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Abstract

BACKGROUND

Although the association of attention deficit hyperactivity disorder (ADHD) with
psychiatric disorders is well known, its association with somatic diseases is
unclear. Only few studies have investigated the gastrointestinal (GI) morbidity in
adult patients with ADHD.

AIM
To measure gastrointestinal comorbidity and its burden on healthcare in young
adults with ADHD.

METHODS

The cohort included subjects aged 17-35 years recruited to the Israel Defense
Forces in 2007-2013, 33380 with ADHD and 355652 without (controls). The groups
were compared for functional and inflammatory conditions of the gastrointestinal
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tract and clinic and specialist visits for gastrointestinal symptoms/disease during
service (to 2016). Findings were analyzed by generalized linear models adjusted
for background variables.

RESULTS

Compared to controls, the ADHD group had more diagnoses of functional
gastrointestinal disorders (referred to as FGID), namely, dyspepsia [odds ratio
(OR): 1.48, 95% confidence interval (CI): 1.40-1.57, P < 0.001], chronic constipation
(OR: 1.64, 95%CI: 1.48-1.81, P < 0.001), and irritable bowel syndrome (OR: 1.67,
95%CI: 1.56-1.80, P < 0.001) but not of organic disorders (inflammatory bowel
disease, celiac disease). They had more frequent primary care visits for
gastrointestinal symptoms [rate ratio (RR): 1.25, 95%CI: 1.24-1.26, P < 0.001] and
referrals to gastrointestinal specialists (RR: 1.96, 95%CI: 1.88-2.03, P < 0.001) and
more episodes of recurrent gastrointestinal symptoms (RR: 1.29, 95%CI: 1.21-1.38,
P <0.001). Methylphenidate use increased the risk of dyspepsia (OR: 1.49, 95%Cl:
1.28-1.73, P < 0.001) and constipation (OR: 1.42, 95%CI: 1.09-1.84, P = 0.009).

CONCLUSION

ADHD in young adults is associated with an excess of FGID and increased use of
related health services. Research is needed to determine if an integrative approach
treating both conditions will benefit these patients and cut costs.

Key Words: Functional gastrointestinal disorders; Irritable bowel syndrome; Dyspepsia;
Constipation; Adolescents

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The association of attention deficit hyperactivity disorder (ADHD) with
gastrointestinal morbidity and gastrointestinal-associated healthcare burden is unclear.
We measured it on a large cohort of young adults, containing 33380 subjects with
ADHD and 355652 without. We showed for the first time that ADHD is associated
with dyspepsia, chronic constipation, and irritable bowel syndrome but not with
inflammatory bowel disease and celiac disease. Furthermore, young adults with ADHD
have more frequent primary care visits for gastrointestinal symptoms and referrals to
gastrointestinal specialists. ADHD in young adults is associated with an excess of
functional gastrointestinal disorders and increased use of related health services.

Citation: Kedem S, Yust-Katz S, Carter D, Levi Z, Kedem R, Dickstein A, Daher S, Katz LH.
Attention deficit hyperactivity disorder and gastrointestinal morbidity in a large cohort of
young adults. World J Gastroenterol 2020; 26(42): 6626-6637

URL: https://www.wjgnet.com/1007-9327/full/v26/i42/6626.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i42.6626

INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a chronic condition of
inappropriate levels of inattention and/or hyperactivity-impulsiveness that interferes
with the quality of social, academic, or occupational functioning. ADHD is one of the
most common neuropsychiatric disorders of childhood, with the majority of cases
persisting through adulthood! . The estimated prevalence of ADHD in the 18-44-year
age group is 3.4% worldwidel’.

The association of ADHD to psychiatric comorbidity has been well described™”, but
its association to somatic diseases is less established. According to current literature,
ADHD is related to obesity, sleep disorders, and asthma, and may also be associated
with otitis media, allergic rhinitis, motor disturbances, urinary symptoms, migraine
and celiac diseasel'*"l.

The literature on gastrointestinal (GI) morbidity in ADHD is scarce in adults. There
are more data for children but the findings are inconsistent!"l. A few studies reported
an increased prevalence of ADHD in children with GI symptoms, such as encopresis,
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constipation, chronic diarrhea, and irritable bowel syndrome (IBS)"*'*, and others
noted higher rates of abdominal distention, abdominal pain, overweight, and food
allergy in children with ADHD!"*). Some studies, however, found no association
between ADHD and GI symptoms or body mass index (BMI)F*.

