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Summary

Aim. Assessment of the prevalence of risk factors associated with the course of pregnancy
and childbirth and the condition of the child after birth in a group of children and adolescents
with ADHD and a control group.

Material. 205 unrelated children and adolescents diagnosed with ADHD and 106 primary
and secondary school students aged 7-17.

Method. Mothers of children and adolescents diagnosed with ADHD, and those from the
control group, were asked to provide a medical history in order to obtain data to supplement
the Pregnancy and perinatal history questionnaire.

Results. Statistically significant differences (p < 0.05) were demonstrated for the incidence
rates of factors related to the course of pregnancy and childbirth such as: the occurrence of
maternal diseases during pregnancy, especially in the I/II trimester, and other problems dur-
ing pregnancy; exposure to stress and taking medication during pregnancy; smoking during
pregnancy; mother’s age at childbirth, i.e., < 25 years or > 35 years; use of pain reducing
substances during labor and problems with the child during the delivery; an APGAR score in
the range of 5-7 points; the occurrence of neonatal jaundice necessitating treatment, especially
replacement transfusion; physical anomalies or other congenital problems in the newborn,
as well as adaptive problems necessitating neonatal oxygen administration or placement in
an incubator.

Conclusions. Significantly more frequent occurrence of risk factors related to the course
of pregnancy, childbirth and the child’s condition after birth in the ADHD group may indicate
their potential role in the etiology of ADHD.
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Introduction

Attention deficit hyperactivity disorder (ADHD) occurs worldwide, in all cultures.
Its worldwide prevalence is estimated at an average of about 5.3% in the population
of children and adolescents, and its etiology is multifactorial. About 80% of ADHD
causes have a genetic basis [1, 2], the remaining 20% are related to the influence of
environmental factors [2, 3]. In the context of observations on the significance of the
environmental impact on genetic material (Gene-Environment Interactions — GxE),
and thus the expression of genes and the final clinical picture of disorders, the envi-
ronmental factors, especially those related to the course of pregnancy and childbirth,
become particularly important [4]. Study results indicate a greater risk of the symptoms
of the disorder as a consequence of prenatal factors such as: cigarette smoking during
pregnancy [5-9], alcohol consumption during pregnancy [10, 11], combined effects
of nicotine and alcohol [12], poor quality of life of the pregnant woman associated
primarily with the experience of excessive stress during pregnancy, the occurrence
of depression in the pregnant woman [4, 7, 13], low socio-economic status, and the
mother’s lack of education [10]. Research also shows a relationship between attention
deficit hyperactivity disorder and parameters describing the condition of the newborn,
such as: low birth weight [14, 15], prematurity [16], low APGAR score [17-19], high
hyperbilirubinemia [20, 21]. The above observations justify continuing research into
the role of environmental factors in the etiology of ADHD.

Aim

The aim of the study was an assessment of the prevalence of risk factors associ-
ated with the course of pregnancy and childbirth and the condition of the child after
birth, in a group of children and adolescents with ADHD and a control group, and
intergroup comparisons.

Material

205 unrelated children and adolescents aged 7—17 (mean age 10.8, SD = 2.7),
including 187 boys (91%) and 18 girls (9%), diagnosed with attention deficit hyper-
activity disorder took part in the study, all of whom were patients at the psychiatric
ward or the outpatient psychiatric clinic (the ADHD group). Diagnosis of attention
deficit hyperactivity disorder was based on DSM-IV-TR [22] and ICD-10 [23] di-
agnostic criteria. In the test group, patients with combined type ADHD according to
DSM were the most numerous (n = 147; 71.7%), followed by predominantly inat-
tentive type ADHD (n = 45; 22%). Additionally, 6.3% (n = 13) of the test subjects
were diagnosed with predominantly hyperactive-impulsive type ADHD. Exclusion
criteria from the test group were: diagnosis of schizophrenia, bipolar disorder, overall
developmental disorders or somatic disorders, and lack of consent for participation
in the study.
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The control group consisted of 106 healthy primary and secondary school students
from Warsaw and the surrounding area, aged 7-17 (mean age 10.6, SD =2.7), includ-
ing 64 boys (60%) and 42 girls (40%) (selection based on age and gender criterion),
who have never used psychological, psychiatric or psychotherapeutic services, and
who were unrelated to the patients (the above information was obtained on the basis
of a medical history collected by the doctor conducting the study).

