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Incidence of Gastrointestinal Symptoms in Children
With Autism: A Population-Based Study

WHAT’S KNOWN ON THIS SUBJECT: Recently, interest has
focused on the potential association between autism and
gastrointestinal pathology. This association has widespread

popular acceptance, but epidemiologic studies investigating the
relationship between autism and gastrointestinal symptoms have been
limited.

WHAT THIS STUDY ADDS: This study provides data that compare
the incidence of gastrointestinal symptoms between children with
autism and age- and gender-matched control subjects using a

population-based cohort.

abstract
OBJECTIVE: To determine whether children with autism have an in-
creased incidence of gastrointestinal symptoms compared with
matched control subjects in a population-based sample.
DESIGN/METHODS: In a previous study including all of the residents of
Olmsted County, Minnesota, aged !21 years between 1976 and 1997,
we identified 124 children who fulfilled criteria on the basis of Diagnos-
tic and Statistical Manual of Mental Disorders, Fourth Edition, for a
research diagnosis of autism. Two matched control subjects were
identified for each case subject. Through the Rochester Epidemiology
Project, all medical diagnoses, are indexed for computerized retrieval.
Gastrointestinal diagnoses before 21 years of age were grouped into 5
categories: (1) constipation; (2) diarrhea; (3) abdominal bloating, dis-
comfort, or irritability; (4) gastroesophageal reflux or vomiting; and
(5) feeding issues or food selectivity. The cumulative incidence of each
category was calculated by using the Kaplan-Meier method. Cox pro-
portional hazards models were fit to estimate the risk ratios (case
subjects versus control subjects) and corresponding 95% confidence
intervals.
RESULTS: Subjects were followed to median ages of 18.2 (case sub-
jects) and 18.7 (control subjects) years. Significant differences be-
tween autism case and control subjects were identified in the cumula-
tive incidence of constipation (33.9% vs 17.6%) and feeding issues/food
selectivity (24.5% vs 16.1). No significant associations were found be-
tween autism case status and overall incidence of gastrointestinal
symptoms or any other gastrointestinal symptom category.

CONCLUSIONS: As constipation and feeding issues/food selectivity of-
ten have a behavioral etiology, data suggest that a neurobehavioral
rather than a primary organic gastrointestinal etiology may account
for the higher incidence of these gastrointestinal symptoms in children
with autism. Pediatrics 2009;124:680–686
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Autism is a neurodevelopmental disor-
der of unknown etiology with onset be-
fore 3 years of age and characterized
by severe impairment in reciprocal so-
cial interaction and communication
and a pattern of repetitive or stereo-
typed behavior.1 Recently, interest has
focused on the potential association
between autism and gastrointestinal
pathology. Case series from patients
referred to pediatric gastroenterology
clinics have suggested that children
with autism may have an increased
prevalence of gastrointestinal symp-
toms, including constipation, chronic
loose stools, abdominal pain, and
gaseousness/bloating.2–4 Some inves-
tigators have reported an associa-
tion between autism and chronic in-
flammatory intestinal disease, reflux
esophagitis, gastritis, and disaccha-
ride malabsorption.5–8 These findings
have led to a hypothesis that gastro-
intestinal dysfunction resulting from
an autism-specific enterocolitis is the
etiology of the neurobehavioral fea-
tures observed in children with au-
tism, via a “leaky gut” that results in an
autoimmune or gut-mediated toxic en-
cephalopathic process.2,9 Many fami-
lies, searching for any biomedical inter-
vention thatmay help their childrenwith
autism, have embraced this hypothesis.
As a result, restrictive diets and other
nutritional or gastrointestinal therapies,
such as the gluten-free, casein-free di-
et10; intravenous secretin11; prescription
of antifungal medications to treat pur-
ported fungal overgrowth in the gut10;
and dietary supplementation with vi-
tamins, minerals,12 or omega-3 fatty
acids13 have become widely popular
interventions for children with au-
tism, despite a lack of evidence re-
garding their safety or efficacy.

