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Amaç: Nörogelişimsel bozuklukların patogenezinde doğum 
öncesi ve erken yaşam dönemi maruziyetlerini içeren 
epigenetik değişiklikler, kalıtsal genler kadar ilgi çekici olmaya 
başlamaktadır. Bu çalışmada puberte öncesi dönemde dikkat 
eksikliği hiperaktivite bozukluğu (DEHB), otizm spektrum 
bozukluğu (OSB) ve özgül öğrenme bozukluğu (ÖÖB) tanılı 
çocuklar için olası çevresel ve gelişimsel risk faktörlerinin 
araştırılması amaçlanmıştır. 

Yöntemler: Çalışmaya 7-12 yaş aralığında 98 çocuk (24 DEHB, 
24 ÖÖB, 26 OSB, 24 kontrol) alınmıştır. Tanısal değerlendirmede 
Amerikan Psikiyatri Birliği Ruhsal Bozuklukların Tanısal ve 
Sayımsal El Kitabına dayalı görüşme, Okul Çağı Çocukları için 
Duygulanım Bozuklukları ve Şizofreni Görüşme Çizelgesi-şimdi 
versiyonu kullanılmıştır. Klinik değerlendirmede ebeveynler 
tarafından sosyo-demografik veri formu doldurulmuştur ve 
bilişsel değerlendirmede Wechsler Çocuklar İçin Zeka ölçeği 
kullanılmıştır.

Bulgular: Çalışmamızda düşük ebeveyn eğitim düzeyi, 
ebeveyn işsizliği, düşük gelirli aile ve birinci derece akrabalarda 
psikiyatrik hastalık öyküsü ÖÖB riski ile, prematürite öyküsü ve 
erken dönem kendini düzenleme güçlükleri OSB riski ile, allerji 
öyküsü DEHB riski ile ilişkili bulunmuştur.

Sonuç: Bu çalışmada nörogelişimsel bozukluklarda olası rol 
oynayan pek çok farklı risk faktörü bulunması ileri epigenetik 
çalışmalara ihtiyaç olduğunu göstermektedir.

Anahtar Kelimeler: Öğrenme bozukluğu, otizm spektrum 
bozukluğu, dikkat eksikliği hiperaktivite bozukluğu, gelişimsel 
özellikler, risk faktörleri

Introduction: Epigenetic changes in the pathogenesis of 
neurodevelopmental disorders, including prenatal and early 
life exposures, are becoming as appealing as hereditary 
genes. This study aimed to investigate possible pre-pubertal 
environmental and developmental risk factors for children 
with Attention Deficit Hyperactivity Disorder (ADHD), Autism 
Spectrum Disorder (ASD), and Specific Learning Disorder (SLD).

Methods: The study included 98 children (24 ADHD, 24 SLD, 
26 ASD, 20 controls) aged 7-12 years. The diagnostic evaluation 
was based on the American Psychiatric Association Diagnostic 
and Statistical Manual of Mental Disorders and Schedule for 
Affective Disorders and Schizophrenia for School-age Children-
present version. Parents completed socio-demographic data 
form for clinical evaluation, and The Wechsler Children’s 
Intelligence scale was used to assess cognitive skills.

Results: In our study, low parental education level, parental 
unemployment, low-income, and history of psychiatric 
disorders in first-degree relatives were associated with SLD 
risk, prematurity, and early self-regulation difficulties were 
associated with ASD risk, and history of allergy was associated 
with ADHD risk.

Conclusion: In this study, the presence of many different 
risk factors that play a possible role in neurodevelopmental 
disorders suggests that further epigenetic studies are needed.

Keywords: Specific Learning Disorder, autism spectrum 
disorder, attention deficit hyperactivity disorder, developmental 
characteristics, risk factors
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Introduction

Attention Deficit Hyperactivity Disorder (ADHD), Autism Spectrum 

Disorder (ASD), and Specific Learning Disorder (SLD) are the most 

common neuropsychiatric disorders in childhood. These disorders are 

classified under the heading of Neurodevelopmental Disorders in the 

American Psychiatric Association’s Diagnostic and Statistical Manual of 

Mental Disorders (DSM-5). Neurodevelopmental disorders occur early in 

development and are characterized by developmental disabilities that 

lead to disruptions in individual, social, educational, or occupational 

functionalities.

