data were
unavailable, and ESR data were not available for the control
group; therefore, these hematological indices could not be
directly compared with conventional inflammatory markers
in the case-control analysis. Certain platelet indices, such as
PDW and plateletcrit, are also missing from the dataset. The
significant age difference between the patient and control
groups represents a potential confounding factor, particularly
because hemoglobin, WBC, and RDW may vary with age, and
this effect could not be fully controlled for because of the
retrospective design. Additionally, complete blood count
parameters can be influenced by infection, hydration status,
time of sample collection, and technical factors. Because
the study covered an eight-year period, possible changes in
hematology analyzers, reagent lots, or laboratory reference
ranges may have introduced measurement variability,
particularly for instrument-dependent parameters such as
MPV and RDW.

Conclusion

In conclusion, indices derived from a complete
blood count may provide practical information about
hematological changes in children with nephrotic syndrome,
but they should not be interpreted as specific measures of
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inflammation. Our findings indicate that platelet and MPV
related indicators, in particular, showed differences in the
patient-control comparison. However, these indices should
not be evaluated as diagnostic or prognostic markers on their
own; they should be interpreted alongside clinical findings
and standard laboratory parameters.

Ethics

Ethics Committee Approval: Approval for this study was
obtained from the Ethics Committee of Bursa Specialized
Training and Research Hospital (approval number: 2011-
KAEK-25-2020/10-04, date: 23.11.2011).

Footnotes

Conflict of Interest: No conflict of interest was declared
by the authors.

Financial Disclosure: The authors declared that this
study received no financial support.

Supplementary Table 1: https://d2v96fxpocvxx.
cloudfront.net/51ec7646-9122-48c7-a1d9-90e9cb16981b/
content-images/c14e01df-6a4b-49cf-ae09-99e5223469¢1.pdf

References

1. Floege ], Gibson KL, Vivarelli M, Liew A, Radhakrishnan J, Balk
EM, et al. Executive summary of the KDIGO 2025 clinical practice
guideline for the management of nephrotic syndrome in children.
Kidney Int. 2025;107:806-8.

2. Trautmann A, Boyer O, Hodson E, Bagga A, Gipson DS, Samuel S,
et al. IPNA clinical practice recommendations for the diagnosis
and management of children with steroid-sensitive nephrotic
syndrome. Pediatr Nephrol. 2023;38:877-919.

3. Trautmann A, Vivarelli M, Samuel S, Gipson D, Sinha A, Schaefer
F, et al. IPNA clinical practice recommendations for the diagnosis
and management of children with steroid-resistant nephrotic
syndrome. Pediatr Nephrol. 2020;35:1529-61.

4. Goknar N, Kiiciikkog M, Demir AD, Vehapoglu A, Oktem F. Cocukluk
cagi nefrotik sendromunda ortalama trombosit hacminin onemi/
the 1mportance of mean platelet volume in children with
nephrotic syndrome. dicle Tip Dergisi. 2016;43:275.

J Curr Pediatr 2026;24(2):136-144

10.

1.

12.

13.

14.

15.

Deng Y, Ou YY, Mo (J, Huang L, Qin X, Li S. Peripheral blood
lymphocyte subsets in children with nephrotic syndrome: a
retrospective analysis. BMC Nephrol. 2023;24:7.

Eneman B, Levtchenko E, van den Heuvel B, Van Geet C, Freson
K. Platelet abnormalities in nephrotic syndrome. Pediatr Nephrol.
2016;31:1267-79.

Sunkonkit K, Chai-Adisaksopha C, Natesirinilkul R, Phinyo P,
Trongtrakul K. Admission red blood cell distribution width and
mean platelet volume as predictors of mortality in the pediatric
Intensive care unit: a five-year single-center retrospective study. J
Clin Med. 2025;14:3839.

KornilukA, Koper-LenkiewiczOM, Kaminska ], Kemona H, Dymicka-
Piekarska V. Mean platelet volume (MPV): new perspectives
for an old marker in the course and prognosis of inflammatory
conditions. Mediators Inflamm. 2019;2019:9213074.

Maimaititusvn G, Jvnaiti N, Kulaixi M, Liu F. Predictive value of
early neutrophil-to-lymphocyte ratio and C-reactive protein in
pediatric steroid-sensitive nephrotic syndrome. Front Nephrol.
2025;5:1524231.

Nickavar A, Moharerpour SS, Abiry E. Predictive value of
platelet indices in children with idiopathic nephrotic syndrome.
Immunopathologia Persa. 2019;6:e04-e.

Doven SS, Kayacan H, Erdogan S, Delibas A. Nefrotik sendromlu
hastalarda trombosit indekslerinin degerlendirilmesi. Mersin
Universitesi Saglik Bilimleri Dergisi.2020;13:200-7.

Yazilitas F, Kargin Cakici E, Karakaya D, Gungor T, Celikkaya E, Bulbul
M. Evaluation of immature granulocyte percentage and count in
pediatric nephrotic syndrome. Postgrad Med. 2024;136:36-43.

Chan EY, Boyer 0. Childhood idiopathic nephrotic syndrome:
recent advancements shaping future guidelines. Pediatr Nephrol.
2025;40:2431-42.

Printza N, Papachristou F, Tzimouli V, Taparkou A, Kanakoudi-
Tsakalidou F. Peripheral CD19+ B cells are increased in children
with active steroid-sensitive nephrotic syndrome. NDT Plus.
2009;2:435-6.