Method

Research tools

Structured history questionnaire towards attention deficit hyperactivity disorder
according to ICD-10 and DSM-1V [24] — a structured medical history interview, con-
sisting of 18 questions regarding the presence and severity of individual symptoms of
attention deficit hyperactivity disorder, and questions about the child’s functioning and
the presence of other mental disorders. It allows to determine the diagnosis and define
the type of the disorder (predominantly inattentive type, predominantly hyperactive-
impulsive type, combined type). The severity of symptoms is assessed on a four-level
scale from 0 to 3. Answers “no” (0) and “probably no” (1) are coded as no symptoms,
answers “mostly yes” (2) and “yes” (3) are coded as the presence of a symptom.

Pregnancy and perinatal history questionnaire — consists of about 40 questions
regarding the course of the pregnancy, the perinatal period, and early child develop-
ment (modification of the questionnaire by Buka et al., 2000 [25]). It contains detailed
questions about: (1) maternal diseases before conception; (2) course of the pregnancy:
maternal diseases during pregnancy, nausea and vomiting, mother’s weight, hyper-
tension, seizures, falls and injuries, amount of amniotic fluid, spotting and bleeding,
risk of premature delivery, premature rupture of the amniotic sac, serological conflict,
exposure to stress, medication intake, smoking, alcohol consumption, use of drugs and
medication of unknown origin; (3) factors related to the course of delivery: maternal
age at the time of delivery, single/multiple delivery, delivery date, type of delivery,
use of induction drugs, use of labor pain reducing substances, child position during
delivery, changes in the amniotic fluid, problems with the placenta, bleeding during
delivery, problems with the child during delivery, wrapping of umbilical cord around
the child’s neck; (4) factors related to the condition of the child after birth: body
weight, APGAR score, neonatal oxygen administration, indications for and placement
in an incubator, neonatal jaundice and type of treatment, physical anomalies and other
congenital problems.

Research procedure

In order to verify the diagnosis in the ADHD group, the structured history ques-
tionnaire towards attention deficit hyperactivity disorder according to ICD-10 and
DSM-1V was conducted. Next, mothers of the patients diagnosed with ADHD and those
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from the control group were asked for a medical history (also based on data from the
Child’s Health Book) in order to obtain data needed to complete the Pregnancy and
perinatal history questionnaire. The study was approved by the Bioethics Commission
at the Medical University of Warsaw (MUW).

Statistical analysis

The Kolmogorov-Smirnov test was used to check the normality of variable dis-
tributions. Descriptive statistics were used: numerical and percentage frequencies,
means, standard deviations. The chi-squared test was used to compare the distribution
of results. The significance of differences between means was analyzed using student’s
t-test or one-way analysis of variance, and in the absence of normal distribution the
Mann-Whitney test was used. The significance level was p <0.05. The analyses were
carried out using the SPSS statistics package.

Results

The analyses did not take into account “I don’t know” answers. Information on
individual variables were not always obtained from all respondents, hence the analyses
of factor significance were carried out for groups of varying sizes.

Factors associated with the course of pregnancy

Statistically significant differences between ADHD and control groups were found
with respect to eight variables. The occurrence of maternal diseases during pregnancy
was confirmed in 34.7% of the responders from the ADHD group and 14.4% from
the control group (p = 0.0001). In the ADHD group, maternal diseases occurred most
frequently in the I/II trimester (56.4 %), in almost one third of respondents (30.9%)
they lasted throughout the entire pregnancy. The group of women who were ill dur-
ing the III trimester was the least numerous (12.7%). In turn, in the control group,
the majority of women declared health problems throughout their entire pregnancy
(66.7%), and every third mother (33.3%) reported that she was ill in the III trimester
of pregnancy. Other problems during pregnancy (not mentioned in the questionnaire)
concerned 14.5% of mothers in the ADHD group and 3.8% of women in the control
group (p = 0.005).

