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Serum Zonulin Levels and Social Cognition in Children with Attention Deficit
Hyperactivity Disorder

Dikkat Eksikligi Hiperaktivite Bozuklugu olan Cocuklarda Serum Zonulin Diizeyleri ve Sosyal

Bilis
Nihal YURTERT! ABSTRACT
- 0000-0002-4681-2210 5 Aim: Alterations in gut-brain axis of patients with attention deficit hyperactivity disorder
Ibrahim Ethem SAHIN (ADHD) have been indicated in recent studies. The aim of this study was to determine whether

0000-0003-3745-7015 serum level of zonulin, considered to be a regulator of permeability in both gut-blood and

blood-brain barriers, was associated with ADHD symptoms, and to evaluate the relationship
between zonulin and social cognition in children with ADHD.
Material and Methods: Serum level of zonulin was analyzed by enzyme-linked
immunosorbent assay (ELISA) in 40 treatment-naive children with ADHD, and age and gender
matched 40 healthy children as control group. DuPaul ADHD Rating Scale was used for
ADHD symptoms and reading the mind in the eyes test (RMET) was administered by the
clinician to examine the social cognitive abilities.
Results: We found that serum zonulin levels were significantly higher in ADHD group
compared to control group (p=0.010). Also, children with ADHD have significantly lower
RMET scores (p=0.007). Furthermore, we found statistically significant positive correlations
between serum zonulin levels and ADHD symptoms (p<0.001) and a negative correlation
Dijzce University Medical Faculty ~ between serum zonulin levels and RMET scores (p=0.001) in ADHD group.
Department of Child and Adolescent ~ Conclusion: The present study is the first to evaluate whether there is a relationship between
Psychiatry, Diizce, Turkey serum zonulin levels and social cognition in children with ADHD. The results of our study
indicate that zonulin may be associated with ADHD and social cognition. Further studies with
larger samples are required to determine the role of zonulin in ADHD.
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Amagc: Son cgalismalarda dikkat eksikligi hiperaktivite bozuklugu (DEHB) tanili hastalarin
bagirsak-beyin eksenindeki degisiklikler belirtilmistir. Bu galigmanin amaci, hem bagirsak-
kan hem de kan-beyin bariyerlerinde gecirgenligi diizenlemek i¢in bir modiilator olarak kabul
edilen zonulinin serum diizeyinin DEHB tanili ¢ocuklarda DEHB belirtileriyle iligkili olup
olmadigimi belirlemek ve zonulin ile sosyal bilis arasinda bir iliski olup olmadigini
degerlendirmektir.

Gereg ve Yontemler: Zonulinin serum diizeyi, tedavi gérmemis 40 DEHB tanili ¢ocukta ve
kontrol grubu olarak yas ve cinsiyet yoniinden eslestirilmis 40 saglikli cocukta enzime bagl
immiinosorbent testi (enzyme-linked immunosorbent assay, ELISA) kullanilarak analiz
edilmistir. DEHB belirtileri, DuPaul DEHB Derecelendirme Olgegi ile puanlanmis ve sosyal
biligsel becerileri incelemek igin ise klinisyen tarafindan gézlerden zihin okuma testi (reading
the mind in the eyes test, RMET) uygulanmustir.

Bulgular: DEHB grubunda serum zonulin diizeyleri kontrol grubuna gore anlamli olarak

Corresponding Author yiiksek olarak bulunmustur (p=0.010). Ayrica, DEHB tanili gocuklarin RMET puanlart 6nemli
Sorumlu Yazar ol¢tide disiik bulunmustur (p=0.007). Ek olarak, DEHB grubunda serum zonulin diizeyleri ile
Nihal YURTERI DEHB semptomlar1 arasinda istatistiksel olarak anlamli pozitif korelasyon (p<0.001) ve serum
yurterinihal @gmail.com zonulin diizeyleri ile RMET skorlar1 arasinda ise negatif korelasyon (p=0.001) bulunmustur.

