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ABSTRACT

Aim: Dietary factors are considered one of the possible environmental risk factors for attention-deficit hyperactivity disorder (ADHD). The aim
of this study was to demonstrate the relationship between ADHD and celiac disease (CD) and non-celiac gluten sensitivity (NCGS) in children.

Materials and Methods: In this prospective study, children with ADHD, aged 6-18 years, were asked about the presence of gastrointestinal
symptoms and their relationship with gluten intake with a previously prepared questionnaire form. Also, they were screened for CD [anti-tissue
transglutaminase immunoglobulin (Ig) A and total IgA] and NCGS (anti-gliadin IgA/IgG antibodies).

Results: Of the 117 children (76% male), the mean age was 9.2+2.4 years. Ninety-six patients (82%) had no gastrointestinal complaints. There
was no relationship between gluten intake and complaints in the patients who had constipation (12.8%), recurrent abdominal pain (2.5%),
dyspeptic symptoms (1.7%), and irritable bowel syndrome (0.8%). None of the patients had anti-tissue transglutaminase IgA or IgG positivity.
Only 1(0.8%) patient had anti-gliadin IgA, and 6 (5.1%) patients had anti-gliadin IgG positivity. There was no relation between the presence of
symptoms and anti-gliadin IgG positivity (p=0.08).

Conclusion: There was no increase in the frequency of CD and NCGS in children with ADHD.
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Introduction behavior and it is a common neuropsychiatric disorder in
Wheat allergy (WA), celiac disease (CD) and non-celiac childhood. There is no consensus on the etiology of ADHD,
gluten sensitivity (NCGS) are the most common gluten- but an interaction of genetic factors and environmental
related disorders (1-3). In recent years, the relationship causes such as dietary factors have been considered as the
between neuropsychiatric disorders and gluten ingestion main trigger factors. Also, the effect of elimination diets
such as CD and NCGS has been reported (3-6). on the treatment of ADHD has been studied. The benefit
Attention-deficit hyperactivity disorder (ADHD) is of elimination of food additives from the diet has been
characterized by hyperactive, inattentive and impulsive reported in a minority of children with ADHD, but the role
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of other elimination diets such as gluten or casein-free diets
and oligoantigenic diets on the improvement of ADHD was
inconclusive in children (7,8).

Depending on the hypothesis of the effect of diet on
neurodevelopmental disorders, we aimed to evaluate the
association of ADHD and the gluten-related disorders of
both CD and NCGS in children.

Materials and Methods

The children who had been diagnosed as ADHD
according to the criteria of “Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition” in our child
and adolescent psychiatry department were evaluated for
CD and NCGS at our pediatric gastroenterology outpatient
clinic between 07.12.2015 and 01.03.2016, prospectively. First
of all, the patients and their parents were informed about
the possible relationship between ADHD and gluten-related
disorders and then they were asked if they would like to
participate in the study. Subsequently, a previously designed
informed consent form was given to the parents and their
children (>12 years old). Children aged between 6-18 years
old, diagnosed as ADHD and willing to participate in the
study with a signed informed consent form were recruited
into this study. Those children who had mental retardation,
previously known CD, or refusing to give blood samples
were excluded from the study.

The demographic findings of the patients, their
medical history, their physical examination findings and
anthropometric measurements were recorded. According
to the body mass index (BMI) of the patients, overweight
(=85%-<95%), obesity (=95%) and underweight (<5%)
were defined. Those children who had height-for-age Z-score
<-2 standard deviation were considered short stature (9,10).

In order to determine NCGS, their gastrointestinal
complaints were investigated with a previously prepared
questionnaire form which consists of the following issues;
abdominal pain, bloating, diarrhea, constipation, and
abdominal distension. In the presence of any of these
complaints in daily life, the relation to gluten intake was
investigated. If they had a gluten-related symptoms, the
following steps were planned; to give a gluten-free diet, to
follow the patient for the presence of symptoms and, if there
was an improvement within a month, to re-introduce gluten
into the diet. If the symptoms occurred after re-introducing
gluten, NCGS would be considered (11). Regardless of the
presence of symptoms, anti-gliadin (AGA), immunoglobulin
(Ig) A and IgG levels were studied in all patients.