Exposure to stress or emotional problems during pregnancy were confirmed by
53.8% of mothers in the ADHD group, most often during the entire pregnancy (57.3%),
more than a third (36.0%) experienced them during the I/II trimester, and 6.7% during
the I1I trimester. In the control group, exposure to stress or emotional problems during
pregnancy affected 27.6% of women, of which 42.9% declared such problems in the 111
trimester of pregnancy, 28.6% in the I/II trimester or throughout the entire pregnancy.
Over 40% of mothers in the ADHD group (43.5%) used medication during pregnancy,
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and the number of women in the control group who declared taking medication during
pregnancy was 31.4% (p = 0.047). In the ADHD group, the use of medication most
often took place during the entire pregnancy (49.3%), in more than a third of women
(36.2%) during the I/II trimester, and in the case of 14.5% during the III trimester (no
analysis of the type of medication was conducted). In the control group, the majority
of women declared taking medication during pregnancy in the III trimester (46.9%).
31.3% of mothers reported that this took place in the I/II trimester, and in the case of
21.9% medication use took place during the entire pregnancy.

Most of the women in both groups did not smoke during pregnancy. Nevertheless,
more than one-fourth of mothers from the ADHD group (27.3%) and 8.5% of mothers
from the control group admitted to such behavior (»p = 0.0001). In the ADHD group,
smoking during pregnancy most frequently concerned the entire pregnancy (72.9%),
in the case of 25.0% — the I/II trimester, and in the case of 2.1% — only the III trimes-
ter. Similarly, in the control group, the majority of women declared smoking during
pregnancy throughout its duration (88.9%), and in the case of 11.1% it was in the I/II
trimester. Detailed data are presented in Table 1.

Table 1. Incidence of risk factors associated with pregnancy in the ADHD and control groups
(variables for which statistically significant differences were demonstrated)

ADHD group | Control group
Factor Answer p
n (%) n (%)
Maternal diseases during pregnanc yes 61(34.7) 15(144) 0.0001
i uri .
g pregnancy o "5(653) | 89(856)
_ . _ . I/l trimester 31(56.4) 0(0.0)
Period du.nng which maternal diseases Il trimester 70127) 5(333)
occurred in pregnancy 0.0001
entire pregnancy 17 (30.9) 10 (66.7)
) yes 24 (14.5) 4(3.8)
Other problems during pregnancy 0.005
no 142 (85.5) 101 (96.2)
Stress or emotional problems during yes 91(53.8) 29 (27.6) 0.0001
pregnancy no 78 (46.2) 76 (72.4) '
_ . _ ‘ /Il trimester 32 (36.0) 8 (28.6)
Period during whlch stress and emotional Il trimester 6(67) 12 (429) <0.001
problems occurred in pregnancy
entire pregnancy | 51(57.3) 8 (28.6)
. , yes 73 (43.5) 33(31.4)
Medication during pregnancy 0.047
no 95 (56.5) 72 (68.6)
. . . o I/l trimester 25(36.2) 10 (31.3)
Penod during which medication was taken Il trimester 10 (14.5) 15 (46.9) 0.001
in pregnancy
entire pregnancy 33 (49.3) 7(21.9)
) , yes 48 (27.3) 9(8.5)
Smoking during pregnancy 0.0001
no 128 (72.7) 97 (91.5)
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There were no statistically significant differences between the ADHD group
and the control group in variables such as: maternal diseases before conception,
nausea and vomiting during pregnancy, too low or too high maternal weight during
pregnancy, falls, maternal injury during pregnancy, amniotic fluid amount, spotting,
bleeding during pregnancy, doctors’ concerns about the possibility of miscarriage
or premature labor due to unremitting staining, pregnancy-induced hypertension,
maternal epilepsy during pregnancy, premature rupture of the amniotic sac, alcohol
consumption during pregnancy, drug use and use of medication of unknown origin
during pregnancy.