Despite this widespread popular accep-
tance of a link between autism and
gastrointestinal disease, epidemiologic
studies investigating the relationship
between autism and gastrointestinal

symptoms are limited. Population-based
studies are required to determine
whether the incidence of gastrointesti-
nal symptoms in children with autism is
truly increased compared with the gen-
eral population. Thus, the goal of this
study was to compare the incidence of
gastrointestinal symptoms between
children with autism and age- and
gender-matched control subjects using
a population-based cohort.

METHODS

Study Setting and Subjects

More than 95% of all medical care in
Olmsted County, Minnesota, is pro-
vided locally by the Mayo Clinic and
Olmsted Medical Center. Through the
Rochester Epidemiology Project, all of
the inpatient and outpatient diagnoses
are indexed for computerized retrieval
(medical index).14 The population is
characterized by virtually universal ac-
cess to high-quality health care; hence,
medical charts are available for"95%
of residents of the county. Medical
charts contain complete, detailed in-
formation on all of the medical care
provided to county residents, includ-
ing developmental, psychiatric, neuro-
logic, and psychological assessments.
Medical charts also contain documen-
tation from all of the well-child visits,
including information on developmen-
tal progress and problems. All of the
gastrointestinal diagnoses (and gas-
trointestinal symptoms) are also in-
cluded in the medical index.

In a previous study among all of the
residents of Olmsted County, aged
!21 years, between 1976 and 1997,
124 children were identified who ful-
filled criteria on the basis of the Diag-
nostic and Statistical Manual of Men-
tal Disorders, Fourth Edition, for a
research diagnosis of autism.15 Case
identification was not based on the
clinical diagnosis at the time of the
medical visit but on information col-
lected from review of the complete

medical and school records of each
case subject. A detailed description of
the case identification strategy has
been published previously.15 Three of
the autism incident case subjects have
subsequently denied research autho-
rization, leaving 121 case subject in
the current study. Two control subject
were selected for each autism case
subject fromOlmsted County residents
seen at the Mayo Clinic and Olmsted
Medical Center. Control subject were
matched on gender, age, year of first
registration as a patient, and duration
of follow-up.

All of the gastrointestinal diagnoses or
abnormal gastrointestinal symptoms
reported in the medical charts of the
autism incident case subjects and the
matched control subjects before 21
years of age were identified using the
resources of the Rochester Epidemiol-
ogy Project. We first reviewed a list of
all of the gastrointestinal diagnoses
and gastrointestinal symptoms docu-
mented in the medical index for all of
the autism case subjects and their
matched control subjects. We then
grouped these gastrointestinal diag-
noses and symptoms into 5 categories:
(1) constipation; (2) diarrhea; (3) ab-
dominal bloating, discomfort, or ir-
ritability; (4) gastroesophageal reflux
or vomiting; and (5) feeding issues or
food selectivity. These categories were
chosen after reviewing the literature
related to gastrointestinal symptoms
that have been reported to be common
in patients with autism.16 The gastroin-
testinal symptoms described in the lit-
erature are nonspecific and have in-
cluded chronic diarrhea, constipation,
foul-smelling stools, gaseousness, ab-
dominal bloating, and abdominal pain,
vomiting, and belching.17 In our study,
each specific gastrointestinal diagno-
sis/symptomwas assigned to 1 of the 5
research categories described above.
Examples of specific gastrointestinal
diagnoses/symptoms corresponding
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with each of the 5 gastrointestinal re-
search categories are given in Table 1.
The protocol was approved by the insti-
tutional review boards of the Mayo
Clinic and Olmsted Medical Center.

Statistical Analysis

Patients were followed from their date
of birth to their date of last follow-up
before 21 years of age. For each gas-
trointestinal symptom category, pa-
tients were followed until the date of
their first diagnosis; otherwise, they
were censored at the date of their last
follow-up. The cumulative incidence of
each gastrointestinal symptom cate-
gory was calculated using the Kaplan-
Meier method. Cox proportional haz-
ards models were fit to estimate the
risk ratios (RRs) (case subjects versus
control subjects) and corresponding
95% confidence intervals (CIs).

