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An evaluation of attention deficit hyperactivity disorder and
specific learning disorder in children born to diabetic gravidas:
a case control study

ismail AKALTUN," Omer Erkan YAPGA,2 Hamza AYAYDIN,® Tayfun KARA*

ABSTRACT

Objective: Children born after risky pregnancies are known to have an increased disposition to neurodevelopmental
disorders. The purpose of our study was to investigate the relationship between diabetic pregnancy and attention
deficit hyperactivity disorder (ADHD) and specific learning disorder (SLD). Methods: One hundred thirty-seven
children of mothers with diabetic pregnancies and 128 children of mothers without a history of diabetic pregnancy
were enrolled. Forty-nine of the case group had a history of insulin-dependent diabetes mellitus (IDDM) and 88 of
gestational diabetes mellitus (GDM). All participants were evaluated using The Kiddie Schedule for Affective Disor-
ders and Schizophrenia for School-Age Children (6-18) (K-SADS PL), the Wechsler Intelligence Scale for Children-
Revised (WISC-R), and the SLD Battery. The results were then subjected to statistical analysis. Results: A statisti-
cally significant difference was determined between the case and control groups in terms of levels of diagnosis of
ADHD and SLD. Significant differences were determined between verbal/performance/total IQ scores when IDDM
and GDM were compared with the control group. When the IDDM and GDM subgroups were compared among
themselves, no significant difference was determined between verbal/performance/total IQ scores. Significant varia-
tion was observed between the IDDM and GDM groups in terms of ADHD and SLD diagnoses. IQ scores decreased
as fasting blood sugar increased in all parameters. Conclusion: Significantly, more diagnoses of ADHD and SLD
were observed in children born to diabetic mothers compared to those of non-diabetic mothers. Further, wide-
ranging studies on the subject of the effect of diabetic pregnancy and blood sugar control on infant neurodevel-
opmental disorders are now needed. (Anatolian Journal of Psychiatry 2019; 20(4):442-448)

Keywords: attention deficit hyperactivity disorder, specific learning disorder, diabetic pregnant, mental health, child,
neurodevelopmental disorders
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Diyabetik gebelerden dogan ¢ocuklarin dikkat eksikligi hiperaktivite
bozuklugu ve 6zgiil 6grenme gii¢liigii agisindan degerlendirilmesi:
Olgu kontrol ¢alismasi

6z
Amag: Riskli hamileliklerden dogan ¢ocuklarda nérogelisimsel bozukluklara egilimin arttigi bilinmektedir. Calisma-

mizda diyabetik gebelik ile dikkat eksikligi hiperaktivite bozuklugu (DEHB) ve 6zgiil 6grenme giigliigii (OOG)
arasindaki iliskiyi aragtirmayi amagladik. Yontem: Bu ¢alismaya, annelerinde diyabetik gebeligi olan 137 g¢ocuk ile
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annesinde diyabetik gebelik ykiisii olmayan 128 ¢ocuk alindi. Olgu gurubunda 49 katilimcinin insiiline bagimli
diyabetes mellitus (IBDM), 88 katilimcinin gestasyonel diyabetes mellitus (GDM) &ykiisii vardi. Tim katilimcilar,
Okul Cagr Cocuklari igin Duygulanim Bozukluklari ve Sizofreni Gérlisme Cizelgesi-Simdi ve Yasam Boyu Sekli (6-
18) (K-SADS PL), Wechsler Cocuklar igin Zeka Testi (WISC-R), OOG Bataryas: ile degerlendirildi. Elde edilen
sonuglar istatistiksel olarak karsilastirildi. Bulgular: Olgu ve kontrol gruplari arasinda DEHB ve OOG tanisi oranlari
arasinda istatistiksel olarak anlamli fark vardi. IBDM ve GDM ile kontrol grubu karsilastiriidiginda sézel/performans/
toplam IQ puanlari arasinda anlamii fark saptandi. IBDM ve GDM kendi iglerinde kargilastiriidiginda sézel/perfor-
mans/toplam IQ puanlari arasinda anlamii fark saptanmadi. IDDM ve GDM gruplari arasinda DEHB ve OOG tanilar
arasinda anlamli fark oldugu gériildii. Tiim parametrelerde aclik kan sekeri (AKS) arttikca IQ puanlarinda diisiis
oldugu gériilmiistiir Sonug: Diyabetik gebelerden dodan ¢ocuklarda DEHB ve OOG tanilarinin diyabetik olmayan
gebelerden dogan g¢ocuklara gbre daha fazla oldugu goriildii. Diyabetik gebeligin ve kan sekeri kontroliiniin, bebek-
lerin nérogelisimsel bozukluklar (izerine etkisi konusunda daha genis kapsamli ¢calismalara gerek vardir. (Anadolu
Psikiyatri Derg 2019; 20(4):442-448)