Gulleroglu K, Yazar B, Sakalli H, Ozdemir H, Baskin E. Clinical

importance of mean platelet volume in children with nephrotic
syndrome. Ren Fail. 2014;36:663-5.


https://d2v96fxpocvxx.cloudfront.net/51ec7646-9122-48c7-a1d9-90e9cb16981b/content-images/c14e01df-6a4b-49cf-ae09-99e5223469c1.pdf

Guncel Pediatri

0ZGUN ARASTIRMA

The Journal of Current Pediatrics

ORIGINAL ARTICLE

Noral Tiip Defekti Olan Yenidoganlarda Tiroid Fonksiyon
Testlerinin Degerlendirilmesi: Tek Merkez Deneyimi

Evaluation of Thyroid Function Tests in Newborns with Neural Tube
Defects: A Single Center Experience

*Onur Baga (0000-0001-9308-9806), **Selen Saltan Aydin (0009-0004-5068-0785), *Ayse Oren (0000-0002-0864-4244), ***0Okan Akaci (0000-
0002-2148-1160), *Aybiike Yazici (0000-0001-9387-0029), *Gaffari Tung (0000-0001-7837-3948), ****Elif Giiler Kazanci (0000-0003-0910-

1142), *ipek Giney Varal (0000-0002-3298-066X)

*Saglik Bilimleri Universitesi, Bursa Yiiksek Ihtisas Egitim ve Arastirma Hastanesi, Cocuk Saghgi ve Hastaliklar1 Klinigi, Neonatoloji Boliimii, Bursa, Tiirkiye

**Saglik Bilimleri Universitesi, Bursa Yiiksek ihtisas Egitim ve Arastirma Hastanesi, Cocuk Sagligi ve Hastaliklari Klinigi, Bursa, Tiirkiye

**%5aslik Bilimleri Universitesi, Bursa Yiiksek Ihtisas Egitim ve Arastirma Hastanesi, Cocuk Saghgi ve Hastaliklari Klinigi, Cocuk Nefrolojisi Béliimii, Bursa,

Tiirkiye

***%Saglik Bilimleri Universitesi, Bursa Yiiksek ihtisas Egitim ve Arastirma Hastanesi, Cocuk Saghgi ve Hastaliklari Klinigi, Cocuk Hematolojisi ve Onkolojisi

Boliimii, Bursa, Tiirkiye

Cite this article as: Bagc 0, Saltan Aydin S, Oren A, Akaci O, Yazici A, Tung G, et al. Evaluation of thyroid function tests in newborns with
neural tube defects: a single center experience. | Curr Pediatr. 2026;24(2):145-151

Anahtar kelimeler

Konjenital hipotiroidi, noral tiip defekti,
povidon-iyot, tiroid fonksiyon testi,
yenidogan

Keywords

Congenital hypothyroidism, neural tube
defect, povidone-iodine, thyroid function
test, neonate

Gelis Tarihi/Received : 08.07.2026
Kabul Tarihi/Accepted : 27.07.2026
Yayinlanma Tarihi/

Published Date : 04.08.2026

DOI:10.4274/jcp.2026.66563

Yazisma Adresi/Address for Correspondence:

Gaffari Tung, Saglik Bilimleri Universitesi,
Bursa Yiiksek ihtisas Egitim ve Arastirma

Hastanesi, Cocuk Saghgi ve Hastaliklari Klinigi,

Neonatoloji Boltimi, Bursa, Turkiye
E-posta: dr.gaffaritunc@gmail.com

J Curr Pediatr 2026;24(2):145-151

0z

Giris: Noral tiip defektleri (NTD), yenidogan déneminde multidisipliner yaklasim
gerektiren, ek konjenital anomaliler ve norogelisimsel morbidite ile iliskili 6Gnemli
bir konjenital gelisim kusurudur. Bu ¢calismada, yenidogan yogun bakim tinitemizde
izlenen NTD tanili olgularin perinatal dzelliklerinin ve tiroid fonksiyon testlerinin
(TFT) degerlendirilmesi, NTD olan yenidoganlarda hipotiroidi sikliginin belirlenmesi
amaglandi.