The aim of this study was to investigate the prevalence and types of gastrointestinal
comorbidities in young adults with ADHD and their burden on the healthcare system.

MATERIALS AND METHODS
Study population

In Israel, one year prior to mandatory recruitment to the Israel Defense Forces (IDF),
all eligible men of Jewish, Druze, and Circassian origin, and the majority of women of
Jewish origin, undergo a medical assessment which includes review of their primary
care medical files, medical history taking, physical examination, and if necessary,
referral for further evaluation. The findings are recorded and coded as medical profile.
If a major medical problem develops, the profile is adjusted accordingly based on type,
duration, and severity™.

The population of the present study consisted of all young adults of both sexes who
were recruited to the IDF between January 2007 and February 2013 and assigned to
active duty. This population accounts for about 50% of all Israeli young adult
population. The three main groups that are underrepresented in the database are ultra-
orthodox men and women, orthodox women and Arabs that are not recruited to active
military service. Data were collected retrospectively from the central Medical Corp
database for each participant, from recruitment until discharge from military service
(mandatory or career) or the end of the study (February 29, 2016).

The study was approved on June 29* 2015 by the institutional review board (IRB) of
the IDF Medical Corps in accordance with the Helsinki Declaration. Since it was a
database study and participants could not be identified, exemption from informed
consent was given by the IRB.

Anthropometric and sociodemographic data

Height and weight were measured by trained personnel during the obligatory medical
board examination using a stadiometer and a beam balance scale. BMI was calculated
as weight in kilograms divided by height in meters squared. The following
sociodemographic data were collected: Year of birth; age at the time of examination;
country of birth, categorized as western countries (Europe, America, Australia, South
Africa), former Soviet Union, Asia (other than the former Soviet Union; predominantly
Western Asia), Africa (other than South Africa; predominantly Maghreb), Ethiopia or
Israel; education, categorized as less than 12 years, 12 years, or more than 12 years; and
socioeconomic status, ranked on a 10-point Central Bureau of Statistics scale according
to place of residence as low (1-4), middle (5-7) or high (8-10).

Identification of recruits with ADHD

In Israel, the diagnosis of ADHD in children and adolescents is based on formal
questionnaires given to parents and teachers and objective computer-based tests and
psychologic tests as needed. All diagnoses are based on DSM and made by MDs or
psychologists, expert in this field. The study population was divided by the absence or
presence of ADHD using four sources: (1) The medical files of the primary care
physicians, reviewed as part of the medical assessment at recruitment to the IDF; (2)
The IDF medical profile; (3) Medical records during active duty documenting ICD-9
codes 314.0, 314.00 or 314.01; and (4) The IDF pharmacy database documenting
dispensation of methylphenidate. To account for the possibility that ADHD was
under-reported before and during IDF service, for the purpose of this study, any
patient who met at least one of the four criteria was considered to have ADHD. In
some of the analysis, patients who received methylphenidate were analyzed
separately from those who did not, because methylphenidate may adversely affect the
GI tract. We further divided the ADHD participants who did not receive
methylphenidate into two more groups: those who were diagnosed before recruitment
to the IDF, did not receive specific medical profile and did not seek for medical help
regarding ADHD per-se during their active medical service (mild ADHD); and those
who got a specific profile or approached their physician because of their ADHD.
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Identification of recruits with Gl symptoms/disease
Data on GI symptoms/diseases were collected from the central medical records
database of the IDF Medical Corps. Diagnoses of inflammatory bowel diseases (IBDs)
and celiac disease were based on the medical profile alone because these are major
diseases affecting medical service and therefore would need to be determined very
precisely at recruitment. For IBD and celiac disease, the diagnosis was based on
endoscopy and histologic findings, and for celiac disease also on serology. Diagnoses
of IBS, dyspepsia, and constipation were based on several sources to ensure inclusion
of only well-established cases: (1) The IDF medical profile; (2) Medical records during
active duty documenting ICD-9 codes 564, 564.1, 564.4, 564.10, 536.9 for IBS, ICD-9
code 536.8 for dyspepsia, or ICD-9 codes 564.0, 564.01, 564.02 for constipation, as
assigned by a gastroenterologist expert; or (3) Medical records during active duty
documenting these ICD-9 codes assigned by a physician other than a
gastroenterologist if the two recordings were separated by an interval of at least 6 mo.
Constipation was diagnosed for this study only after hypothyroidism, diabetes and
hypercalcemia were ruled out. Functional gastrointestinal disorder (FGID) was
defined as the presence of either IBS, dyspepsia, and/or constipation.