Factors associated with delivery

Statistically significant differences between ADHD and control groups were found
in relation to variables such as: mother’s age at delivery, the use of pain reducing sub-
stances during delivery, and problems with the child during delivery. In both assessed
groups, the majority of mothers at the time of childbirth were in the 25-35 age group
(55.5% of mothers in the ADHD group and 73.6% of mothers in the control group).
In the ADHD group, over a third of women (37.5%) gave birth to a child before the age
of 25 and 8.8% after 35 years of age. In turn, in the control group, mothers <25 years
of age accounted for 20.8% of respondents, and mothers >35 years of age for 5.7%.
Over half of mothers from the ADHD group (54.8%) and 71.6% from the control group
gave birth without anesthesia. Perinatal anesthesia was used in 45.2% of mothers from
the ADHD group and 28.4% of mothers from the control group (p = 0.009). Nearly
one-fourth of mothers from the ADHD group (24.4%) reported that complications
occurred at the time of delivery (not analyzed), as opposed to 9.8% in the case of the
control group (p = 0.003). Detailed data are presented in Table 2.

Table 2. Incidence of risk factors associated with delivery in the ADHD and control groups
(variables for which statistically significant differences were demonstrated)

ADHD group | Control group
Factor Answers p
n (%) n (%)
<25 years 65 (37.5) 22(20.8)
Age of mother at delivery 25-35years | 101 (55.5) 78 (73.6) 0.009
>35 years 16 (8.8) 6(5.7)
. . , ' yes 66 (45.2) 27 (28.4)
Use of pain reducing substances during delivery 0.009
no 80 (54.8) 68 (71.6)
Incidence of problems with the child during yes 43 (24.4) 10(9.8) 0.003
delivery no 133 (75.6) 92 (90.2) '

There were no statistically significant differences between the ADHD group and
the control group in terms of variables such as: single/multiple delivery, date of deliv-
ery, type of delivery, use of induction drugs, child position during delivery, changes
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in amniotic fluid, problems with the placenta, bleeding during delivery and problems
with the umbilical cord being wrapped around the child’s neck.

Factors associated with the condition of the child after birth

Statistically significant differences between the ADHD group and the control group
were found for variables such as the APGAR score, neonatal oxygen administration,
placement in an incubator, neonatal jaundice and its treatment, especially with the use
of replacement transfusion, the presence of physical anomalies or other congenital
problems, and other problems in the neonatal period. In both assessed groups, newborns
after delivery usually received high scores on the APGAR scale, in the range of 8-10
points. In the control group, a higher percentage of newborns had a very low score,
i.e., 1-4 points (9.0% vs. 6.6% in the ADHD group). In turn, in the ADHD group, the
percentage of children with a score in the range of 5—7 points was 12.1% compared to
3.8% in the control group (p = 0.003). In the ADHD group, the percentage of children
who required oxygen administration after delivery was 15.5% compared to 6.6% in
the control group (p = 0.033). Newborns from the ADHD group were placed in an
incubator just after delivery significantly more often when compared to the control
group (26.2% in the ADHD group vs. 5.7% in the control group; p = 0.0001).

Jaundice was observed in 66.1% of newborns in the ADHD group and in 50.0%
of newborns in the control group (p = 0.008). Newborns from the ADHD group were
treated for jaundice significantly more often than the newborns in the control group
(52.7% in the ADHD group vs. 21.0% in the control group; p = 0.0001). In 21.7% of
children from the ADHD group, jaundice was treated with replacement transfusion
(vs. 0.0% in the control group) and in 73.9% phototherapy was used (vs. 86.4% in the
control group). Among the newborns in the ADHD group doctors determined physical
abnormalities or congenital problems significantly more often (21.5% in the ADHD
group vs. 8.5% in the control group; p = 0.005). The mothers in the ADHD group de-
clared significantly more frequent incidences of problems with the child in the neonatal
period (types of problems were not analyzed) (42.9% in the ADHD group vs. 8.6% in
the control group; p = 0.0001). Detailed data are presented in Table 3.