Gereg ve Yontem: Bu tek merkezli retrospektif calismaya, Ocak 2019-Haziran 2024
tarihleri arasinda ticincii basamak yenidogan yogun bakim tinitesinde NTD tanisi ile
izlenen hastalar dahil edilmistir. Hastalarin ilk bir yil icindeki TFT degerlendirmeye
alinmistir. Demografik, klinik ve laboratuvar verilerine tibbi kayitlardan ulasildr.
Bulgular: Dislama kriterleri ve eksik veriler sonrasi toplam 49 olgu degerlendirildi.
Olgularin 30’u (%61,2) kiz, 19'u (%38,8) erkekti. Ortalama gebelik haftasi 37+3
hafta, ortalama dogum agirhg 2887670 g, ortalama anne yasi 27,56 yil idi.
Dogumlarin 43t (%87,8) sezaryen ile gerceklesmisti. Otuz olgu (%61,2) term, 19
olgu (%38,8) prematiire dogmustu. Noral tiip defektleri lokalizasyonu en sik lomber
ve lumbosakral bolgede saptandi. Hidrosefali en sik eslik eden anomalilerden biri
olup 27 olguda (%55,1) mevcuttu ve 20 olguya ventrikiiloperitoneal sant uygulandi.
Olgularin 25'inde tiroid fonksiyon testleri postnatal ilk hafta icinde cahsiimisti.
ilk hafta degerlendirilen olgularin 5’inde (%20,0), tiim kohortun ise %10,2'sinde
hipotiroidi ile uyumlu tiroid fonksiyon testi bozuklugu saptandi. Hipotiroidi
saptanan tiim olgularin ilk hafta icinde opere edildigi ve tiroid fonksiyon testlerinin
postoperatif donemde calisildigi goriildii. Uc olguya levotiroksin tedavisi basland.
ilk tiroid fonksiyon testi normal olan olgularda izlemde hipotiroidi gelismedi.
Sonug: Bu calismada NTD tanili yenidoganlarda hipotiroidi ile uyumlu tiroid
fonksiyon testi bozuklugu, toplum temelli konjenital hipotiroidi prevalansina gore
dahayiiksek oranda saptanmistir. Tetkiklerin operasyon sonrasi donemde calisiimasi
hipotiroidinin postoperatif siirece ve povidon-iyot kullanimina bagl olabilecegini
dustindirirken takibinde hipotiroidisi devam eden hastalar, etiyolojiye yonelik
farkli nedenlerin de oldugunu gostermektedir.
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Abstract

Introduction: Neural tube defects (NTDs) are major congenital malformations that require multidisciplinary management during
the neonatal period and are associated with additional congenital anomalies and adverse neurodevelopmental outcomes. This study
aimed to evaluate the perinatal characteristics and thyroid function tests (TFTs) of newborns with NTDs admitted to our neonatal
intensive care unit (NICU) and to determine the frequency of hypothyroidism in this population.

Materials and Methods: This single-center retrospective study included neonates diagnosed with NTDs and admitted to a tertiary
NICU between January 2019 and June 2024. TFT results obtained during the first year of life were evaluated. Demographic, clinical,
and laboratory data were retrieved from the medical records.

Results: After exclusion of patients with missing data, 49 neonates were included. Of these, 30 (61.2%) were female and 19 (38.8%)
were male. The mean gestational age was 37£3 weeks, mean birth weight was 2887670 g, and mean maternal age was 27.5%6 years.
Forty-three infants (87.8%) were delivered by cesarean section. Thirty (61.2%) were born at term and 19 (38.8%) were preterm. The
most common NTD locations were the lumbar and lumbosacral regions. Hydrocephalus was the most frequent associated anomaly,
affecting 27 infants (55.1%), and 20 underwent ventriculoperitoneal shunt placement. TFTs were performed within the first postnatal
week in 25 infants. Among the infants evaluated during the first postnatal week, 5 (20.0%) had thyroid function test abnormalities
consistent with hypothyroidism, corresponding to 10.2% of the entire cohort. All infants with hypothyroidism underwent surgery
within the first week of life, and TFTs were obtained postoperatively. Levothyroxine treatment was initiated in three infants. None of
the infants with normal initial TFTs developed hypothyroidism during follow-up.

Conclusion: In this study, TFT abnormalities consistent with hypothyroidism were more frequently observed in newborns with NTD
than the reported population-based prevalence of congenital hypothyroidism. Because TFTs were obtained after surgery, postoperative
factors, including povidone-iodine exposure, may have contributed to thyroid dysfunction. However, persistent hypothyroidism during
follow-up in some patients suggests that additional etiological factors should also be considered.

Giris planlayan tiim kadinlara giinlik 400-800 ug folik asit
takviyesi onerilmektedir (5).

Tiroid hormonlarn fetal ve neonatal donemde beyin
gelisimi, somatik blylime, enerji metabolizmasi ve
norogelisim acisindan kritik 6neme sahiptir. Konjenital
hipotiroidi erken tani ve tedavi edilmediginde kalici

Noral tip defektleri (NTD), embriyonik gelisimin 3.-4.
haftalarinda noral tiiptin kapanmasindaki bozukluk sonucu
ortaya citkan, santral sinir sistemini ve vertebral kolonu
etkileyen major konjenital malformasyonlardir. NTD’ler,
konjenital kalp defektlerinden sonra en sik goriilen major

konjenital anomaliler arasinda yer almaktadir (1). Diinya
genelinde NTD prevalansinin yaklasik 1,53-2,3/1000 dogum
oldugu bildirilmektedir (2). Turkiye'de ise ulusal ve bolgesel
verilere gore prevalans yaklasik 2,7-3/1000 dogum diizeyinde
olup, bazi bolgelerde daha ytiksek oranlar rapor edilmistir
(3,4).