Sonug¢: Bu ¢alisma, DEHB tanili ¢ocuklarda serum zonulin diizeyleri ile sosyal bilis arasinda
bir iligki olup olmadigini degerlendiren ilk ¢aligmadir. Caligmamizin sonuglari, zonulinin
Received / Gelis Tarihi : 12.08.2020 DEHB ve sosyal bilis ile iligkili olabilecegini gostermektedir. Zonulinin DEHB'deki roliinil
Accepted / Kabul Tarihi : 18.11.2020 belirlemek i¢in daha biiyiik rneklemlerle yapilacak ileri ¢alismalara ihtiyag vardir.
Available Online / Anahtar kelimeler: Dikkat eksikligi hiperaktivite bozuklugu; zonulin; sosyal bilis; bagirsak-
Cevrimici Yaym Tarihi : 25.12.2020 beyin ekseni.
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is the
most prevalent neurodevelopmental disorder (1-3) and
characterized by developmentally inappropriate symptoms
of inattention, hyperactivity and impulsivity (4).

Social cognition is considered to be essential for successful
social interaction and defined as the ability to understand
other’s mind and feelings (5,6). In addition to core
symptoms of ADHD, it has been indicated that children
with ADHD have difficulty in social cognitive abilities
which is supposed to be mostly interpreted in the contex of
fronto-striatal dysfunction (6-9). In a recent meta-analysis,
performance of individuals with ADHD on social
cognition was described to lie intermediate between
autistic spectrum disorders (ASD) and healthy controls (7).
Interestingly, indicating another overlapping aspect in
ASD and ADHD, the gut microbiota and gut-brain axis has
also been identified to be altered in patients with both ASD
(10,11) and ADHD (12,13). Gut-brain axis is considered
to involve the bi-directional communication between the
gastrointestinal and central nervous systems (14). Zonulin
(pre-haptoglobin 2) is known to be a modulator for
regulator of permeability in gut-blood and blood-brain
barriers via intercellular tight-junctions (15,16). Zonulin is
considered to increase permeability of the small intestine
and to contribute to the intestinal immunity (17).
Furthermore, zonulin has been described to be associated
with inflammation and autoimmunity (18,19), ASD (20)
and ADHD (21). In addition, serum zonulin has been
found to be related to social responsiveness (21).

We aimed to examine serum levels of zonulin and to
explore whether there is an association between serum
levels of zonulin and social cognition in treatment-naive
children with ADHD. We have encountered no study
investigating serum levels of zonulin and social cognition
in children with ADHD.

MATERIAL AND METHODS

Participants

This research was carried out at the child and adolescent
psychiatry outpatient clinic of Diizce University Medical
Faculty. Based on zonulin levels found in a similar study
in literature (20), the minimum sample size was calculated
as 32, with 95% confidence level and 80% power. Simple
random sampling method was used in sample selection.
The research group consisted of 40 treatment-naive
children aged between 8-12 years old diagnosed with
ADHD, and age-gender matched 40 healthy children
admitted to the child psychiatry outpatient clinic without
any psychopathology. Diagnoses and comorbidities were
determined through clinical examination based on
“Diagnostic and Statistical Manual of Mental Disorders
(DSM 5)” and the Interview Schedule for “Affective
Disorders and Schizophrenia for School-Age Children-
Present and Lifetime Version (Kiddie-SADS-PL)”, and
children with exclusion criteria were excluded from the
study. Exclusion criteria for the case group were clinically
mental retardation, autism, medical comorbidities,
comorbid psychopathologies except oppositional defiant
disorder (ODD), taking medication, having an infection
history for the last month. Exclusion criteria for the control
group were psychiatric diseases, chronic physical diseases
and having an infection history for the last month. BMI of
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all subjects, calculated according to BMI percentiles of
World Health Organization, were found to be within
normal range. All of the children gave verbal assent and
parents provided informed consent. The study was
performed in accordance with the ethical standards
established in the Declaration of Helsinki. Medical Ethics
Committee of Diizce University approved the study
(approval date: 04.03.2019, number: 2019/38).

Measures

1. Kiddie Schedule for Affective Disorders and
Schizophrenia for School Age Children-Present and
Lifetime Version (K-SADS-PL) Turkish: This interview
was developed (22) to evaluate present and lifetime
psychopathology in children and adolescents and Turkish
translation was also conducted (23,24).