Anahtar sézciikler: Dikkat eksikligi hiperaktivite bozuklugu, 6zgiil 6grenme bozuklugu, diyabetik gebe, ruh sagligi,

cocuk, norogelisimsel bozukluklar

INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is
a neurodevelopmental condition characterized
by difficulty in maintaining attention, hyperactivi-
ty and impulsivity symptoms. The reported pre-
valence is 5-10%." It is 3-5 times more common
in boys than in girls. Although various theories
have been proposed to account for the greater
incidence in boys, the reason is still unclear.
Specific learning disorder (SLD) is a neurodevel-
opmental and neurobiological disorder frequent-
ly seen in childhood and leading to function
impairment in one or more areas.? The incidence
is 3-4 times higher in boys than in girls.3 SLD and
ADHD may be comorbid. Germano et al. re-
ported SLD and ADHD comorbidity at 30-50%.4
Studies have suggested that ADHD and SLD
may be linked by genetic interaction.®® Psycho-
social and environmental factors may be impor-
tant in the progression of both diseases.” The
relation between ADHD and reading disability in
particular among learning difficulties is lined to
shared congenital factors, and studies have re-
ported that it is important, when the two condi-
tions are co-present, for both to be evaluated in
terms of treatment.*” Disturbances that affect
the baby in pregnancy and delivery (such as
asphyxia, infection, and toxic-metabolic-mecha-
nical disturbances) may cause minimal damage
in the infant brain and function impairment. Ac-
companied by neurological soft signs, this func-
tional impairment has been reported to be
capable of causing ADHD81° and SLD.".12

Diabetes mellitus (DM) in pregnancy occurs in
three forms; pre-existing type 1 diabetes
(existing before pregnancy), type 2 diabetes
existing before pregnancy, and gestational dia-
betes (initial diabetes or first diagnosis during
pregnancy).’® Research has shown that gesta-
tional diabetes accounts for the great majority of

diabetic pregnancies (87%), type 1 diabetes for
an additional 7% and type 2 diabetes for 5%.13.14
The estimated prevalence of pregnancy-related
DM is 5%.'* Malformation has been determined
in 8-8.6% of babies with diabetic mothers and in
3.8% of babies with non-diabetic mothers.'®
Perinatal complications in diabetic pregnancies
include macrosomia, hypoglycemia, respiratory
distress syndrome, polycythemia, hypobilirubi-
nemia, cardiomyopathy, congenital anomalies
and sudden infant death.'® Maternal diabetes in
pregnancy is also thought to be capable of af-
fecting the child’'s cognitive development in
association with neonatal complications."” Ma-
ternal diabetes in pregnancy may also affect
long-term cognitive ability due to altered brain
structure caused by intrauterine metabolic
changes and fetal neurodevelopmental develop-
ment.’® Although the 1Q test scores of children
born to diabetic mothers are not completely af-
fected, minor neurological damage may persist.
Alternatively, neurological damage may already
exist but may manifest in neuropsycholo-gical
abilities at later ages among previously investi-
gated individuals.™

Although individual differences make the deci-
sion difficult, children born from high-risk preg-
nancies have a tendency to developmental
delay, learning difficulties in school and a high
rate of ADHD.2° We therefore investigated
whether there is any relation between diabetic
pregnancies and ADHD and SLD.

METHODS

In this study, we aimed to compare children born
to diabetic and non-diabetic pregnancies who
delivered at Atatiirk University Faculty of Medi-
cine between 2005 and 2010 in terms of SLD
and ADHD. The families of the children identified
were contacted by telephone, and the study was
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explained to them. One hundred thirty-seven
families with a history of diabetic pregnancy and
128 families with no such history agreed to take
part. Families agreeing to participate were in-
vited, together with their children, to the Child
and Adolescent Mental Health and Diseases
Clinic, where children underwent psychiatric
evaluation. Children aged 6-12 years whose
families agreed to participate were included in
the study. Children diagnosed with another
neurodevelopmental disorder, born before 37
weeks (preterm), or with a history of head trauma
were excluded. The study content was explained
to the case and control groups and their families,
and signed informed consent forms were ob-
tained from those agreeing to take part. The
interviewer performing the evaluation was
blinded to whether the mothers of the children
attending had experienced diabetic pregnancies.
The consent form that was filled by parents was
in accordance with the Declaration of Helsinki as
amended by the World Medical Association
Declaration of Helsinki (World Medical Associa-
tion, 2013). The study was approved by the
Atatlrk University, Medical Faculty Ethics
Committee (No. 121, dated 2017).