ADHD is a heterogeneous developmental disorder characterized 

by inattention, impulsivity, and hyperactivity. It is common among 

neurodevelopmental disorders, and the current diagnostic criteria are 

met in 5.3% of school-aged children worldwide and 8% throughout 

Turkey (1,2). DSM-5 defined ASD as a neurodevelopmental disorder 

that starts in early childhood with impairment in social interaction, 

repetitive behaviors, and circumscribed interests. In a study report 

published by “US Centers for Disease Control and Prevention” in 

2014 among children aged eight years, the prevalence of ASD was 

reported as 1/68 (3). There are few studies regarding the prevalence 

of autism in children in Turkey, and school-age autism prevalence has 

been reported to be approximately 12/10000 (4). SLD is defined as a 

neurodevelopmental disorder that lasts for at least six months despite 

appropriate interventions, including difficulties in learning and using 

school skills. The difficulties these children experience are beyond the 

“expected situation” given their age and general cognitive skills, and it 

cannot be explained by delay in cognitive development in general. They 

may experience difficulties in academic, attention, organizing, ordering, 

and social-emotional fields (5). Its incidence has been reported to be 

3-10% among school-age children (6).

Neurodevelopmental disorders show a high level of heredity and have 

shared genetic risks. Epigenetic changes, including prenatal and early 

life exposures in the pathogenesis of neurodevelopmental disorders, are 

becoming as appealing as hereditary features (7). Many risk factors such 

as prenatal maternal stress, poor intrauterine environment, postpartum 

maternal depressive mood, short duration of breastfeeding, low birth 

weight, prematurity, and education of the mother have been defined 

for ADHD, ASD, or SLD (8-12). In the literature, it was seen that the risk 

factors and developmental characteristics of children with SLD were not 

examined sufficiently in our country.

Determination of risk factors for ADHD, ASD, and SLD, which are the 

most common neurodevelopmental disorders of childhood, is an 

essential objective for child mental health research and developmental 

psychology. We aimed to contribute to the literature by comparing these 

three diagnoses with similar phenomenological and etiological features 

in terms of socio-demographic and developmental/clinical features in 

a cohort from Turkey. In light of this information, this study aimed to 

investigate possible pre-pubertal risk factors for children with ADHD, 

SLD, and ASD.

Methods

Participants

Our study has a single-center, cross-sectional, case-control study design. 
The study cohort included 24 children (7-12 years) diagnosed as ADHD, 
24 children (7-12 years) diagnosed as SLD, 26 children (7-12 years) 
diagnosed as ASD and 24 healthy controls (7-12 years) who applied to 
Ondokuz Mayıs University Faculty of Medicine Health Application and 
Research Center Child and Adolescent Psychiatry Outpatient Clinic. The 
diagnoses of the patient groups were made by clinical interviews based 
on DSM-5, and participants with a Wechsler Children’s Intelligence 
Scale-R (WISC-R) score of less than 70 were excluded from the study. The 
standard exclusion criteria in patient groups were as follows: comorbid 
psychotic disorder, bipolar disorder, eating disorder, substance use 
disorder, neurological disease, or loss of consciousness for more than 
one hour due to trauma, unstable or chronic medical disease, and 
known visual and hearing deficits. Also, the presence of SLD or ASD 
findings in the ADHD group, the presence of ASD comorbidity in the 
SLD group, and the presence of SLD comorbidity in the ASD group were 
identified as exclusion criteria. The healthy control group was selected 
from children who had more than 70 points in WISC-R and who had no 
history of psychiatric or medical illness.

The study was approved by Ondokuz Mayıs University Clinical Research 
Ethics Committee (B.30.ODM.0.20.08/632-745 dated: 15.02.2017). 
Informed consent was obtained from the parents of the children.