RESULTS

Subjectswere followed tomedian ages
of 18.2 years (case subjects) and 18.7
years (control subjects). Subjects ful-
filled research diagnostic criteria for
autism at a mean age of 6.1 years, al-
though subjects typically had their
first documented autism symptom be-
tween ages 2 and 3 years.15 Seventy-six
percent of both case and control sub-
jects were boys, and 24% were girls
(Table 2). There were significant differ-
ences between autism case and con-
trol subjects in the cumulative inci-
dence of constipation by age 20 years
(33.9% vs 17.6%; RR: 1.97 [95% CI: 1.25–
3.10]; P # .003) and feeding issues/
food selectivity (24.5% vs 16.1%; RR:
1.95 [95% CI: 1.18–3.24]; P # .009).
There was no significant association
between autism case status and

overall incidence of gastrointestinal
symptoms (RR: 1.21), diarrhea (RR: 1.34),
gastroesophageal reflux/vomiting (RR:
1.55), or abdominal bloating/discomfort/
irritability (RR: 1.03; Table 3).

Few subjects had specific gastrointesti-
nal diseases: 1 patient with autism had
Crohn disease, 1 control subject had
milk allergy, 2 control subjects had lac-
tose intolerance, and 1 patient with au-
tism had intestinal disaccharidase defi-
ciency. We found 2 cases of pancreatitis,
1 among case subjects and the other
among control subjects. No diagnoses of
celiac disease were noted among either
case or control subjects.

DISCUSSION

Our study is unique, because, to our
knowledge, there are no published,
long-term population-based studies of
the incidence of gastrointestinal symp-
toms in children with autism com-
pared with age- and gender-matched
control subjects. We found no signifi-
cant difference in the overall cumu-
lative incidence of gastrointestinal
symptoms between case and control
subjects, although children with au-
tism had a higher incidence of consti-
pation and feeding issues/food selec-
tivity. We found few subjects with
specific diagnoses of gastrointestinal
diseases, whereas the majority of both
case and control subjects had nonspe-
cific gastrointestinal symptoms.

Our findings are consistent with previ-
ous reports that have found that
children with autism do not have an in-
creased rate of either gastrointestinal
disorders in general17,18 or celiac dis-
ease in particular.19 In our study, the
frequency of gastrointestinal symp-
toms among both case and control
subjects was high (77.2% vs 72.2%, re-
spectively). Previous studies have re-
ported a 9.0% to 70.0% frequency of
gastrointestinal problems in children
with autism.3,4,18 The highest previous
estimates included a lifetime preva-

TABLE 1 Examples of Specific Gastrointestinal Symptoms/Diagnoses Relevant to Each Research
Category

Research Category Specific Gastrointestinal Diagnosis/Symptoms

Constipation Encopresis, anal fissure, hemorrhoids, or obstipation
Diarrhea Enteritis, colitis, gastroenteritis, or loose stool
Gastroesophageal reflux, vomiting Emesis, nausea and vomiting, esophagitis, or Mallory-Weiss

syndrome
Abdominal discomfort, irritability Abdominal pain, dyspepsia, stomachache, or gastritis
Feeding issues and food selectivity Feeding problem, lactose intolerance, loss of appetite, or

loss of weight

TABLE 2 Demographic Summary of Autism Case and Matched Control Subjects

Characteristic Control Subjects
(N# 242)

Case Subjects
(N# 121)

Gender, n (%)
Female 58 (24) 29 (24)
Male 184 (76) 92 (76)
Year of birth
Median 1987 1987
IQR 1981–1991 1981–1991
Range 1963–1995 1963–1995
Age met autism research criteria, y
Mean (SD) NA 7.3 (4.8)
Median NA 6.1
IQR NA 3.4–9.7
Range NA 1.9–20.9
Age at last follow-up before age!21, y
Mean (SD) 17.4 (3.6) 16.0 (5.2)
Median 18.7 18.2
IQR 15.0–20.4 13.4–20.2
Range 3.8–21.0 2.7–21.0

IQR indicates interquartile range (25th–75th percentiles); NA, not applicable.
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lence of gastrointestinal symptoms.4