Noral tiiptin kapanmasi embriyonik donemde servikal
bolgeden baslayarak kraniyal ve kaudal yonde ilerler.
Kapanma siirecinin etkilendigi anatomik bolgeye bagli olarak
anensefali, ensefalosel, meningosel, miyelomeningosel
ve spina bifida gibi farkli NTD cesitleri ortaya cikabilir.
NTD’lerin etiyolojisi multifaktoriyeldir; genetik yatkinlik,
folat metabolizmasi, maternal beslenme durumu ve cevresel
faktorler birlikte rol oynar. Maternal folat eksikligi, gebelik
oncesi diyabet, obezite, valproik asit basta olmak iizere
antiepileptik ilag kullanimi, pestisit ve radyasyon maruziyeti,
sigara kullanimi, ic ortam hava kirliligi, ailede NTD oykusu
ve daha once NTD'den etkilenmis gebelik oykist, NTD
gelisimiyle iliskilendirilen baslica risk faktorleri arasindadir
(3). Perikonsepsiyonel donemde folik asit desteginin
NTD riskini azalttigi gosterilmis olup, bu nedenle gebelik
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entelektiiel yetersizlik ve motor gelisim bozukluklarina yol
acabilir. Glncel kilavuzlar, tim yenidoganlarda konjenital
hipotiroidi taramasinin yapilmasini; tarama pozitifligi veya
klinik siiphe varliginda serum TSH ve serbest T4 diizeyleriyle
taninin  dogrulanmasini ve tedavi gerektiren olgularda

levotiroksin tedavisine en kisa strede baslanmasini
onermektedir (6,7).
Yenidogan doneminde tiroid fonksiyon  testleri

postnatal vyas, gebelik haftasi, prematirite, kritik
hastalik, cerrahi stres, ilag maruziyeti ve iyot dengesi gibi
bircok faktorden etkilenmektedir (6). Bununla birlikte
NTD tanili yenidoganlarda tiroid fonksiyon testlerinin
degerlendirildigi calismalar sinirlidir. Bu ¢calismada, tglinci
basamak yenidogan yogun bakim (nitesinde NTD tanis
ile izlenen olgularin demografik ve klinik ozelliklerinin
degerlendirilmesi, tiroid fonksiyon testlerinin incelenmesi ve
hipotiroidi sikliginin belirlenmesi amaclanmistir.

Gereg ve Yontem

Bu gozlemsel, tek merkezli, retrospektif calismada,
tictincti basamak bir yenidogan yogun bakim tinitesinde Ocak



Bagci ve ark. Noral Tiip Defektli Yenidoganlarda Tiroid Fonksiyonlari 147

2019-Haziran 2024 tarihleri arasinda noral ttip defekti (NTD)
tanisi ile izlenen yenidoganlarin dosya kayitlari incelendi.

Calismaya, yenidogan doneminde NTD tanisi ile yatirilan
ve yasaminin ilk yili icinde tiroid fonksiyon testi calisiimis
olan hastalar dahil edildi. Tiroid fonksiyon testlerine veya
klinik verilerine ulasilamayan olgular calisma disi birakildi.

Hastalarin cinsiyet, anne vyasi, gebelik haftasi, dogum
agirhgr, dogum sekli, NTD lokalizasyonu, hidrosefali
varhigi, ventrikiiloperitoneal sant gereksinimi, operasyon
glinli, hastanede vatis siresi, tiroid fonksiyon testlerinin
zamani, TSH ve serbest T4 (sT4) degerleri, hipotiroidi varhg,
levotiroksin tedavisi kaydedildi.

Gebelik haftasi 37 haftanin altinda olan olgular
prematiire, 37 hafta ve iizerinde olan olgular term olarak
kabul edildi. Noral tip defektleri lokalizasyonu servikal,
torakolomber, lomber, lumbosakral, sakral, sakrokoksigeal
olarak siniflandirldi.

Serum TSH ve serbest T4 (sT4) diizeyleri, Roche Cobas
801 analizorli (Roche Diagnostics, Mannheim, Germany)
kullanilarak Elecsys® elektro-kemilliminesans immiinoassay
(ECLIA) yontemi ile olculdi. Postnatal yasa 6zgl referans
araliklari esas alindi. Buna gore 1-6 giin i¢in TSH; 0,7-15,2
mlU/L, sT4; 0,86—2,49 ng/dL, 7-90 giin icin TSH; 0,42—6,32
mlU/L, sT4; 1,21-2,29 ng/dL, 3-12 ay icin TSH; 0,73-8,35
mIU/L ve sT4; 0,92-1,99 ng/dL referans araliklari kullanildi.
Postnatal yasa uygun referans araliklarina gore ytiksek TSH ve/
veya disiik sT4 varligi hipotiroidi ile uyumlu TFT bozuklugu
olarak degerlendirildi. Levotiroksin tedavisi baslanan olgular
tedavi gerektiren hipotiroidi olarak ayrica kaydedildi.
Hastalar TFT bozuklugu saptanan ve saptanmayan olgular
olarak iki gruba ayrilarak karsilastirildi.

Bu c¢alisma icin etik kurul onayi, Bursa Yiiksek ihtisas
Egitim ve Arastirma Hastanesi Klinik Arastirmalar Etik
Kurulu'ndan alindi (karar no: 2024-TBEK-2024/08-05, tarih:
28.08.2024).

istatistiksel Analiz

istatistiksel analiz SPSS programi kullanilarak yapilmistir.
SureklidegiskenlerinnormaldagilimauygunluguKolmogorov-
Smirnov ve Shapiro-Wilk testleri ile degerlendirilmistir.
Normal dagilim gosteren degiskenler ortalamazstandart
sapma, normal dagilim gostermeyen degiskenler medyan
ve uygun aralik degerleri ile ifade edilmistir. Kategorik
degiskenler sayl ve ylzde olarak verilmistir. Gruplar
arasi karsilastirmalarda normal dagihim gosteren sirekli
degiskenler icin bagimsiz 6rneklem t-testi, normal dagilim
gostermeyen degiskenler icin  Mann-Whitney U testi
kullanilmistir. Kategorik degiskenlerin karsilastiriimasinda

ki-kare testi veya beklenen hiicre sayisinin disik oldugu
durumlarda Fisher exact test kullanilmistir. Tim istatistiksel
analizlerde iki yonlu testler kullanildi ve p<0,05 degeri
istatistiksel olarak anlamli kabul edildi. Hipotiroidi saptanan
hasta sayisinin az olmasi nedeniyle Hipotiroidi saptanan olgu
sayisinin az olmasi nedeniyle grup karsilastirmalari kesifsel
(exploratory) nitelikte degerlendirilmis olup, cok degiskenli
lojistik regresyon analizi yaptimamistir.