2. Attention Deficit/Hyperactivity Disorder-Rating Scale-
DuPaul (ADHD-RS): This scale evaluates ADHD
symptoms according to DSM-IV criteria and contains 4-
point Likert type 18-item (25). The scale had been used in
Turkish children with ADHD (26-28).

3. Reading the Mind in the Eyes Test (RMET): RMET is
designed to test comprehension of other's mental states by
looking at eye expression (29-32). It was created by Baron-
Cohenetal. (29) in 1997, and a revised form was published
in 2001 (30). Turkish translation for children was
performed by Girli (31).

Blood Sampling and Analysis

Blood samples of all participants were drawn from
antecubital vein between 8:00 and 10:00 a.m. after an
overnight fasting. Blood samples were centrifuged at
4,000 rpm for 5 min and the serum was stored in -80 °C
until analysis time. Serum levels of zonulin were measured
using commercial enzyme-linked immunosorbent assay
(ELISA) kits according to the protocols of the
manufacturers (Elabscience, USA, cat. No: E-EL- H5560).
Analysis results were expressed in ng/mL.

Statistical Analyses

SPSS v.21 was used for the analyses. Relationships
between dichotomous variables were assessed with
Pearson chi-square test. The distribution of numerical
variables was examined by Shapiro-Wilk normality test.
Differences of continuous variables between groups, were
analyzed using Mann-Whitney U test. The correlation
between serum zonulin levels and the psychometric test
scores was evaluated by Spearman's correlation analyses.
Descriptive statistics were given as frequency, percentage,
and median, interquartile range and minimum-maximum.
A p value of 0.05 was accepted as significance level.

RESULTS

The mean age was 115.28+15.47 and 120.38+15.49 months,
for ADHD group and the control group, respectively.
Majority of the subjects were male, 80% (n=32) in ADHD
and 75% (n=30) in control groups. Because we matched
ADHD and control groups according to gender and age,
ADHD and control groups did not differ significantly
according to gender (p=0.592) and age (p=0.124).
Children in ADHD group had significantly higher scores
in terms of Du Paul ADHD-RS (p<0.001) and lower scores
in terms of RMET (p=0.007) compared to children in the
control group. Zonulin levels were found to be
significantly higher in ADHD group (p=0.010, Table 1).
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Table 1. Comparison of clinical parameters in ADHD and control groups

ADHD (n=40) Control (n=40) P
DuPaul ADHD-RS Inattentive score 16 (2) [13-19] 3(2)[1-4] <0.001
DuPaul ADHD-RS Hyperactivity score 13.5 (4) [12-18] 2 (2)[0-3] <0.001
DuPaul ADHD-RS Total score 29 (6) [26-35] 5(2) [2-7] <0.001

RMET

Zonulin

15 (2) [13-18]
97.62 (58.92) [1.71-340.71]

16 (2) [13-20]
68.27 (56.41) [1.81-199.88]

0.007
0.010

ADHD: attention deficit hyperactivity disorder, DuPaul ADHD-RS: attention deficit/hyperactivity disorder-rating scale, RMET: reading the mind in the eyes test, descriptive

statistics were given as median (interquartile range) [minimum-maximum]

In ADHD group, the correlations between zonulin levels
and age, RMET and DuPaul ADHD-RS (inattentive,
hyperactivity, total) scores were examined by Spearman's
correlation analyses. Although there was no correlation
between zonulin level and age (p=0.937), zonulin level
was found to be significantly negatively correlated with
RMET score (r=-0.498, p=0.001) and positively correlated
with inattentive (r=0.558, p<0.001), hyperactivity
(r=0.704, p<0.001), and total (r=0.697, p<0.001) scores of
DuPaul ADHD-RS (Table 2).