Epidemiologic studies of the preva-
lence of gastrointestinal symptoms in
individuals with typical development
have also shown high rates.20,21 For ex-
ample, a cross-sectional prevalence
study showed that 28% of normal 8- to
10-year-old school children were con-
stipated.20 In addition, a population-
based survey of children 10 to 11 years
of age showed that 27% of subjects re-
ported some gastrointestinal com-
plaints during the previous 2 years.18

The higher prevalence of gastrointesti-
nal symptoms in our study reflects the
cumulative incidence during the pe-
riod of follow-up to a median age of
18.2 years in case subjects and 18.7
years in control subjects.

Although we did not find an overall dif-
ference in the rate of gastrointestinal
symptoms between children with and
without autism, we did find that chil-
dren with autism were more likely to
manifest feeding issues/food selectivity
and constipation. The ritualistic tenden-
cies, need for routine, and insistence on
sameness that are characteristic of chil-
dren with autism may lead these chil-
dren to choose and demand stereo-
typed diets that may result in an
inadequate intake of fiber, fluids, and
other food constituents.17 Thus, behav-
iorally related food selectivity may, in
turn, lead to constipation.22 In a previ-

ous study, we reported that 52.4% of
the children with autism in this popu-
lation were treated with stimulant
medications to control symptoms of
hyperactivity, impulsivity, and inatten-
tion.23 Because appetite suppression is
a known adverse effect of these medica-
tions, this may represent another factor
that contributes to changes in eating
patterns experienced by children with
autism. In addition, many children with
autismare treatedwith risperidone, and
thismay result in increasedappetite and
weight gain.24,25 Thus, it is possible that
the difference in the incidence of both
food selectivity and constipation that we
found in children with autism compared
with age and gender matched control
subjects without autism is attributable
to the behavioral features that define au-
tism or to adverse effects of treatment
with psychotropic medications rather
than to an underlying autism-specific or-
ganic gastrointestinal disease.

Although we did not find an increased
rate of gastrointestinal diagnoses
among individuals with autism on an
epidemiologic basis, a number of gas-
trointestinal abnormalities have been
reported previously in children with
autism. For example, a chronic inflam-
matory process and increased intesti-
nal permeability have been demon-
strated by endoscopic and histologic
examination of the gastrointestinal

tract in some childrenwith autism.5–8,26

However, these finding have not been
replicated in other studies.27 In addi-
tion, there have also been concerns
raised about the potential role of the
measles, mumps, and rubella (MMR)
vaccine in the causation of autism.9

This theory hypothesizes that the MMR
vaccine produces the enterocolitis
that causes a “leaky gut” that leads to
increased absorption of peptides with
neurotoxic or neuroactive properties
that produce the symptoms of au-
tism.28 This hypothesis was disproven
in a recent study.29 In addition, intro-
duction of the MMR vaccine has not
been associated with an increase in
complaints about gastrointestinal
problems in children with autism.30 In
addition, a dramatically increased in-
cidence of autism has been associated
with the withdrawal of the MMR vac-
cine in Japan.31 We demonstrated pre-
viously that the introduction of manda-
tory MMR vaccination did not correlate
with the apparent increase in the inci-
dence of autism in Olmsted County.15 In
the current study, we identified only 1
subject with autism and an inflamma-
tory bowel disorder (Crohn disease) in
ourcohort, aswell as1withpancreatitis.

Autism is a chronic neurodevelopmen-
tal disability, and traditional medicine
does not offer any cures. Thus, comple-
mentary and alternative treatments

TABLE 3 Cumulative Incidence of Gastrointestinal Symptoms in Autism Case and Matched Control Subjects

Gastrointestinal
Diagnosis Category

Autism Case Subjects (N# 121) Matched (2:1) Control Subjects (N# 242) RR (95% CI) P