Bulgular

Calisma doneminde YDYBU'mizde NTD ile toplam 68
hasta izlendi. Dislama kriterleri sonrasinda 49 hastanin
verileri degerlendirildi. Olgularin 30'u (%61,2) kiz, 19'u (%38,8)
erkekti. Ortalama anne yasi 27,56£6,10 yil, ortalama gebelik
haftasi 373 hafta ve ortalama dogum agirligi 2887+670
g idi. Olgularin 43l (%87,7) sezaryen, 6'si (%12,3) normal
spontan vajinal yol ile dogmustu. Otuz olgu (%61,2) term,
19 olgu (%38,8) prematiireydi. On alti olgu (%32,7) postnatal
ilk 3 gtin icinde, 33 olgu (%67,3) ise sonraki gtinlerde opere
edildi. Ortalama hastanede yatis siiresi 13+12 giin olarak
saptandi. Olgularin demografik ve perinatal 6zellikleri Tablo
1 ‘de gosterilmistir.

Noraltipdefektlerininlokalizasyonudegerlendirildiginde,
olgularin en sik lumbosakral (%34,7; n=17), lomber (%30,6;
n=15) ve torakolomber (%26,5; n=13) bolgelerde yerlestigi
saptandi. Daha nadir olarak iki olguda (%4) servikal, birer
olguda ise (%2) sakral ve sakrokoksigeal yerlesim mevcuttu.
Eslik eden klinik bulgular incelendiginde, olgularin
%55,1'inde (n=27) hidrosefali bulundugu, %40,8'ine (n=20)
ise ventrikiiloperitoneal sant uygulandigi belirlendi (Tablo 2).

Tiroid fonksiyon testleri degerlendirildiginde, olgularin
25'inde (%51,0) tiroid fonksiyon testleri postnatal ilk hafta
icinde cahsilmisti. ilk hafta degerlendirilen olgularin 5'inde
(%20,0), ttim kohortun ise %10,2’sinde hipotiroidi ile uyumlu
tiroid fonksiyon testi bozuklugu saptandi. Bu olgularin

Tablo 1. Olgularin demografik ve perinatal 6zellikleri
Toplam olgu sayisi 49

Cinsiyet, kiz n (%) 30 (61,2)
Anne yasl, yil (ortalama =+ SD) 27,56 = 6,10
Gebelik yasi, hafta (ortalama £ SD) 37+3
Dogum agirhigi, g (ortalama = SD) 2887 £ 670
Sezaryen dogum n (%) 43 (87,7)
Prematiire dogum n (%) 19 (38,8)

ilk 3 giin opere edilen olgu n (%) 16 (%32,7)
Hastanede yatis siresi, giin (ortalama + SD) 13£12

SS: Standart sapma
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%6,2'sine  (n=3) levotiroksin tedavisi baslandi. Ayrica,
olgularin %26,5'inde (n=13) yasamin ilk ayi icerisinde tiroid
fonksiyon testi degerlendirmesinin yapilmadigi belirlendi
(Tablo 3).

Tiroid fonksiyon testi  bozuklugu saptanan ve
saptanmayan olgular karsilastirildiginda, cinsiyet dagilimi
acisindan gruplar arasinda istatistiksel olarak anlamli bir fark
saptanmadi (p=0,142). Benzer sekilde, anne vyasi (p=0,951),
gebelik haftasi (p=0,855) ve dogum agirhgr (p=0,339)
bakimindan da hipotiroidi olan ve olmayan olgular arasinda
istatistiksel olarak anlamli farkhlik izlenmedi (Tablo 4).

Tiroid fonksiyon testi bozuklugu saptanan bes olgunun
tumi  kiz cinsiyetindeydi. Gebelik haftalari 34+2 ile
38+6 hafta, dogum agirliklari ise 1850-3420 g arasinda

Tablo 2. Noral tiip defekti lokalizasyonu ve eslik eden
klinik ozellikler

NTD lokalizasyonu n (%)
Lomber 15(30,6)
Lumbosakral 17 (34,7)
Torakolomber 13 (26,5)
Servikal 2(4)
Sakral 1)
Sakrokoksigeal 112
Eslik eden klinik bulgular

Hidrosefali var 27 (55,1)
Sant uygulanan 20 (40,8)

NTD: Noral tiip defekti

Tablo 3. Tiroid fonksiyon testi bozuklugu ve tedavi
gereksinimi

n (%)
ilk hafta TFT degerlendirilen 25(51,0)
ilk hafta TFT bozuklugu saptanan 5 (20)
Tum kohortta TFT bozuklugu saptanan 5(10,2)
Levotiroksin tedavisi baslanan 3(6,1)
ilk 1 ay icinde tiroid fonksiyon testi bakilmayan 13 (26,5)