Thirty of the diabetic subjects were under moni-
toring with a diagnosis of type 1 diabetes and 19
with a diagnosis of type 2 diabetes, while GDM
was determined in 88 mothers. We learned that
the mothers diagnosed with IDDM presented
with polyuria, polydipsia and weight loss, and
had transient or permanent glycosuria. These
were diagnosed with type 1 and 2 diabetes with
a history of metabolic acidosis, with or without
coma, and there were still mothers being follow-
up from that perspective. Diagnosis of GDM was
based on two or more positive values according
to Carpenter-Coustan’s criteria (95, 180, 155,
and 140 mg/dl) at the 100 g oral glucose
tolerance test (OGTT),?! file reviews and his-
tories taken from mothers. Participating children
were assessed by the experienced child psychi-
atrist according to the DSM-5 criteria for ADHD
and SLD. In addition, the following evaluations
have been made.

Children attending the polyclinic were admin-
istered the Turkish language version of the
Kiddie Schedule for Affective Disorders and
Schizophrenia for School-Age Children (6-18)
(K-SADS PL). The validity and reliability of the
Turkish-language version were established by
Gokler et al.?2

Learning Disabilities Symptom Checklist
(LDSC): This was developed by Korkmazlar and

is based on a questionnaire used at the Devel-
opmental Center in London, a diagnostic and
therapeutic center for children with learning
disability.?

Wechsler Intelligence Scale for Children-
Revised (WISC-R): This test was developed by
Wechsler in 1949, and revised in 1974. It was
adapted to Turkish conditions by Savasir and
Sahin in 1986.24

RESULTS

Eighty-eight of the diabetic pregnancies in our
study were diagnosed as gestational diabetes,
and forty-nine as IDDM. Sixty-five of the 137
children born to diabetic gravidas, were girls and
seventy-two were boys, while sixty-three of the
children born to normal gravidas were girls and
sixty-five were boys. Mean age at time of
delivery among the diabetic gravidas was 29.8
years, compared to 29.2 in the control group.
ADHD was diagnosed in 32 (23.36%) of the 137
children born to diabetic gravidas (seven girls, 25
boys), SLD in 22 (16.06%) (six girls, 16 boys),
and ADHD+SLD in 11 (8.03%). ADHD was
diagnosed in nine (7.03%) of the 128 volunteers
in the control group (three girls, six boys), SLD in
eight (6.25%) (two girls, six boys) SLD, and
ADHD+SLD in 4 (3.12%). Statistically significant
differences were determined in levels of ADHD
and SLD between the case and control groups
(p<0.001, p=0.011, respectively) (Table 1). Sig-
nificant differences were also determined be-
tween the case and control groups in terms of
verbal/performance/total 1Q scores (p<0.001).
No significant difference was determined be-
tween the case and control groups in terms of
age and sex distributions (p=0.118, p=0.773, re-
spectively). No significant difference was also
determined in terms of mothers’ ages in the case
and control groups (p=0.511) (Table 1).

Forty-nine subjects in the case group were from
the IDDM subgroup and 88 from the GDM
subgroup. We compared the groups’ 1Q scores
with fasting blood sugar (FBS) values. The
highest 1Q scores were determined in the control
group. We also determined a statistically signi-
ficant difference between the gestational dia-
betes group and the control group in terms of
verbal/performance/total 1Q scores (p<0.001).
Comparison of the insulin-dependent diabetes
(type 1 and 2 diabetes) group and the control
group revealed a significant difference in terms
of verbal/performance/total 1Q scores (p<0.001).
When the GDM and IDDM groups were com-
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Table 1. A comparison of characteristics and diagnosis in the case and control groups

Case Control
Number % Number % p*
Total 137 51.7 128 48.3
Male 72 52.6 65 50.8 0.773**
Female 65 48.4 63 49.2
ADHD 32 23.3 9 7.0 <0.001**
SLD 22 16.0 8 6.2 0.011**
Age Mean+SD 8.5+1.4 8.2+1.5 0.118*
Median 9.00 8.00
Mother’'s age MeantSD 29.8+6.1 29.2+6.2 0.511*
Median 28 28
Verbal IQ MeantSD 101.0x4.5 105.0+3.1 <0.001*
Median 102 106
Performance IQ Mean+SD 104.7£2.3 108.2+1.2 <0.001*
Median 105 108
Total IQ Mean+SD 102.8+1.9 106.5+1.6 <0.001*
Median 103.5 107

*: Mann Whitney U test; **: Chi-square test; SLD: Specific Learning Disorder; ADHD: Attention

Deficit Hyperactivity Disorder; IQ: Intelligence Quotient, percentage of rows

pared between themselves, we observed no
significant difference in verbal/performanceitotal
I1Q scores (p=0.162, p=0.933, p=0.029, respect-
tively) (Table 2).