GI symptoms besides dyspepsia and constipation were categorized into 12 groups
based on ICD-9 codes (Supplementary Table 1).

Recurrent symptoms were defined as any of the GI symptoms recorded more than
twice during a period of 3-12 mo.

Outcome measures

Outcome measures for the present study were as follows: Diagnosis of IBS, dyspepsia,
constipation, IBD, and celiac disease; GI symptoms as the reason for a primary care
clinic visit, referral to a GI specialist, and recurrent GI complaints. Independent
variables included ADHD and other medical, demographic, and anthropometric data.

Statistical analysis

The characteristics of the participants are presented as arithmetic mean and standard
deviation (+ SD) for continuous variables or as number and percentage for categorical
variables. The association between ADHD and continuous variables was measured by
Student’s t-test and validated by Mann-Whitney test when the distribution of the
continuous variables was abnormal. The association of ADHD with categorical
variables was measured with chi-square test (y?) or Fisher’s exact test as appropriate.
For regression analysis, we used generalized linear models with ADHD as the
independent binary logistic variable. The recruits without ADHD served as the
reference group, and the confounders were the sociodemographic and anthropometric
variables. Gender and suspected confounders that showed a significant association on
univariate analysis at a P level of < 0.10 were entered into the multivariate model. All
data were generated with IBM-SPSS software, version 23 (IBM Corp., Armonk, NY,
United States).

RESULTS

Patients’ characteristics

The cohort included 389032 recruits, 41.3% female, aged 17-35 years, of whom 33380
(8.6%) had ADHD. Table 1 describes the sociodemographic characteristics of the
cohort. Data were missing on country of birth for 0.87% of subjects, socioeconomic
status for 1.63%, and education for 1.21%. Most ADHD patients (n = 23,138, 69.3%) had
mild ADHD, and only 3980 subjects (11.9%) received anti-ADHD drugs during the
study period. The ADHD group had a higher percentage of females than the control
group (43.3% vs 41.1%, P < 0.001), but this higher proportion occurred only in the mild
ADHD group. The ADHD group also had a higher mean socioeconomic class and a
higher BMI (P < 0.001 for all).

Gl-related diseases and syndromes

Compared to controls, the ADHD group had a higher rate of dyspepsia [399/10*vs
273/10% odds ratio (OR): 1.48, 95% confidence interval (CI): 1.40-1.57, P < 0.001],
constipation (129/10*vs 79/10%, OR: 1.64, 95%CI: 1.48-1.81, P < 0.001), IBS (263/10*vs
156/10¢% OR: 1.67, 95%CI: 1.56-1.80, P < 0.001) and FGID (672/10*vs 449/10¢, OR: 1.53,
95%CI: 1.47-1.61, P < 0.001). There was no between-group difference in the rate of
diagnosis of IBD [30/10*vs 31/10% OR: 0.97, 95%CI: 0.79-1.19, P = not significant (NS)]
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Table 1 Sociodemographic characteristics of young adults with and without attention deficit hyperactivity disorder

ADHD
No Yes
Number of participants 355652 33380
Gender Female 41.10% 43.30%
Male 58.90% 56.70%
Socioeconomic status Low 26.30% 14.70%
Medium 53.30% 50.30%
High 20.40% 35.00%
Education 12 94.20% 93.20%
<12 0.30% 0.10%
>12 5.50% 6.70%
Comorbidities None or mild 68.10% 63.20%
Mild to moderate 9.20% 9.80%
Moderate to severe 22.60% 27.00%
Country of origin Western countries 21.80% 25.30%
Africa 23.00% 21.70%
Asia 20.40% 25.50%
Former Soviet Union 20.00% 13.00%
Ethiopia 3.50% 1.10%
Other 0.50% 0.60%
Israel 10.80% 12.70%
BMI, mean + SD Males 21.93 £ 0.02 22.42 +0.06
Females 21.52 £0.02 21.88 £0.07
Height in cm, mean + SD Males 174.2 £ 0.03 174.4 £ 0.10
Females 162.2 £0.03 162.2£0.10