TFT: Tiroid fonksiyon testi

degismekteydi. Noral tiip defekti lokalizasyonu iki olguda
torakolomber, iki olguda lomber ve bir olguda lumbosakral
diizeydeydi. Ug olguda hidrosefali bulunurken, bu olgularin
tamamina  ventrikiiloperitoneal ~ sant  uygulanmisti.
Operasyonlar yasamin 1-3. glinleri arasinda gerceklestirilmis,
tiroid fonksiyon testleri ise postnatal 6-8. giinlerde
degerlendirilmisti. ilk degerlendirmede TSH diizeyleri 18,1-
60,9 mlU/L, serbest T4 (sT4) dizeyleri ise 0,54-0,89 ng/
dL arasinda saptandi. Bes olgunun tgiinde levotiroksin
tedavisi baslandi, iki olgu ise tedavisiz izleme alindi. Birinci
ay kontroliinde tedavi baslanmayan iki olgunun TSH
duzeylerinin normal sinirlara geriledigi (1,08 ve 0,42 mIU/L)
ve sT4 dizeylerinin normal oldugu gorildi. Buna karsin
levotiroksin tedavisi baslanan (¢ olgudan ikisinde birinci
ayda TSH duzeyleri sirasiyla >100 mIU/L ve 70,8 mlU/L
olarak yiiksek seyretmeye devam ederken, sT4 dizeyleri
distik (<0,40 ng/dL ve 0,46 ng/dL) bulundu. Diger tedavi alan
olguda ise TSH duzeyi 0,29 mIU/Lye gerilemis ve sT4 diizeyi
1,90 ng/dL olarak normal aralikta saptanmistir (Tablo 5).

Tartisma

Calismamizda 49 olgunun %10,2’sinde, postnatal
ilk hafta icinde degerlendirilen olgularin ise %20’sinde
hipotiroidi ile uyumlu tiroid fonksiyon testi bozuklugu
saptanmis ve %6,1ine levotiroksin tedavisi baslanmistir.
Konjenital hipotiroidi, yenidogan doneminin en sik
gorulen endokrin hastaliklarindan biridir. Diinya genelinde
yaklasik 1/3000-1/4000 canli dogumda bildirilirken, gtincel
tarama programlarinda TSH esiklerinin dusirilmesi ve
hafif biyokimyasal formlarin da saptanabilmesiyle bazi
popiilasyonlarda bildirilen siklik  1/2000-1/3000 canli
doguma kadar yukselmistir (6-7). Tirkiye'de ise ulusal
yenidogan tarama programinin 2008-2010 verilerine gore
konjenital hipotiroidi siklig yaklasik 1/650 olarak bulunmus
ve diinya ortalamasina gore daha ytiksek oldugu bildirilmistir
(8). Calismamizda saptanan hipotiroidi ile uyumlu tiroid
fonksiyon testi bozuklugu oranlari hem dinya hem de
tilkemizden bildirilen toplum temelli konjenital hipotiroidi
sikliklarina kiyasla yiksek bulunmustur.

Tablo 4. TFT bozuklugu olan ve olmayan olgularin karsilastiriimasi

Degisken TFT bozuklugu yok (n=44) TFT bozuklugu var (n=5) p degeri
Kiz Cinsiyet n (%) 25 (57) 5 (100) 0,142°
Anne yasl, yil ortalam £SS 27,58 + 6,17 27,40 £ 6,19 0,951°
Gebelik haftasi ortanca min-max | 38 (36-39) 37 (35-38) 0,855¢
Dogum agirhgi, g ortalam £SS 2919,19 * 673,74 2613,00 £ 640,58 0,339

a: Fisher’s exact test, b: Bagimsiz orneklem t testi, c: Mann-Whitney U testi, TFT: Tiroid fonksiyon testi
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Tablo 5. TFT bozuklugu saptanan olgularin ayrintili klinik ozellikleri

Olgu | Cinsiyet | GH gDA’ Ih:)Tkglizasyonu Hidrosefali | Sant g:l) rt::[rjasyon ;Etnk['jk TSH | sT4 | Levotiroksin %:y :i:y
1 K 38+6 | 3420 | Torakolomber | Var Var |2 7 41,2 10,89 | Hayir 1,08 | 1,16
2 K 35+5 | 2110 | Lumbosakral Yok Yok |2 6 18,9 [0,70 | Evet >100 | <0,40
3 K 38 2685 | Lomber Var Var |1 7 19,3 | 0,89 | Hayir 0,42 | 1,34
4 K 34+2 | 1850 | Torakolomber | Var Var |3 8 60,9 |0,69 | Evet 0,29 |[1,90
5 K 38 3000 | Lomber Yok Yok |3 7 18,1 0,54 | Evet 70,8 | 0,46
GH: Gebelik haftasi, DA: Dogum agirhigi, NTD: Noral tiip defekti, TFT: Tiroid fonksiyon testleri, TSH: Tiroid stimiilan hormon, sT4: Serbest tiroksin