No. of Patients
With a
Diagnosis

Cumulative Incidence, %a No. of Patients
With a
Diagnosis

Cumulative Incidence, %a

By 1 y By 5 y By 10 y By 15 y By 20 y By 1 y By 5 y By 10 y By 15 y By 20 y

Any of the diagnoses
of interest

87 20.7 46.5 58.4 67.2 77.2 167 15.7 36.8 49.9 62.0 72.2 1.21 (0.93–1.57) .15

Constipation 35 1.7 6.7 17.7 26.6 33.9 40 0.4 7.0 10.9 15.8 17.6 1.97 (1.25–3.10) .003
Diarrhea 57 10.7 34.0 40.3 46.5 50.3 93 12.4 24.8 31.2 36.1 41.1 1.34 (0.96–1.86) .085
Gastroesophageal
reflux and vomiting

26 4.1 7.5 14.9 21.3 25.3 38 2.1 4.5 8.3 13.1 16.9 1.55 (0.94–2.55) .088

Abdominal discomfort
and irritability

44 5.8 12.4 17.0 29.2 44.9 92 3.3 10.4 19.2 31.9 41.3 1.03 (0.72–1.47) .87

Feeding issues and
food selectivity

28 5.0 10.9 18.2 24.5 24.5 33 1.7 5.0 7.5 12.1 16.1 1.95 (1.18–3.24) .009

a The cumulative incidence estimates were calculated by using the Kaplan-Meier method to take into account the varying duration of follow-up across the subjects.
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are widely provided to children with
autismbyparentswhoare searching for
any biomedical intervention that they be-
lievemay help their children. Autistic be-
haviors are coincidentally first recog-
nized by many parents at the same time
that infants are weaned from breast
milk or infant formulas and begun on
whole milk and table foods, including ta-
ble foods containing gluten. Combining
this temporal relationship with belief in
a gastrointestinal-autism connection,
where opioid-like peptides derived from
casein and gluten are hypothesized to be
absorbed through leaky guts to cause
the symptoms of autism, many parents
of children with autism are being ad-
vised to place their children on very re-
strictive gluten- and casein-free diets.
However, evidence to support the safety
and efficacy of gluten- and casein-free
diets in the treatment of children with
autism is lacking.32,33 Urinary chro-
matographic profiles have shown no
consistent patterns indicating exces-
sive amounts of opioid-like compounds
among individuals with autism.34–36 In
addition, given the already increased
food selectivity among children with
autism, as confirmed in our study, ad-
ditional dietary restriction may place
these children at risk for nutritional
deficiencies.10,26 In our cohort, we iden-
tified only 1 child with autism who had
intestinal disaccharidase deficiency,
whereas several control children had
lactose intolerance or milk allergy.

Although hypothesized as another po-
tential cause of a leaky gut, fungal over-
growth in the intestines has not been
documented by endoscopy in children
with autism.5 However, many parents of
children with autism are encouraged to
send samples of their children’s urine to
laboratories that claim to find urinary
organic acids of fungal origin. Despite

the lack of evidence to support their use
or safety, many childrenwith autism are
then treated with systemic antifungal
medications and/or other vitamin, min-
eral, or dietary supplements. Although
there is no evidence that these interven-
tions improve autistic behavior, it is im-
portant to note that systemic antifungal
medications are associated with liver
toxicity, anemia, diarrhea, andexfoliative
dermatitis.10 No subjects in our study, ei-
ther case or control subjects, had a his-
tory of intestinal fungal overgrowth.

Several potential limitations of our
study should be noted. First our study
was retrospective. Therefore, it is pos-
sible that we failed to detect all of the
autism incidence cases or that some
gastrointestinal symptoms were unde-
tected or incompletely documented in
the medical charts. However, given the
increased medical scrutiny to which
children with autism are subjected, it
is unlikely that gastrointestinal symp-
toms would be missed and not docu-
mented more frequently among au-
tism case subjects than among control
subjects. Furthermore, the complete-
ness of the data and the availability of
records for virtually all of the resi-
dents of Olmsted County minimize the
possibility that cases of autism or in-
formation on gastrointestinal symp-
tomsweremissed. In the current study
we did not compare the incidence of
gastrointestinal symptoms in children
with cognitive impairment without au-
tism to thosewith autism, but thiswill be
interesting to explore in a future study.
The population of Olmsted county was
$98% white between 1976 and 1997,37

which may limit the generalizability of
these results to other populations. We
also did not attempt to assess duration,
severity, and recurrence of the gastroin-
testinal symptoms in case or control

subjects in this study, because our main
aimwas to assess the prevalence of gas-
trointestinal symptoms. This will be a
goal of the next phase of this project.