ADHD: Attention deficit hyperactivity disorder; BMI: Body mass index.
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and celiac disease (16/10*vs 15/10¢, OR: 1.03, 95%ClI: 0.78-1.37, P = NS) (Figure 1). The
effect of ADHD on the rate of dyspepsia, constipation, IBS and FGID was larger in
females, although still significant in males as well (OR for dyspepsia 1.51 in females
and 1.39 in males; for constipation, OR of 1.60 for females and 1.58 for males; for IBS,
OR of 1.83 for females and 1.47 for males; and for FGID, the OR was 1.57 for females
and 1.43 for males. P < 0.001 for all associations in both genders). Among participants
with ADHD, methylphenidate prescription was associated with an increased risk of
dyspepsia and constipation, but not of IBS, IBD and celiac disease (Figure 2). These
effects were unrelated to the severity of ADHD or the cumulative dose of the drug. On
multivariate analysis adjusted for male sex, country of origin, country of birth,
socioeconomic status, education and BMI, ADHD was significantly associated with
higher rates of dyspepsia, constipation and IBS (Table 2). The association of ADHD
with dyspepsia and constipation was more prominent in the subjects taking
methylphenidate during the study period. The association of ADHD with IBS
remained only in those not taking methylphenidate.

In order to assess the risk factors for FGID among participants with ADHD, we
compared the characteristics between ADHD with and without FGID and found that
in the ADHD group, FGID was associated with female gender, other comorbidities
and use of methylphenidate, and was negatively associated with low SES (
Supplementary Table 2).
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Table 2 Results of logistic regression of the association of attention deficit hyperactivity disorder with gastrointestinal pathology and

impact of gastrointestinal morbidity on use of healthcare resources

Univariate model Multivariate model
Methylphenidate OR 95%Cl P value RR 95%ClI P value
Celiac + 0.66 0.25-1.77 0.539
- 1.08 0.81-1.45 0.592
IBD + 0.65 0.32-1.30 0.252
- 1.01 0.82-1.25 0.919
IBS + 1.63 1.35-1.98 C0.001 1.02 0.81-1.30 0.842
- 1.67 1.54-1.80 <0.001 1.29 1.18-1.41 <0.001
Constipation + 212 1.66-2.69 <0.001 1.6 1.21-2.13 0.001
- 1.56 1.40-1.74 <0.001 143 1.26-1.62 <0.001
Dyspepsia 4 2.03 1.77-2.32 <0.001 1.75 1.49-2.06 <0.001
- 14 1.31-1.49 <0.001 12 1.11-1.29 <0.001
Total complaints + 1.82 1.55-2.12 <0.001 1.85 1.56-2.18 <0.001
- 1.26 1.17-1.35 <0.001 1.26 1.17-1.36 <0.001
Gastroenterologist referrals §iz 2.34 2.14-2.57 <0.001 2.29 2.07-2.53 <0.001
- 1.98 1.90-2.06 <0.001 1.99 1.90-2.07 <0.001
Visits in a primary care clinic ~ + i1%53) 1.50-1.57 <0.001 1.56 1.52-1.59 <0.001
- 123 1.22-1.24 <0.001 1.23 1.22-1.24 <0.001

CI: Confidence interval; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome; OR: Odds ratio; RR: Rate ratio.
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Gastrointestinal comorbidity

Figure 1 Gastrointestinal comorbidity among young adults with or without attention deficit hyperactivity disorder. ADHD: Attention deficit
hyperactivity disorder; IBD: Inflammatory bowel diseases; IBS: Irritable bowel syndrome.

Gl-related primary care physician visits, referrals to a Gl specialist and recurrent Gl
symptoms

Table 3 summarizes the association between ADHD and referral to a GI specialist
according to each GI symptom. Supplementary Tables 3 and 4 summarize the same
association for Gl-related primary care physician visits and recurrent GI symptoms,
respectively. All three tables show a positive association of heartburn and
gastroesophageal reflux disease, nausea and vomiting, abdominal pain, and diarrhea
with ADHD. On univariate analysis (Table 2), compared to controls, the subjects with
ADHD were referred more often to a GI specialist [rate ratio (RR): 1.96, 95%CI: 1.88-
2.03, P < 0.001], examined more frequently by a primary care physician for GI
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Table 3 Association of attention deficit hyperactivity disorder and reason for referrals to a gastrointestinal specialist by specific

symptom

Gastrointestinal symptom RR 95%Cl P value
Perianal symptoms 1.69 1.32-2.15 <0.001
Heartburn and GERD 2.15 1.88-2.45 <0.001
Bowel habit changes 2.04 1.36-3.06 0.001
Nausea and vomiting 2.53 2.21-2.89 <0.001
Weight loss 1.88 1.34-2.64 <0.001
Gastroenterologist referrals Abdominal pain 1.94 1.84-2.04 <0.001
Rectal bleeding and melena 1.62 1.39-1.89 <0.001
Abdominal gas and bloating 1.58 1.13-2.22 0.008
Diarrhea 2.05 1.88-2.23 <0.001
Abdominal mass 0.98 0.30-3.24 0.973
Others 2.72 1.56-4.77 <0.001
Overall 1.96 1.88-2.03 <0.001