Noral tip defekti tanili yenidoganlarda hipotiroidi
sikligini bildiren sinirli sayida calisma olmakla birlikte,
mevcut veriler bulgularimizi desteklemektedir. Yorulmaz
ve Konak, Konya bolgesinde izlenen 186 NTD tanih
yenidogani degerlendirdikleri calismalarinda 14 olguda
konjenital hipotiroidi saptamis ve NTDli hastalarda
konjenital hipotiroidi sikhgini %7,5 olarak bildirmistir (9).
Noral tiip defektleri spektrumunda yer alan frontoetmoidal
ensefalomeningosel hastalarinda yapilan  baska  bir
calismada da tiroid fonksiyon testi calisilan 37 hastanin
3’tinde santral hipotiroidi ile uyumlu bulgular saptanmis,
diabetes insipidus ve biiyiime hormonu eksikligi gibi diger
hipotalamo-hipofizer bozukluklar da bildirilmistir (10).
Benzer sekilde Perrone ve ark. (11), meningomyelosel tanil
56 cocukta hipofiz, tiroid, adrenal ve gonadal fonksiyonlari
degerlendirmistir. Calismada 6 olguda normal sT4 diizeyleri
ile hafif TSH yiksekligi saptanmis, bazi olgularda TRH
uyarisina TSH yanitinin abartili, uzamis veya gecikmis
oldugu bildirilmistir. Ayrica santral puberte prekoks,
hiperprolaktinemi ve gonadotropin yanitlarinda bozukluk
gibi hipotalamo-hipofizer aksin etkilenimini dusindiren
bulgular da gosterilmistir (11). Bu bulgular, calismamizda
NTD tanili yenidoganlarda saptanan tiroid fonksiyon testi
bozukluklarinin, daha genis bir endokrin etkilenimin parcasi
olabilecegini distindiirmektedir.

Noral tip defektleri ile tiroid fonksiyonlari arasindaki
iliskiyi aciklayabilecek  mekanizmalar tam  olarak
bilinmemektedir. Sak ve ark. (12), NTD tanih fetuslarin
amniyotik sivilarinda serbest T4 diizeyinin kontrol grubuna
gore anlamli olarak daha diisiik, total oksidan durum ve
paraoksonaz-1 aktivitesinin ise daha vyiiksek oldugunu
bildirmistir. Bu bulgu, NTD’li olgularda tiroid hormon
metabolizmasi, oksidatif stres ve intrauterin cevresel faktorler
arasinda olasi bir iliski olabilecegini distindiirmektedir.
Bizim calismamiz intrauterin mekanizmalari dogrudan
degerlendirmemektedir. ~ Ancak  postnatal  donemde
saptanan TFT bozukluklarinin yalnizca cerrahi sonrasi iyot
maruziyetiyle aciklanamayabilecegini, bazi olgularda altta

yatan farkli biyolojik mekanizmalarin da rol oynayabilecegini
dustundirmektedir.

Konjenital hipotiroidili  olgularda ek konjenital
anomalilerin  beklenenden  daha sik  gorilebildigi
bildirilmistir (13). Bu birlikteligin ortak embriyolojik gelisim
suirecleri, genetik yatkinlik ve intrauterin cevresel faktorlerle
iliskili  olabilecegi  dustinilmektedir.  Calismamiz  bu
mekanizmalari dogrudan degerlendirmemekle birlikte, NTD
gibi major konjenital anomalisi olan yenidoganlarda tiroid
fonksiyonlar testlerinin gozden kacirilmamasi gerektigini
desteklemektedir. Ozellikle norogelisimsel morbidite riski
yuksek olan bu hasta grubunda, eslik eden hipotiroidinin
erken taninmasi klinik acidan onem tasimaktadir.

Cahsmamizda TFT bozuklugu saptanan tim olgular
yasamin ilk t¢ gunl icinde opere edilmisti ve testler
postoperatif ~ donemde  cahsiimisti.  Yenidoganlarda,
ozellikle prematiire ve hasta bebeklerde, iyot iceren topikal
antiseptiklerin cilt yoluyla emilimi gecici veya kalic tiroid
fonksiyon bozukluguna yol acabilmektedir (14-15). Noral tiip
defektleri tanili yenidoganlarin onemli bir kismi yasamin ilk
glinlerinde cerrahi girisim gecirmekte ve bu siirecte povidon-
iyot gibi iyot iceren antiseptiklere maruz kalabilmektedir.
Bu nedenle postoperatif donemde TSH ve sT4 diizeylerinin
izlenmesi klinik acidan 6nemlidir. Calismamizdaki bulgular,
saptanan TFT bozukluklarinin tiimindn kalict konjenital
hipotiroidi olarak degerlendiriimemesi gerektigini de
gostermektedir.  Levotiroksin  baslanmayan iki olguda
birinci ay kontroliinde tiroid fonksiyon testlerinin normale
donmesi, bazi olgularda gecici postoperatif veya iyot
iliskili tiroid fonksiyon bozuklugu gelismis olabilecegini
dustindirmektedir. Bu nedenle NTD’li yenidoganlarda
anormal TFT saptandiginda, tek bir 6lctimle kalici hipotiroidi
tanisi koymak yerine postnatal yas, klinik durum, operasyon
oykisu, olasi iyot maruziyeti ve izlem testleri birlikte
degerlendirilmelidir.