Table 3. Incidence of risk factors associated with the condition of the child after birth

in the ADHD and control groups (variables for which statistically significant
differences were demonstrated)

Factor Answer ADHD group Control group 0
n (%) n (%)
14 12 (6.6) 1(9.0)
APGAR score 57 22 (12.1) 4(38) 0.003
8-10 148 (81.3) 101 (95.3)
Neonatal oxygen administration yes 20(155) 7(65) 0.033
no 109 (84.5) 99 (93.4)

table continued on the next page
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44 (26.2 6(5.7
Placement in an incubator yes (26.2) 1) 0.0001
no 124 (73.8) 100 (94.3)
- yes 111 (66.1) 53 (50.0)
Neonatal jaundice 0.008
no 57 (33.9) 53 (50.0)
o yes 48 (52.7) 22 (21.0)
Neonatal jaundice treatment
no 43 (47.3) 83(79.0) 0.0001
phototherapy | 47 73.g) 19.(86.4)
Jaundice treatment method replacement 5(217) 0(0.0) 0.048
transfusion
ofher 1(4.3) 3(13.6)
Physical anomalies or other yes 38(21.5) 9(8.5) 0.005
congenital problems no 139 (78.5) 97 (91.5) '
, ) yes 75 (42.9) 9(8.6)
Problems in the neonatal period 0.0001
no 100 (57.1) 96 (91.4)

No statistically significant differences were determined between the ADHD and
control groups in relation to the child’s birth weight.

Discussion

The Pregnancy and perinatal history questionnaire used in the study is a modifica-
tion of the questionnaire by Buka et al. [25] (originally used to assess the number of
obstetric complications and the reliability of foetal-perinatal history in patients diagnosed
with schizophrenia). 90% of the ADHD group were boys, which reflects the typical
sex distribution in studies with children diagnosed with attention deficit hyperactivity
disorder [26]. Patients with the combined type ADHD were most numerous, which is
consistent with reports of clinically treated populations (combined type ADHD consti-
tutes approximately 60% of all diagnoses [27]). There were no statistically significant
differences in the results obtained for subgroups identified by gender, hence further
analyses and comparisons were made for entire groups without gender divisions (i.e.,
ADHD group and control group). Therefore, it can be assumed that differences in gender
distribution in the ADHD and control groups do not affect the final results.

Risk factors associated with the course of pregnancy and delivery

Statistically significant differences between the assessed groups concerned the
incidence of maternal diseases and other problems in the I/II trimester, mother’s ex-
posure to stress throughout the pregnancy and medication intake, as well as cigarette
smoking during pregnancy, the mother’s age at delivery being <25 years of age or
>35 years of age, use of pain reducing substances during delivery and problems with
the child during delivery.
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The incidence of diseases during pregnancy affected more than a third of moth-
ers from the ADHD group. Most of them were upper respiratory tract infections with
temperatures not exceeding 38°C. More than half of these infections took place at the
beginning of pregnancy — in the I/II trimesters, and in almost a third of the women
(30.9%) this concerned the entire pregnancy period. A literature review yields reports
confirming that exposure of the mother during pregnancy to various infections, espe-
cially viral infections, may be a risk factor for the development of ADHD. Viruses,
which potentially increase the risk of ADHD, include the rubella virus, chickenpox,
measles, influenza, or enterovirus 71 [28]. In addition, the importance of streptococ-
cal infections is emphasized [29]. Other pathogens that may have a negative impact
on the developing central nervous system (CNS) of the fetus and the emergence of
symptoms of attention deficit hyperactivity disorder are cytomegalovirus and HIV
[30]. This study did not analyze which pathogens were the cause of maternal infections
during pregnancy, but it cannot be ruled out that at least some of them were caused
by those listed above. Significantly more frequent incidence of other problems during
pregnancy in the ADHD group (not mentioned in the questionnaire, including cervical
insufficiency), as well as problems with the child during delivery, may pose a potential
threat to the correct development of the fetal CNS.

In the case of exposure to stress/presence of emotional problems, most mothers
stated that those were caused mainly due to situations related to everyday problems,
including socio-economic conditions and family relations (conflicts, divorce, experi-
ence of violence). More than half of ADHD mothers reported that exposure to stress
affected the entire pregnancy period, and over a third experienced excessive stress
in the I/II trimester. The results of available studies indicate that exposure to stress
during pregnancy, and especially in the first two of its trimesters, may have important
implications in the etiology of ADHD. Research conducted by scientists from the Uni-
versity of Ottawa shows that children of women who have experienced excessive stress
during pregnancy are twice as likely to suffer from behavioral disorders and attention
deficit hyperactivity disorder [31]. In addition, studies by Rodriguez and Bohlin [32]
have shown that the experience of stress during pregnancy influences the subsequent
development of fully symptomatic ADHD, especially in boys. In turn, Grizenko et
al. [13] showed that the stress experienced by pregnant mothers is not related to the
intellectual level of children diagnosed with ADHD but is significant in relation to
the severity of symptoms. However, experiments conducted on animal models prove
that exposure to stress during pregnancy may affect structural changes in the CNS of
the offspring, and may be associated with impaired attention and functioning of the
dopaminergic system [33].