Application

After the diagnostic evaluation of the case groups identified for our 
study, patients, healthy controls, and their families were informed 
about our research. Socio-demographic data form, which was used to re-
evaluate the inclusion and exclusion criteria of the study, was completed 
by researches following socio-demographic data, medical history, 
family history, prenatal, perinatal, and postnatal period information, 
developmental stages information obtained from the parents of the 
participants. The comorbidities were evaluated using Schedule for 
Affective Disorders and Schizophrenia for School-age Children-Present 
- Turkish Adaptation (SADS-P-T) (13,14).

Statistical Analysis

Data were analyzed with IBM SPSS v23.0 (Chicago, USA). The normality 
of the data was examined by the Shapiro-Wilk test. One-way ANOVA was 
used to compare quantitative data with a normal distribution. Kruskal-
Wallis test was used to compare non-normally distributed data, and 
the source of the difference was examined by the Mann-Whitney U test 
with Bonferroni correction. The correlation between categorical data 
was examined by chi-square test. The significance level was accepted 
as p<0.05.

Results
A total of 98 participants, including 24 children with SLD, 24 children 
with ADHD and 26 children with ASD according to DSM-5, and 24 
healthy controls without any psychiatric diagnosis, completed the study. 
It was seen that 78.6% (n=77) of the children included in the study 
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were male, and 21.4% (n=21) were female. The mean age and gender 
distributions were similar between the groups. There was a significant 
difference between the groups in terms of maternal (p<0.001) and 
paternal education level (p=0.001), maternal (p<0.001) and paternal 
employment status (p=0.006), monthly income (p<0.001) and history 
of mental disorders in first-degree relatives (p=0.007) (Table 1).

When the prenatal, perinatal and postnatal characteristics of the 
subjects included in the study were examined, the presence of a 
history of mental problems during pregnancy (p=0.009), premature 
birth (p=0.027) and allergy (p=0.021) showed a significant difference 
between the groups (Table 2).

Significant differences were found between the groups in terms of 
firstword acquisition (p=0.012), sentence generation (p<0.001), and 
self-regulation as expressed by the mother (p=0.013) (Table 3).

The children in the study group were evaluated with (SADS-P-T) during 

the study in terms of present mental disorders. There was no difference 

between the patient groups in terms of the presence of comorbid 

disorders (Table 4).

Discussion

Neurodevelopmental disorders are coexisting and persistent 

disorders in the development of cognitive or motor functions 

during childhood. In this study, the main clinical gain of focusing 

on neurodevelopmental disorders is to draw attention to early risk 

characteristics of mental disorders in childhood and early adolescence. 

The fact that neurodevelopmental disorders show similar male gender 

predominance and neurocognitive disorder suggests that there may be 

similar causal pathways leading to different disorders (15). Epigenetic 

Table 1. Socio-demographic characteristics of cases

SLD ADHD ASD Control Test statistics p

Age 9 (7-12) 9 (7-12) 9.5 (7-12) 10 (7-12) χ2=5.753** 0.124

Gender

Male 16 (66.7) 18 (75.0) 23 (88.5) 20 (83.3)
χ2=4.036*

 

0.258
Female 8 (33.3) 6 (25.0) 3 (11.5) 4 (16.7)

Maternal education (years) 5 (0-16)a 11 (0-16)ab 8 (5-15)ab 13 (5-20)b χ2=18.853** <0.001

Paternal education (years) 5 (3-12)a 11 (1-16)ab 11 (5-15)b 13 (5-20)b χ2=16.572** 0.001

Maternal employment status, (working) n (%) 2 (8.3)a 9 (37.5)b 7 (26.9)ab 17 (70.8)c χ2=21.638**

 

<0.001

Paternal employment status, (working) n (%) 19 (79.2)a 23 (95.8)ab 26 (100.0)b 24 (100.0)b χ2=12.457*

 