ADHD was diagnosed in 18 of the 49 children
born to gravidas with IDDM, SLD in 13, and
SLD+ADHD in seven, and in 14 of the 88 chil-
dren born to gravidas with GDM, SLD in nine and
SLD+ADHD in four (Table 2). A statistically signi-
ficant difference was determined between the
GDM and IDDM groups in terms of diagnoses of

ADHD and SLD (p<0.001*, p=0.012*%, respec-
tively) (Table 2).

The mean HbA1c value in the 49 infants with
diabetic mothers (IDMs) with IDDM was 6.4+0.6,
and the mean HbA1c value in 88 IDMs with GDM
was 5.8+0.7 (p<0.001). Correlation analysis was
performed in order to analyze the relation be-
tween 1Q scores and FBS. Inverse correlation
was determined between total IQ score and FBS
values at a level of 0.438 (43.8%). This indicates
a weak correlation. A weak inverse correlation

Table 2. Comparison of group IQ scores compared to the diabetic controls

GDM IDDM Control
Number % Number % Number % p1 p2 p3

Total 88 64.2 49 35.8 128 100.0

ADHD Yes 14 15.9 18 36.7 9 7.0 0.001*  0.115* <0.001*
No 74 84.1 31 63.3 119 93.0

SLD Yes 9 10.2 13 26.5 8 6.2 0.012*  0.566* <0.001*
No 79 89.8 36 73.5 120 93.8

HbA1c 5.840.7 6.4+0.6 - <0.001*

Verbal 1Q MeanzSD 101.9+3.1 99.746.1 105.0£3.1 0.162 <0.001 <0.001
Median 102.0 102.0 106

Performance IQ MeantSD 104.6+1.8 104.8+3.1 108.3%1.2 0.933 <0.001 <0.001
Median 105.0 105.0 108

Total 1Q MeanzSD 103.2+1.5 102.3+2.4 106.6+1.6 0.029 <0.001 <0.001
Median 103.5 103.0 107

*: Mann Whitney U test, Chi-square test; p1: GDM-IDDM; p2: GDM-control; p3: IDDM-control, 1Percentage of column
Anadolu Psikiyatri Derg 2019; 20(4):442-448
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Table 3. Blood sugar and total 1Q score correlation

analysis
Pearson’s correlation p
Total 1Q - FBS -0.438 <0.001
Verbal 1Q - FBS -0.368 <0.001
Performance 1Q - FBS -0.258 <0.001

1Q: Intelligence Quotient; FBS: Fasting blood sugar

was also determined between verbal IQ and
FBS values at 0.368 (36.8%). Weak correlation
was also observed between performance 1Q
and FBS values at 0.258 (25.8%). A decrease
was observed in IQ scores as FBS increased
in all parameters (Table 3).

DISCUSSION

Although several studies have investigated the
relation between diabetic pregnancy and ADHD
(25-28), to the best of our knowledge no previous
studies have investigated the relation with SLD.
This study evaluated ADHD and SLD, important
neurodevelopmental disorders, and |Q scores in
school-age children of diabetic mothers, and
also investigated relations with PGDM and GDM.
We investigated relations between the IDDM
and GDM subgroups and ADHD, SLD and 1Q,
and performed comparisons with healthy con-
trols. We also investigated the relation between
FBS and 1Q scores.

Increased and fluctuating circulating glucose
levels and ketonemia in diabetic gravidas have
been reported to be capable of resulting in devel-
opmental changes in organs and systems in
offspring and adverse perinatal outcomes such
as alteration in brain development and hypogly-
cemia.'®'® Although some studies have shown
that exposure to maternal pregnancy has a posi-
tive effect on cognitive ability in chil-dren,13.29.30
negative associations have also been deter-
mined between maternal pregnancy glycated
hemoglobin (HbA1c) levels3!' and pregnancy
fasting blood glucose levels of insulin-treated
diabetic mothers and offspring cognitive ability.32

The positive effect of maternal diabetes on
cognitive abilities may be associated with good
control of diabetes in diabetic mothers during
pregnancy. In agreement with these last two
studies®'3?2 we determined an inverse correla-
tion, albeit a weak one, between verbal, perfor-
mance and total 1Q and FBS levels of mothers
with diabetic pregnancies. Although, in contrast

to these findings, one recent study determined
no relation between maternal glucose intoler-
ance in early pregnancy and neurodevelopment
in children aged four,3 it should be remembered
that some neurodevelopmental disorder may not
be clinically identified until the age of 12.