CI: Confidence intervals; GERD: Gastroesophageal reflux disease; OR: Odds ratio; RR: Rate ratio.

Miethyiphenidate = 3980 Muorp = 33380
P=0.01
600 550
500
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400 375
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Figure 2 Association between gastrointestinal comorbidity and methylphenidate prescription to young adults with attention deficit
hyperactivity disorder. ADHD: Attention deficit hyperactivity disorder; IBD: Inflammatory bowel diseases; IBS: Irritable bowel syndrome.

symptoms (RR: 1.25, 95%ClI: 1.24-1.26, P < 0.001) and had more episodes of recurrent
GI symptoms (RR: 1.29, 95%ClI: 1.21-1.38, P < 0.001). The association of ADHD with
increased use of health resources was independent of methylphenidate prescription,
although its magnitude was higher in the subjects taking the drug (Table 2). Among
ADHD patients, medical visits due to weight loss were higher only in those who had
not received medications. On multivariate analysis adjusted for male sex, country of
origin, country of birth, socioeconomic status, education, and BMI, ADHD (with or
without medication) was significantly associated with primary care visits for GI
symptoms, referrals to a GI specialist, and recurrent GI symptoms (Table 2).

DISCUSSION

The present study of a large cohort of young adults with ADHD showed that ADHD is
associated with an increased rate of comorbid FGID (IBS, constipation, and dyspepsia)
but not with somatic immune-mediated GI conditions, such as IBD and celiac disease.
In addition, the ADHD group had a significantly increased rate of primary care visits
for GI symptoms, referrals to GI specialists, and recurrent GI symptoms than the
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control group, pointing to the high burden of GI morbidity in individuals with ADHD
on healthcare resources. These associations were not related to the use of
methylphenidate, although those who received methylphenidate had a higher relative
risk of all the measured outcomes except IBS.

The largest study to date on physical comorbidities of ADHD was a symptom-based
survey of a nationally representative sample in the United States". The results
showed a significant association between ADHD and "serious stomach or bowel
problems" which were not specified or categorized by type (inflammatory or
functional). Another population-based survey revealed an association between ADHD
and recurrent complaints of vomiting and diarrhea within the previous 2 wk or
frequent diarrhea and colitis.

Psychiatric comorbidities are known to be more common in patients with ADHD,
particularly depression, anxiety, and bipolar disorder!*. Unfortunately, since young
adults with major psychiatric illnesses are not eligible for recruitment to the IDF, we
were not able to study the association between FGID and major psychiatric
comorbidities in our cohort. The increased utilization of healthcare services by the
ADHD population, as shown in our study and in others®], can be partially explained
by the mental stress associated with serving in the army and by these psychiatric
comorbidities, respectively. Therefore, patients with ADHD who have GI symptoms
might best be treated with an integrative approach by a multidisciplinary team of
primary care physician, GI specialist, and psychiatrist.

The association between ADHD and IBS or dyspepsia has not been intensely
investigated. There are studies of ADHD and constipation but the results are
controversial”'**>>*1. The present study yielded a positive association between ADHD
and constipation that was more prominent in the patients receiving methylphenidate
(RR: 1.60 vs 1.43, P < 0.01).

The relatively high prevalence of constipation and FGID in patients with ADHD has
several possible explanations. First, it may be attributable to a miscommunication or
impaired cross-talk between the central and enteric nervous systems, resulting in
altered perceptions of intestinal distension and disordered GI motility!". Second, a
single neurobiological mechanism may underlie both disorders. This possibility is
supported by the known association of ADHD with urinary voiding dysfunction!*!.
Third, the behavioral disorders and the high rate of comorbid psychiatric disorders in
individuals with ADHD may be related to the pathogenesis of FGID*}, and fourth and
most interesting, an evolving hypothesis suggests an important role of the gut-brain
axis and intestinal microbiota in modulating ADHD, therefore explaining the overlap
between ADHD and FGIDP**1.