0.006

F-M status (together), n (%) 22 (91.7) 23 (95.8) 25 (96.2) 23 (95.8) χ2=0.689*

 

0.876

Consanguinity between parents (yes) n (%) 2 (8.3) 2 (8.3) 7 (26.9) 2 (8.3) χ2=5.737*

 

0.125

Monthly income (TL)

<1300 8 (33.3) 3 (12.5) 2 (7.7) 0 (0.0)

χ2=25.374* <0.0011300-4500 15 (62.5) 19 (79.2) 21 (80.8) 14 (58.3)

>4500 1 (4.2) 2 (8.3) 3 (11.5) 10 (41.7)

Mental disorders in first degree relatives (yes) n (%) 13 (54.2)a 9 (37.5)ab 5 (19.2)ab 3 (12.5)b χ2=12.097*

 

0.007

SLD: Specific Learning Disorder, ADHD: attention deficit hyperactivity disorder, ASD: autism spectrum disorder, a-c: there is no difference between groups with the 
same letter, *: pearson chi-square test statistic, **: Kruskal-Wallis test statistic

Table 2. Evaluation of prenatal, perinatal and postnatal characteristics of cases

  SLD ADHD ASD Control Test statistics p

Maternal age 29 (17-39) 27 (18-38) 24 (19-35) 32 (18-41) χ2=8.2

 

0.050

Smoking during pregnancy n (%) 4 (16.7) 4 (16.7) 2 (7.7) 1 (4.2) χ2=2.952 0.399

Mental problems in pregnancy n (%) 14 (58.3)a 14 (58.3)a 10 (38.5)ab 4 (16.7)b χ2=11.622 0.009

Delivery method

NSVD 8 (33.3) 9 (37.5) 10 (38.5) 8 (33.3)

χ2=3.428 0.753C/S 16 (66.7) 14 (58.3) 16 (61.5) 16 (66.7)

Forceps 0 (0) 1 (4.2) 0 (0) 0 (0)

Prematurity 2 (8.3)ab 1 (4.2)ab 7 (26.9)b 0 (0)a χ2=14.255 0.027

Birth complication n (%) 2 (8.3) 3 (12.5) 3 (11.5) 2 (8.3) χ2=0.372 0.946

Asphyxia n (%) 3 (12.5) 2 (8.3) 1 (3.8) 2 (8.3) χ2=1.25 0.741

Incubator n (%) 2 (8.3) 5 (20.8) 4 (15.4) 0 (0) χ2=5.911 0.116

Seizure n (%) 1 (4.2) 4 (16.7) 1 (3.8) 1 (4.2) χ2=4.349 0.226

Allergy n (%) 2 (8.3)a 10 (41.7)b 5 (19.2)a 3 (12.5)a χ2=9.778 0.021

SLD: specific learning disorder, ADHD: attention deficit hyperactivity disorder, ASD: autism spectrum disorder, χ2: pearson chi-square test statistic, a-b: there is no difference between 
groups with the same letter
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mechanisms, as well as high inheritance, can help explain how the 
same risk factors lead to different clinical characteristics. In this study, 
environmental factors, developmental and clinical features of children 
with neurodevelopmental disorders were determined. In the literature, 
when the etiological factors causing intellectual disability are examined, 
it is reported that approximately 30% are genetically based (16). In our 
study, children with normal intelligence performance were included 
in the study, considering that it would contribute to the evaluation 
of environmental and developmental risk factors as independent risk 
factors.

When the education levels of the parents were examined, it was seen 
that the parents of children with SLD had a lower educational level 
than the other parents. The mothers of all three patient groups are 
significantly less unemployed than the control group. The fathers of 
children with SLD had a significant unemployment rate. When the 
monthly income reflecting the socio-economic level was examined, 
the groups with the lowest monthly income were children with SLD 
and ADHD, respectively. The results of both the family structure and 

the socio-demographic characteristics of the parents cannot exclude 

the effect of lack of interest and enviromental stimulus. However, 

the importance of socio-demographic factors in children with SLD 

is emphasized in the literature. Low levels of parental education and 

low socio-economic status were thought to be risk factors for academic 

difficulties. The low socio-economic status may indicate parental 

educational difficulties and possible learning disability in the parents 

as well as a risk factor involving specific environmental conditions (17). 