Low verbal IQ scores have been observed in
school-age children of mothers with GDM.25 Low
IQ scores have also been determined in children
of mothers with PGDM and acetonuria.?* In
agreement with these studies, we determined
lower verbal, performance and total IQ scores
using the WISC-R in the children of mothers with
diabetic pregnancies compared to the control
group. In contrast to these findings, normal
cognitive functions at IQ evaluation using the
WISC-R have also been determined in studies
comparing school-age children of well-controlled
diabetic mothers and healthy.3%36 In addition,
one review also reported normal cognitive per-
formance in the children of mothers with GDM.2*
However, in our study, verbal, performance and
total 1Q scores were significantly lower in the
GDM group compared to the healthy control
group. Moreover, total IQ scores were lower in
the IDDM than in the GDM group, while we
determined no statistically significant difference
in verbal or performance IQ scores.

ADHD has been shown to be more common in
the children of mothers with GDM,?5-2% while a
higher rate of inattention is seen in children of
mothers with GDM or PGDM.36 One very recent
study reported no increased risk of ADHD in
adolescent children of mothers with type 1 DM
(assessed using the Conners’ Continuous Per-
formance Test Il), although self-reported use of
ADHD medication was higher compared with a
healthy control group.’” The use of existing
ADHD drugs may therefore have prevented
detection of ADHD through the test performed.
In our analysis using a structured method
(KSADS-PL), ADHD was significantly higher in
children from diabetic pregnancies compared to
the controls. In addition, there was a statistically
significant difference in terms of ADHD between
children born from IDDM diabetic (type 1 and 2)
gravidas compared to children with GDM. Poorer
cognitive function and a higher frequency of
learning difficulties have been observed in ado-
lescent offspring of mothers with type 1 diabetes,
and these adolescents have been reported to
experience difficulties with mathematics at ele-
mentary school.?' Other studies have also re-
ported an increase in learning difficulties.2527:35.36
In the present study, we analyzed SLD using the
LDSC. In agreement with other studies, SLD was
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significantly higher in the children of mothers
with diabetic pregnancies compared to the
control group. These findings emphasize the
importance of blood sugar being kept under
control during diabetic pregnancy.

However, the study also has some limitations.
One major limitation is that the research was
performed in a limited region. Generalizing the
study to society in general may therefore be
problematic. In addition to diabetic pregnancy,
various problems deriving from other risky
pregnancies may result in learning disability and
ADHD by causing minimal brain damage. We
investigated only diabetes in pregnant women,
and other risk factors need to be assessed and
clarified in order to overcome this deficiency.
Another limitation is that we do not know whether
environmental factors after birth give rise to
learning disability and ADHD. Clarification of
other environmental factors can resolve this
limitation. Genetic factors may also increase
disposition to learning disability and ADHD.
Children born from diabetic pregnancies may be
genetically disposed to learning disability and
ADHD. Another limitation of our study is that we
did not investigate genetic and familial dispo-
sition in the children from the diabetic pregnancy
and control groups. In addition, in the socioeco-

nomic status evaluation of the patients, the
health center is a hospital where patients are
referred at every socioeconomic level due to the
fact that it is the tertiary center. In conclusion,
further studies involving larger groups from
different surroundings, and investigation of other
risk factors in pregnancy and environmental
factors after birth and genetic effects are now
needed in order to overcome these limitations.

Our study findings show that the neurodevel-
opmental disorders ADHD and SLD were more
common in children of mothers with diabetic
pregnancies, and that ADHD and SLD were
more prevalent in children of mothers with IDDM
compared to children of mothers with GDM. This
indicates that blood sugar elevation in children
exposed to high blood sugar from the first stage
of pregnancy and/or gravidas with IDDM can
increase the risk of ADHD and SLD. Lower 1Q
scores were determined in the children of
mothers with diabetic pregnancy. Control of DM
during pregnancies will contribute to preventing
not only perinatal complications, but also the
development of neurodevelopmental disorders.
Our findings and the existing literature clearly
show that further more comprehensive studies
investigating diabetic pregnancy and neurodev-
elopmental disorders are now needed.
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