In contrast to FGID, immune-mediated conditions such as IBD and celiac disease
were not associated with ADHD. A previous small study of 50 children reported a
higher prevalence of ADHD among those with IBDF” but, unlike our study, it did not
examine the rate of IBD in patients with ADHD. Likewise, several studies found a
higher rate of ADHD among patients with celiac diseasel” !, but whether celiac
disease is more prevalent among patients with ADHD is less clear” ™. In a recent
systematic review of eight studies of ADHD and celiac disease, Ertiirk ef al*”
concluded that the results were inconsistent, as only three reported a positive
correlation. It is worth mentioning that a recently published study from Germany,
showed an association between childhood ADHD and immune-mediated diseases,
such as type I diabetes, juvenile rheumatoid arthritis and asthma; however, no
association was recorded with IBD and celiac disease™!.

Methylphenidate prescriptions were given to 3980 participants (11.92%) during the
study period. We considered the receipt of medical treatment a marker of severe
disease. However, methylphenidate itself has been associated with adverse GI effects,
mainly abdominal pain, decreased or loss of appetite, weight loss, nausea, and
vomiting. Indeed, the methylphenidate-treated subjects had a higher relative risk for
most of the ADHD-associated outcome measures than the untreated subjects.
Moreover, the association of methylphenidate with symptoms of nausea, vomiting,
and abdominal pain was high in the assessment of medical visits to either primary care
physicians or GI specialists. This finding may have been due either to side effects of
the drug or the effects of a more severe form of ADHD.

Since we used a broad definition of ADHD, the rate of ADHD in our population
(8.5%) was higher than previously published™; the majority of ADHD cases in the
study (69.3%) had mild ADHD, and did not consume anti-ADHD drugs or seek help
for ADHD symptoms during military service. Nevertheless, ADHD remained
associated with FGID (IBS, dyspepsia and constipation) regardless its severity.

The association between ADHD and Gl-related functional morbidity may affect
clinical decisions and treatment. Attention should be addressed to GI problems in
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patients with known ADHD, including a careful medical history focused on Gl-related
morbidity, so as not to miss some of the common GI problems. The presence of ADHD
in a patient with GI symptoms, normal laboratory results and no red flags may by
itself support the diagnosis of a functional GI disorder. Since FGIDs are now
considered disorders of gut-brain interaction and centrally acting neuromodulators are
amongst the mainstays of refractory FGIDs, these drugs may be considered in treating
patients suffering from both FGID and ADHD.

Previous studies of Gl-related comorbidity in ADHD were performed in children;
this is the first study to focus on young adults. The main strength of this population-
based study is its large size: 389032 participants of whom 33380 had ADHD. Moreover,
our control group was well defined and based on a representative sample of the
general population. We based the diagnosis of ADHD on medical documentation and
not parental or patient reports, which also eliminated the risk of recall bias. Since
methylphenidate is associated with substantial GI morbidity, we stratified our data
regarding to medication consumption.

The present study has some limitations. We used a broad definition of ADHD, so
some of the participants in the ADHD group may have had a mild form of the disease
or inactive disease based on childhood medical reports. Our dependence on ICD-9
coding may have allowed for the inclusion of misdiagnoses, and diagnoses that were
not strictly based on the ROME criteria; although, our strict criteria for the diagnosis of
FGID in terms of duration of symptoms may have helped to overcome this limitation.
Also, dyspepsia in this study is mainly uninvestigated dyspepsia, since upper GI
endoscopy and Helicobacter pylori testing were not requested. Since the study design
was cross-sectional, our results can show only an association between ADHD and GI-
related morbidity but not causality. The medication data should be interpreted with
caution because it is based on prescriptions and not on confirmed consumption.

CONCLUSION

In conclusion, ADHD is associated with FGID and a high need for Gl-related health
services. This study emphasizes the complex interaction between mind and body.
Further research is needed to explore the possible combination of treatment of FGID
with the neuropsychological therapeutic modalities for ADHD, and to determine if the
presence of ADHD can assist in the diagnosis of FGID.

ARTICLE HIGHLIGHTS

Research background

Attention deficit hyperactivity disorder (ADHD) is a very common chronic condition
of inappropriate levels of inattention and/or hyperactivity that interferes with the
quality of social, academic, or occupational functioning. Although ADHD is associated
with some gastrointestinal (GI) symptoms in children, the association of ADHD to GI
disorders in adults is not well characterized.