Table 2. Correlations between clinical parameters and
serum zonulin levels in ADHD group

Zonulin RMET
r p r p
Zonulin -0.498 0.001
RMET -0.498 0.001
DuPaul-IA 0.558 <0.001 -0.467 0.002
DuPaul-HA 0.704 <0.001 -0.643 <0.001
DuPaul-Total 0.697 <0.001 -0.611 <0.001

ADHD: attention deficit hyperactivity disorder, DuPaul ADHD-RS: attention
deficit/hyperactivity disorder-rating scale, RMET: reading the mind in the eyes test,
1A: inattentive, HA: hyperactivity

DISCUSSION

We evaluated serum level of zonulin in treatment-naive
children with ADHD with respect to ADHD
symptomatology and social cognition. We found increased
serum zonulin levels in treatment-naive children with
ADHD compared to healthy controls. Furthermore, we
found positive correlations between serum zonulin levels
and ADHD symptoms and negative correlations between
zonulin levels and RMET scores.

In literature, there are two studies examining zonulin levels
in ADHD (21,32). In one of those studies, conducted in
children with ADHD, no significant difference was found
between serum zonulin levels of ADHD and control
groups (32). However, consistent with our findings,
Ozyurt et al. (21) reported that zonulin was associated with
hyperactivity and social responsiveness in children with
ADHD. Our results are also in the same line with the study
reporting an association between social communication
problems and serum zonulin levels in children with ASD
(20). In detail, zonulin expression is considered to be
regulated by systemic inflammation in addition to local
enteric inflammation (33). Interestingly, biomarkers of
subclinical inflammation, especially interleukin-6 (IL-6),
have been proposed to regulate the gene expression of
haptoglobulin-2 encoding zonulin protein (34,35). IL-6

was reported to increase in individuals with both ASD (36)
and ADHD (37). Considering all the results of the studies
reporting zonulin increase in ASD (20) and ADHD (21),
reported association between serum zonulin levels and
social responsiveness (21) and mentioned findings in
biomarker level together, we suggest that coinciding
inflammatory processes might explain our finding of the
association between serum zonulin levels and social
cognition deficits in ADHD.

On the other hand, Ozyurt et al. (21) posited that the
relationship between zonulin and social problems in
children with ADHD might be moderated by oxytocin
functioning. This hypothesis was developed by authors
based on preclinical studies showing changes in intestinal
permeability with oxytocin (38) which was found to be
correlated with social communication skills in ASD (39),
and a clinical study reporting alterations in oxytocin
functioning in children with ADHD and social deficits
(40). Given the fact that social cognition is the
fundamental step for social communication, altered
oxytocin functioning might also be another mechanism
explaining our finding of the relationship between serum
zonulin levels and social cognition deficits in ADHD.
Alterations in zonulin levels have also been reported in
autoimmune diseases (41), obesity (42), insulin resistance
(34), type 1 and 2 diabetes (43-45), central nervous system
diseases, chronic inflammatory diseases, cancers (46,47)
and psychiatric conditions such as anxiety, depression,
acute stress provocation (48,49). Furthermore, zonulin was
also reported to be related to gut microbiota and dietary
factors (50-52). We did not examine gut microbiota or
dietary habits, however we excluded patients with medical
comorbidities  such as  chronic  inflammatory,
immunological, endocrinological, allergic diseases and
psychiatric comorbidities other than ODD, matched the
groups according to age, gender and BMI and included
only treatment- naive patients. We intended to increase the
reliability of our results with this method.

Including only treatment-naive patients, excluding
comorbidities with the K-SADS-PL, matching the groups
in terms of age, gender and BMI are the strengths of this
study. However, there are some limitations of this study.
Firstly, the sample is consisted of relatively small number
of patients. Secondly, we did not examine other factors
such as gut microbiota and dietary habits. To evaluate
social cognition in our study, we utilized one of the most
frequently used tasks in social cognition research, known
as RMET. RMET is known as an improved mind reading
test that measures mentalization skills (29). However, an
important limitation of this study is the lack of different
measures reflecting social cognition skills in ADHD.
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CONCLUSION

In conclusion, the results of our study indicate that zonulin
may be associated with ADHD and social cognition
deficits in children with ADHD. Further comprehensive
studies with larger samples are required to determine the
role of zonulin in ADHD.
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