All patients were screened for CD via anti-tissue
transglutaminase IgA antibody and total IgA levels. In

cases of low IgA levels for age, anti-tissue transglutaminase
IgCG antibody tests were studied. If the anti-tissue
transglutaminase IgA or 1gG antibody were positive, the
following procedures were planned; to perform an upper
gastrointestinal endoscopy, to take multiple biopsies
from the small bowel; 4 biopsies from the second part
of the duodenum and 2 biopsies from the duodenal bulb
for histopathological examination in order to establish a
biopsy-proven CD (12).

According to our laboratory data, the cut-off values
of anti-tissue transglutaminase IgA and 1gG, AGA IgA and
IgG were lower than 18 U/mL. Those values >18 U/mL were
accepted as a positive test.

Statistical Analysis

The data analysis was performed using the Statistical
Package for Social Sciences software 17.0. Descriptive
statistics, independent samples t-test, and the non-
parametric Mann-Whitney U test were used as appropriate,
p-values <0.05 were considered statistically significant. The
study was approved by the local ethics committee of our
hospital (protocol number: 2015/073).

Results

A total of 117 children diagnosed as ADHD, with a mean
age of 9.2+2.4 years (age range of 6-17 years) were recruited
into this study. Of these children, 89 (76%) were male.

Ninety-six patients (82%) had no gastrointestinal
complaints. Fifteen (12.8%) patients had constipation, 3
(2.5%) had recurrent abdominal pain, 2 (1.7%) had dyspeptic
symptoms, and 1 (0.8%) had irritable bowel syndrome.
Of the 15 patients with constipation, 3 (2.5%) had fecal
incontinence. None of these symptoms were related to
gluten intake (p>0.05).

The patients did not differ in terms of age and gender
according to the presence of symptoms (p=0.93, p=0.98
respectively).

The anthropometric measurements revealed obesity
in 5 (4.2%) patients and underweight in 1 (0.8%) patient
according to age- and gender-appropriate BMI. Five
(4.2%) patients were stunted and two of these were also
underweight.

None of the patients had anti-tissue transglutaminase
IgA positivity. Seven (5.9%) patients had IgA deficiency.
Of these patients, none of them had anti-tissue
transglutaminase IgG positivity.

Only 1(0.8%) patient had AGA IgA positivity (in titer 37.3
U/mL), 6 (5.1%) patients had AGA I1gG positivity but all in
low titers (<50 U/mL).
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Among those patients who had gastrointestinal
symptoms, only 14.2% (3/21 patients) had AGA IgGC
positivity. Of these, 2 patients had functional constipation,
and one patient had dyspeptic symptoms unrelated to
gluten intake. There was no relation between the presence
of these symptoms and AGA IgG positivity (p=0.08).

Discussion

CD is an immune-mediated inflammatory systemic
disorder, triggered by gluten intake in genetically susceptible
individuals. CD may present with classical form such as
diarrhea, growth failure, but more frequently with non-
classical signs (1,12). The neuropsychiatric problems such as
depression, anxiety, behavioral and personality disorders,
ataxia, migraine, epilepsy, and ADHD have been observed
in 6.8% to 33.3% of children with CD at presentation
(3-6). Additionally, children with CD were found to have an
increased risk (1.4-fold greater) for psychiatric disorders in
the future (3). Recently, Kristensen et al. (13) reported high
depression and anxiety scores in newly diagnosed adult CD
patients and improvement after a minimum 1-year gluten-
free diet.