Meta-analysis studies show that the socio-economic structure of parents 

has a substantial impact on students’ academic achievement. The 

support systems provided at home provide the basis for the academic 

success of the students. It has been found that schools with higher socio-

economic status have many significant advantages, such as teaching 

arrangements, materials, teacher experience, and teacher-student 

ratio (18). The presence of many confounding factors makes it difficult 

to establish a causal relationship between socio-economic status and 

academic achievement. However, advanced parental education levels 

may indicate that children with SLD can receive effective education in 

Table 3. Evaluation of developmental stages of cases

SLD ADHD ASD Control Test Statistics p

Word (months) 12 (9-36)b 12 (7-48)b 21 (7-48)a 12 (9-24)b χ2=10.9 0.012

Sentence (months) 24 (12-36)b 24 (12-60)b 36 (15-60)a 18 (11-48)b χ2=23.9 <0.001

Walking (months) 16 (9-36) 12 (8-30) 12 (10-24) 12 (9-18) χ2=7.9 0.050

Toilet (months) 36 (18-72) 36 (24-54) 36 (1-60) 27 (20-36) χ2=7.4 0.061

Breasting feeding (months) 10.5 (0-42) 21 (0-42) 10.5 (2-36) 18 (5-27) χ2=2.7 0.448

Self-regulation

Difficult 9 (37.5)a 7 (29.2)a 14 (56)b 3 (12.5)a

χ2=10.714 0.013
Easy 15 (62.5) 17 (70.8) 11 (44) 21 (87.5)

SLD: specific learning disorder, ADHD: attention deficit hyperactivity disorder, ASD: autism spectrum disorder, a-b: there is no difference between groups with the same letter, χ2: Kruskal-
Wallis test statistic

Table 4. Distributions of cases according to current mental disorders determined by SADS-P-T

SLD ADHD ASD

n % n % n %

ADHD 15 62.5 0 0 21 80.8

GAD 7 29.2 4 16.7 1 3.8

SAD 5 20.8 2 8.3 2 7.7

OCD 2 8.3 0 0 4 15.4

Primary Enuresis 3 12.5 4 16.7 0 0

Primary Encopresis 2 8.3 1 4.2 0 0

ODD 14 58.3 17 70.8 2 7.7

Behavioral Disorder 5 20.8 2 8.3 1 3.8

Social Phobia 2 8.3 2 8.3 6 23.1

Tic disorder 1 4.2 1 4.2 0 0

Secondary Enuresis 0 0.0 0 0.0 1 3.8

Secondary Encopresis 0 0.0 0 0.0 1 3.8

Specific Phobia 11 45.8 7 29.2 9 34.6

Major depression 4 16.7 0 0.0 0 0

Comorbid disorder (yes) 22 91.7 19 79.2 24 92.3

χ2=2.505, p=0.286. SLD: Specific Learning Disorder, ADHD: attention deficit hyperactivity disorder, ASD: autism spectrum disorder, GAD: generalized anxiety disorder; SAD: separation 
anxiety disorder, OCD: obsessive-compulsive disorder, ODD: oppositional defiant disorder, χ2: pearson chi-square test statistic
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intervention and management processes. As a result, low education 
status and unemployment of parents can be considered as an 
environmental and/or genetic risk factor for SLD in their children. There 
is a need for family-based studies in this area.

When the mental illnesses of the first-degree relatives of the cases were 
examined, it was seen that children with the neurodevelopmental 
disorder had higher rates than the control group. This rate, which 
reaches a significant level in children with SLD, is consistent with the 
relevant literature findings of neurodevelopmental disorders with a 
high level of heredity and shared genetic risk (19).