Almost half of the women in the ADHD group took medicines during pregnancy
for various reasons, including nearly 50% throughout pregnancy, and over a third in
the I/II trimesters of pregnancy. No analyses of the types of used medications were
conducted. It is well known that the use of medicines in pregnancy always carries
arisk of affecting the fetus — this factor is responsible for about 3% of developmental
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congenital abnormalities in newborns. Additionally, side effects of medicine use ap-
pear at a later age in approximately 10% of children. There are reports on the use of
antidepressants during pregnancy and the risk of ADHD in children [34]. The neces-
sity of such treatment results from the incidence of anxiety or affective disorders in
the pregnant woman, often caused by stressors. In the context of significantly more
frequent exposure to excessive stress during pregnancy in mothers from the ADHD
group, this is an important observation, although the study did not analyze whether
mothers exposed to stress were treated pharmacologically.

Cigarette smoking during pregnancy was confirmed by almost a third of women
from the ADHD group, and of those over 70% smoked throughout the entire pregnancy.
Numerous reports confirm that the toxic components of tobacco smoke are the most
common cause of low birth weight. Smoking is also associated with a higher incidence
of spontaneous miscarriage, premature delivery, ectopic pregnancy, premature rupture
of the amniotic sac, premature detachment of the placenta, as well as higher perinatal
mortality of fetuses and newborns. It is also likely to affect the incidence of emotional
and neurological disorders, also it significantly increases the risk of attention deficit
hyperactivity disorder [35].

The relationship between smoking while pregnant and ADHD could be multifacto-
rial. Firstly, pregnant women diagnosed with attention deficit hyperactivity disorder
are more likely to smoke; secondly, smoking during pregnancy is common in mothers
with hyperactive children; thirdly, smoking during pregnancy increases the risk of
ADHD. Some researchers point out that prenatal exposure to tobacco smoke, as well
as alcohol, may be associated with hyperactivity in children, but it is not a sufficient
and independent etiological factor. Nevertheless, a study by Schwenke et al. [36]
showed that children of smoking mothers often got lower APGAR scores in the first
minute of their lives, compared to children of mothers who did not smoke, and that
prenatal exposure to tobacco smoke in the first trimester of pregnancy had a significant
association with ADHD.

In turn, research on the risk of attention deficit hyperactivity disorder in the
offspring of mothers who were exposed to tobacco smoke during pregnancy (pas-
sive smoking) does not allow the formulation of final conclusions [9]. Therefore,
the question of the extent to which genetic and environmental factors determine the
presence of ADHD remains relevant. However, it can be assumed that in the case of
mothers with ADHD who smoke during pregnancy, negative genetic and environ-
mental determinants accumulate, in conjunction with the impact of environmental
factors on gene expression.

In both assessed groups, most mothers were between 25 and 35 years of age during
delivery, but in the ADHD group significantly more women gave birth before the age
of 25 or after the age of 35. Along with the mother’s increasing age, the reproductive
potential is reduced, and the risk of fetal malformations, premature births and miscar-
riages increases. In turn, a younger age, especially below 18, frequently carries a risk
of hypertension and intrauterine growth restriction. Studies carried out by Valdimars-
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dottir et al. [14] have shown that a mother’s young age significantly increases the risk
of ADHD in a child.

Nearly half of mothers from the ADHD group, significantly more than in the control
group, used perinatal anesthesia. Administering pain reducing drugs too late during
delivery may lead to suppression of the newborn’s respiratory center. However, there
are no detailed studies showing the relationship between administering drugs to reduce
labor pain and the incidence of attention deficit hyperactivity disorder in children,
hence it is difficult to unequivocally address the obtained results.