There are limited studies that observe the relationship
between ADHD and CD in children. The diagnose of ADHD
had been found 1.2-fold higher in children with CD than
in the normal population (3). Niederhofer and Pittschieler
(14) reported a high ADHD symptomatology score after the
diagnosis of CD and a significant decrease in ADHD score
after 6 months gluten-free diet. Additionally, Niederhofer
(15) reported a high frequency of CD (14.9%) among children
and adults with ADHD. On the other hand, Gungor et al.
(16) reported 0.27% of the children with ADHD had biopsy-
proven CD which is lower than the prevalence in healthy
children (0.47%) in our country (17). In our study, none
of the patients had positive anti-tissue transglutaminase
antibody and therefore CD. This may be due to the small
size of our study population.

NCGSis a clinical condition, characterized with intestinal
and extraintestinal symptoms which are triggered by gluten
intake and resolve with gluten removal, in the absence of
CD and WA (1,2,18). The most common gastrointestinal
symptoms are abdominal distension, bloating, diarrhea,
and abdominal pain, followed by constipation, nausea,
vomiting, and heartburn. The most common extra-intestinal
symptoms are anxiety, lack of well-being, dizziness, and
trouble in focusing (1,2,18,19). In our study group, 177.9% of
the children had gastrointestinal complaints, but none of
these were related to gluten intake. The most common
complaint was functional constipation (12.8%) with a
similar prevalence to healthy children in our country (20).
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We did not investigate whether they had confusion, anxiety,
or trouble in focusing because of their primary diagnosis.

Unfortunately, there is no consensus on a screening
test for NCGS. In patients with NCGS, positivity of AGA
IgG antibodies were found more frequently than in the
general population but it still unclear that this is helpful
in diagnosing NCGS (11). In healthy people, the frequency
of AGA 1gG antibody positivity is 2% to 8% (18). ACA IgA
and IgG antibody were found in 7.7% and 56.4% of adults
with NCGS, respectively and after gluten withdrawal, a
disappearance of AGA IgG antibody was reported (1,21). In
our study, 0.8% of the patients had positive AGA IgA and
5.1% had positive AGA 1gG antibody, which is not more
frequent than in the general population.

ADHD is a common neuropsychiatric disorder in
childhood, characterized by hyperactive, inattentive and
impulsive behavior. There is no consensus on the etiology
of ADHD, but interactions of genetic and environmental
factors are thought to be the main triggering factors. Diet is
thought to be related to ADHD symptoms (7,8). In previous
studies, it was reported that a minority of children with
ADHD benefit from the exclusion of food additives, but the
role of elimination diets such as a gluten-free diet, a casein-
free diet, or oligoantigenic diets was inconclusive (8). It was
reported that approximately 33% of children with ADHD
may respond to dietary intervention in a meta-analysis
(22). The children with ADHD who ate a well-balanced
diet had lower inattention score, than those who prefer
the sweetened desserts and junk food (23). In the meta-
analysis which reviewed the randomized controlled trials
for exclusion and challenge of colorants, improvement of
hyperactivity in 8% of patients with ADHD was observed
(22). Additionally, a minority of children with ADHD benefit
from the exclusion of food additives (7). The oligoantigenic
diet, which consists of milk and dairy products, egg, soy,
peanuts, wheat and seafood elimination, demonstrated
a significant decrease in hyperactive behaviors in 64% of
children in randomized controlled trials (24). In light of
these findings that demonstrated the effect of dietary
gluten intake on ADHD, we investigated the relationship
between ADHD and gluten-related disorders, however we
could not find any relationship.

Study Limitations

The major limitation of our study is the age range (only
children) and the small number in the study population.
Though wheat and wheat-based foods play an important
role in our traditional eating pattern, the intense ingestion
of gluten in daily life leads to difficulty in revealing the
exact relationship between symptoms and gluten intake,
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especially in children with ADHD.

Conclusion

Although this study demonstrates that CD and NCGS
are not common in children with ADHD, larger sized studies
are needed.
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