Prenatal, perinatal, and postnatal period data of the cases were 
examined. Psychological problems during pregnancy were significantly 
higher in the patient group. In the studies conducted, it is emphasized 
that exposure to perinatal stress may be one of the critical and practical 
epigenetic factors in neurodevelopmental diseases, particularly in the 
pathogenesis of ADHD and ASD (20,21). It has been reported that physical 
and mental stress experienced during pregnancy may play a role in the 
etiology by causing changes through hypothalamic-pituitary-adrenal 
axis feedback mechanisms in children (22). When the birth weeks were 
examined, a significant prematurity history was found in the ASD group. 
It has been reported that the prevalence of prematurity is increased, 
especially in ADHD and ASD diagnostic groups and that there may 
be an increased risk between prematurity and these diseases (23,24). 
Our study supports that prematurity is a risk factor for ASD diagnosis. 
Allergy history was significantly higher in the ADHD group compared 
to the other patient groups and control group. In the literature, allergy 
skin test positivity was found to be high in ADHD patients, and in 
community-based studies, it was shown that there was a significant 
relationship between ADHD and allergic/autoimmune diseases (25,26). 
It has been reported that genes related to the immune system may be 
associated with ADHD, and hypersensitivity to environmental factors 
such as foods may contribute to the development of ADHD (27). Our 
results indicate that allergy history may be a risk factor in the ADHD 
group of neurodevelopmental disorders.

There was no significant difference between the groups in terms 
of smoking during pregnancy, mode of delivery, intra-partum 
complications, asphyxia, incubation, and seizure history. The smallness 
of our sample group may not have made a significant difference 
between the groups. In the literature, conflicting results can be seen in 
studies examining risk factors and perinatal conditions exposed during 
pregnancy. These results may arise from the methodological differences 
of the studies (28).

When the developmental stages of the cases were examined, it was 
seen that ASD patients with normal intelligence levels reached the 
developmental stage of saying at least two meaningful words and 
generate a sentence with at least two words at a later age. Delay in 
language development was not a significant clinical feature for ADHD 
and SLD. One of the essential features of infancy and early childhood 
is self-regulation. This skill has biological basics and is influenced by 
maturation and experience. Self-regulation is regulating the motor 
activity, affect, and increased and decreased endocrine and autonomic 
responses. It includes attachment-detachment, attention, behavioral 
inhibition, and self-appeasement (29). When the infancy and early 

childhood periods of participants were examined, it was seen that 
children with ASD had significant difficulty in developing these skills, 
and they were defined as “difficult babies” by their mothers.

The diagnostic groups were evaluated for the present psychiatric 
disorders with SADS-P-T. The most common associations in the diagnosis 
groups were ADHD and oppositional defiant disorder (ODD) in the SLD 
group, ODD and Specific Phobia in the ADHD group, and ADHD and 
Specific Phobia in the ASD group. The incidence rates of comorbid 
disorders were consistent with the literature (30,31). It was found that 
92% of the SLD group, 79% of the ADHD group, and 92% of the ASD group 
had at least one comorbid psychiatric diagnosis. It was found that the 
high incidence rate in the SLD and ASD groups was highly dependent on 
the comorbidity of ADHD.

Study Limitations

In our study, although there was no age and gender difference between 
the groups, equal gender recruitment within the groups could make 
the groups more homogeneous. The comorbid diagnosis of the patient 
groups may have impaired the homogeneity of the groups. Taking larger 
samples by checking all the comorbidities will strengthen the study 
data. Information from families may be considered as a limitation as it 
may show recall bias.

Conclusion
Regarding the independent risk factors investigated in this study, 
parental education level, parental employment status, monthly income 
of the family and psychiatric disease history in first degree relatives 
were related to SLD risk, history of prematurity and early self-regulation 
difficulties were related to ASD risk, and allergy history was related to 
ADHD risk. No significant single risk factor for all groups was identified. 
This suggests that further studies are needed to learn about the many 
different risk factors that contribute to neurodevelopmental disorders 
and to show how they can potentially interact.
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