Factors related to the condition of the child after birth

In the ADHD group, there was a significantly higher percentage of newborns with
an APGAR score in the range of 5-7 points. Published research proves the relation-
ship between the APGAR score and the prognosis for the newborn — children who
got a score in the range of 0—4 points in the first and fifth minute after birth are three
times more likely to develop various neurological complications. Grizenko et al. [37]
showed that children with ADHD who received a low score in the first minute of their
lives presented more severe symptoms of attention deficit hyperactivity disorder.
Suckdorft et al. [17] pointed to a similar relationship in their study. Similarly, Zappitelli
et al. [18] claim that a score of <5 points presents a greater risk of ADHD. However,
Schvenke et al. [36] state that a score of <7 points and cigarette smoking by pregnant
mothers are associated with a significantly greater risk of developing ADHD. In this
study, there were 12 (6.6%) children with ADHD with a low APGAR score, and 22
(12.1%) children with ADHD with a score lower than or equal to 7 points, which may
indirectly indicate a significantly more frequent incidence of perinatal hypoxia in the
ADHD group.

More than half of the ADHD children had neonatal jaundice, significantly more
than in the control group. Importantly, more than half of them required treatment,
again significantly more than in the control group. Over a fifth of children from the
ADHD group were treated using replacement transfusion. These results are extremely
important in the context of data demonstrating that an excessive increase in bilirubin
can damage basal ganglia and lead to symptoms of bilirubin encephalopathy. These
complications may occur with differing severity, with various consequences: starting
from cognitive function disorders, including abstract thinking and attention disorders,
to the most severe forms of cerebral palsy. A study by Wusthoff et al. [20] showed that
significant hyperbilirubinemia increases the risk of neurodevelopmental disorders,
including ADHD. A similar relationship between the incidence of hyperbilirubinemia
and ADHD is indicated by Wei et al. [21]. Moreover, further significant intergroup dif-
ferences, such as neonatal oxygen administration, placement in an incubator, physical
anomalies or other problems in the neonatal period, may indicate a greater severity of
problems in the adaptation period in the group of children with ADHD and constitute
a risk of developing the disorder.
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Research limitations

Several limitations affect the ability to infer from the obtained results. The relatively
low sample size makes it impossible to conduct a detailed analysis of the frequency
of individual risk factors. The study was conducted in groups of people with ADHD
under psychiatric care, primarily among boys with combined type ADHD, which does
not allow for generalization of the results. There was no psychiatric examination of
children and adolescents qualified for the control group, hence it cannot be ruled out
that people with ADHD were included. Some questions in the pregnancy and perinatal
history questionnaire should be more precise (indications and groups of medications
taken by mothers during pregnancy; analysis of the type of diseases and their causes in
pregnant mothers; reasons for preterm delivery; indications for delivery by caesarean
section or using delivery tools; analysis for mother’s age at delivery <18 years of age).
There was also no analysis of the presence of attention deficit hyperactivity disorder
in mothers in the ADHD group.

Limitation of studies conducted using questionnaires are the lack of standardiza-
tion, a large variance of errors and low reliability, which are influenced by mecha-
nisms that restrict access to information (e.g., fear of judgement when admitting to
consuming psychoactive substances). Moreover, the disadvantage of research in the
ex post facto model is the inability to manipulate independent variables that have
already influenced the tested variable (the possibility of only observing the effects
of these interactions).

Conclusions

Significantly more frequent incidence of factors related to the course of pregnancy,
delivery and the child’s condition after birth, in the ADHD group when compared to
the control group, such as: incidence of diseases and other problems in mothers in
the I/II trimester, exposure to stress throughout the entire pregnancy and medication
intake, smoking during pregnancy, the age of the mother at delivery being <25 years
or >35 years, the use of pain reducing substances during delivery and the incidence of
problems with the child during delivery, an APGAR score in the range of 5—7 points,
neonatal jaundice requiring treatment, especially using replacement transfusion, physi-
cal anomalies/congenital problems, as well as adaptation problems requiring oxygen
administration or placement in an incubator, may indicate the potential role of these
factors in the etiology of psychomotor hyperactivity disorder.
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