Konjenital hipotiroidi ile iliskili perinatal faktorler
literattirde farkh calismalarda degerlendirilmistir. Zhou ve
ark. (16), konjenital hipotiroidili olgularda perinatal risk
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faktorlerini inceledikleri calismalarinda dusik dogum agirlig
ve preterm dogumun ozellikle gecici konjenital hipotiroidi
icin risk faktori oldugunu, ek dogumsal anomalilerin ise
kalici konjenital hipotiroidi ile daha yakin iliskili oldugunu
bildirmistir. Jo ve ark. (17) ise konjenital hipotiroidi insidansini
gebelik haftasi, dogum agirligi ve gestasyon haftasina gore
dogum agirhigi acisindan degerlendirmis, prematiire ve dustik
dogum agirlikli bebeklerde tiroid fonksiyon bozukluklarinin
daha sik gortilebilecegini vurgulamistir. Waller ve ark.’nin (18)
Kaliforniya yenidogan tarama verilerine dayanan calismasinda
ise dogum agirhginin, etnik koken ve cinsiyetin konjenital
hipotiroidi riskiyle iliskili olabilecegi gosterilmistir. Ayrica bazi
epidemiyolojik calismalarda ileri anne yasi ve kiz cinsiyetin
konjenital hipotiroidi ile iliskili olabilecegi bildirilmistir (19).

Calismamizda hipotiroidi ile uyumlu TFT bozuklugu
saptanan ve saptanmayan olgular karsilastirildiginda anne
yasi, gebelik haftasi ve dogum agirhgr acisindan istatistiksel
olarak anlamh fark saptanmadi. TFT bozuklugu saptanan
olgularin tamaminin cinsiyeti kizdi ancak bu fark istatistiksel
olarak anlamli bulunmadi. Calismamizda anlamli fark
saptanmamasli, NTD’li yenidoganlarda hipotiroidi acisindan
bu faktorlerin etkisiz oldugunu gostermekten ok, 6rneklem
buytkliguntn ve TFT bozuklugu saptanan olgu sayisinin az
sayida olmasi ile aciklanabilir.

Ulkemizde NTD sikliginin halen diinya ortalamasina kiyasla
yiiksek seyretmesi, calismamizin klinik dnemini artirmaktadir.
Bu durumun nedenleri arasinda perikonsepsiyonel folik asit
kullaniminin yetersizligi, gebeliklerin 6nemli bir kisminin
plansiz  gerceklesmesi, zorunlu folik asit fortifikasyon
programlarinin yaygin olmamasi, bolgesel ve sosyoekonomik
farkliliklar, maternal egitim diizeyi ve genetik/cevresel
yatkinliklar yer almaktadir (4,5,9). NTD’li yenidoganlarda
hidrosefali, sant gereksinimi, motor defisit, norojen
mesane, ortopedik sorunlar, Griner sistem komplikasyonlari
ve uzun donem rehabilitasyon gereksinimi klinik streci
zorlastirmaktadir (9,20). Bu bebekler norogelisimsel acgidan
riskli bir grup oldugundan, eslik eden hipotiroidinin
gozden kacmasi mevcut morbiditeye onlenebilir ek katkida
bulunabilir. Bu nedenle NTD tanili yenidoganlarda, ozellikle
erken cerrahi geciren ve iyot iceren antiseptiklere maruz
kalma olasihig bulunan olgularda, postoperatif dénemde TSH
ve sT4 diizeylerinin takip edilmesi 6nemlidir.

Calismanin Kisithliklari

Calismamizin baslica kisithliklar retrospektif ve tek
merkezli tasarimli olmasidir. Es zamanl saglikli veya cerrahi
girisim  gecirmeyen kontrol grubu bulunmadigindan,
toplum prevalansi ile vyapilan karsilastirma dolaylidir.
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Iyot iceren antiseptik maruziyetinin miktari ve siiresi tiim
olgularda ayrintili olarak degerlendirilememistir. Maternal
tiroid hastaligi, maternal iyot durumu, ila¢ kullanimi ve
yenidoganin aldigi diger tedaviler gibi tiroid fonksiyonlarini
etkileyebilecek degiskenlere retrospektif olarak eksiksiz
ulasilamamuistir. Ayrica hipotiroidi ile uyumlu tiroid fonksiyon
testi bozuklugu saptanan olgu sayisinin yalnizca bes olmasi
nedeniyle grup karsilastirmalari  kesifsel (exploratory)
nitelikte olup Tip Il hata olasihgr yiksektir. Bu nedenle elde
edilen sonuglar dikkatli yorumlanmalidir.

Sonug

Noral tip defekti tanmili yenidoganlarda ozellikle
erken postoperatif donemde tiroid fonksiyon testlerinde
bozukluklar  gorilebilmektedir.  Calismamizda yasamin
ilk haftasinda saptanan hipotiroidi ile uyumlu tiroid
fonksiyon testi bozuklugu orani, toplum temelli konjenital
hipotiroidi prevalansindan yiiksek bulunmus ve Tirkiye’den
bildirilen NTD serilerindeki hipotiroidi sikhigi ile benzerlik
gostermistir. Bununla birlikte, bu bulgunun gercek bir risk
artisini mi yoksa cerrahi siire¢ ve iyot maruziyetine bagh
gecici tiroid fonksiyon bozukluklarini mi yansittiginin ortaya
konulabilmesi icin prospektif, kontrollii ve daha genis
orneklemli calismalara gereksinim vardir. Noral tiip defektli
yenidoganlarin norogelisimsel acidan yiiksek riskli bir grup
olmasi nedeniyle, tiroid fonksiyonlarinin diizenli olarak
izlenmesi; hipotiroidinin erken taninmasi, uygun tedavinin
zamaninda baslanmasi ve oOnlenebilir norogelisimsel
olumsuzluklarin azaltilmasi acisindan 6nem tasimaktadir.
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