Research motivation

The motivation for the research came from the clinical observation that many young
adults attending the GI clinic with functional gastrointestinal disorders (FGID)
mention ADHD as a chronic condition they suffer from. Therefore, we decided to
conduct a study to confirm this association. Finding an association between ADHD
and Gl-related functional morbidity might affect clinical decisions and treatment; in
such patients who have both ADHD and FGID, treatment should be taken by an
integrative approach combined of a multidisciplinary team of primary care physician,
GI specialist, and psychiatrist, and centrally acting neuromodulators should be
considered in the treatment plan.

Research objectives

The aim of this study was to investigate the prevalence and types of GI comorbidities
in young adults with ADHD and their burden on the healthcare system. Indeed, we
found an association between ADHD and FGID, such as irritable bowel syndrome
(IBS), dyspepsia, and chronic constipation. ADHD was not associated with IBD or
celiac disease.
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Research methods

This was a retrospective cohort study, consisting of all young adults of both sexes
recruited to the Israeli Defense Forces (IDF) between January 2007 and February 2013
and assigned to active duty. This population accounts for about 50% of the entire
Israeli young adult population. Several sources were used to accurately identify
ADHD patients as well as to use only well-established diagnoses of IBS, dyspepsia,
and constipation. The following sociodemographic data were collected: year of birth;
age at the time of examination; country of birth; education; and socioeconomic status.
Outcome measures were diagnosis of IBS, dyspepsia, constipation, IBD, and celiac
disease, as well as GI symptoms as the reason for a primary care clinic visit, referral to
a GI specialist, and recurrent GI complaints.

Research results
The cohort included 389032 recruits, 41.3% female, aged 17-35 years, of whom 33380
(8.6%) had ADHD. Most ADHD patients (n = 23138, 69.3%) had mild ADHD, and only
3980 subjects (11.9%) received anti-ADHD drugs during the study period. Compared
to controls, the ADHD group had a higher rate of dyspepsia, constipation, IBS and
FGID. There was no between-group difference in the rate of diagnosis of IBD and
celiac disease. The effect of ADHD on the rate of dyspepsia, constipation, IBS and
FGID was larger in females, although still significant in males as well. Among
participants with ADHD, methylphenidate prescription was associated with an
increased risk of dyspepsia and constipation, but not of IBS, IBD, and celiac disease.
Compared to controls, the subjects with ADHD were referred more often to a GI
specialist, examined more frequently by a primary care physician for GI symptoms,
and had more episodes of recurrent GI symptoms. Participants with ADHD suffered
more from recurrent heartburn and gastroesophageal reflux disease, nausea and
vomiting, abdominal pain, and diarrhea.

The study contributes to the research in the field since this is the first study to focus
on young adults and it is a large size population-based study.

Research conclusions

The present study of a large cohort of young adults with ADHD showed that ADHD is
associated with an increased rate of comorbid FGID (IBS, constipation, and dyspepsia)
but not with somatic immune-mediated GI conditions, such as IBD and celiac disease.
In addition, the ADHD group had a significantly increased rate of primary care visits
for GI symptoms, referrals to GI specialists, and recurrent GI symptoms than the
control group, pointing to the high burden of GI morbidity in individuals with ADHD
on healthcare resources. These associations were not related to the use of
methylphenidate; although, those who received methylphenidate had a higher relative
risk of all the measured outcomes, except IBS. The association between ADHD and GI-
related functional morbidity may affect clinical decisions and treatment. Attention
should be addressed to GI problems in patients with known ADHD, including a
careful medical history focused on Gl-related morbidity, so as not to miss some of the
common GI problems. The presence of ADHD in a patient with GI symptoms, normal
laboratory results and no red flags may by itself support the diagnosis of a functional
GI disorder. Since FGIDs are now considered disorders of gut-brain interaction and
centrally acting neuromodulators are amongst the mainstays of refractory FGIDs,
these drugs may be considered in treating patients suffering from both FGID and
ADHD.

Research perspectives

ADHD is associated with FGID and a high need for Gl-related health services. This
study emphasizes the complex interaction between mind and body. Further research is
needed to explore the possible combination of treatment of FGID with the
neuropsychological therapeutic modalities for ADHD, and to determine if the
presence of ADHD can assist in the diagnosis of FGID.
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