CONCLUSIONS

Although there may exist subgroups of
children with gastrointestinal disor-
ders that contribute to their autistic
behaviors, in this population-based
study of children with research-
identified autism, we found that the
overall incidence of gastrointestinal
symptoms did not differ between chil-
dren with autism and control subjects.
Children with autism did have an in-
creased incidence of feeding issues/
food selectivity and constipation, prob-
lems that may result from behavioral
characteristics of children with au-
tism rather than from primary organic
gastrointestinal pathology. We did not
find that children with autism were
more likely to manifest gastrointesti-
nal disorders; specifically, there was
no apparent increased risk for inflam-
matory or malabsorptive disorders.
Many children with autism are treated
with restrictive diets, vitamin, min-
eral, and other dietary supplements,
as well as various medications
aimed at putative gastrointestinal
disorders. The findings from our
study suggest that such treatments
should not be provided indiscrimi-
nately to children with autism unless
there is explicit evidence indicating
the presence of a gastrointestinal
disorder in a specific case.

ACKNOWLEDGMENTS
This study was funded by a grant
from the David and Elaine Dana family
and the National Institutes of Health
(AR30582).

684 IBRAHIM et al
 by Catherine Bartlett on August 20, 2009 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


REFERENCES

1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition. Washington, DC: American Psychiatric Association; 1994

2. Wakefield AJ. The gut-brain axis in childhood developmental disorders. J Pediatr Gastroenterol
Nutr. 2002;34(suppl 1):S14–S17

3. Molloy CA, Manning-Courtney P. Prevalence of chronic gastrointestinal symptoms in children with
autism and autistic spectrum disorders. Autism. 2003;7(2):165–171

4. Valicenti-McDermott M, McVicar K, Rapin I, Wershil BK, Cohen H, Shinnar S. Frequency of gastro-
intestinal symptoms in children with autistic spectrum disorders and association with family
history of autoimmune disease. J Dev Behav Pediatr. 2006;27(2 suppl):S128–S136

5. Horvath K, Papadimitriou JC, Rabsztyn A, Drachenberg C, Tildon JT. Gastrointestinal abnormalities
in children with autistic disorder. J Pediatr. 1999;135(5):559–563

6. Wakefield AJ, Anthony A, Murch SH, et al. Enterocolitis in children with developmental disorders.
Am J Gastroenterol. 2000;95(9):2285–2295

7. D’Eufemia P, Celli M, Finocchiaro R, et al. Abnormal intestinal permeability in children with autism.
Acta Paediatr. 1996;85(9):1076–1079

8. Torrente F, Anthony A, Heuschkel RB, ThomsonMA, Ashwood P,Murch SH. Focal-enhanced gastritis
in regressive autism with features distinct from Crohn’s and Helicobacter pylori gastritis. Am J
Gastroenterol.2004;99(4):598–605

9. Wakefield AJ. Enterocolitis, autism and measles virus. Mol Psychiatry. 2002;7(suppl 2):S44–S46
10. Levy SE, Hyman SL. Novel treatments for autistic spectrum disorders.Ment Retard Dev Disabil Res
Rev. 2005;11(2):131–142

11. Williams KW, Wray JJ, Wheeler DM. Intravenous secretin for autism spectrum disorder. Cochrane
Database Syst Rev. 2005;(3):CD003495

12. Nye C, Brice A. Combined vitamin B6-magnesium treatment in autism spectrum disorder.
Cochrane Database Syst Rev. 2005;(4):CD003497

13. Politi P, Cena H, Comelli M, et al. Behavioral effects of omega-3 fatty acid supplementation in young
adults with severe autism: an open label study. Arch Med Res. 2008;39(7):682–685

14. Melton LJ III. History of the Rochester Epidemiology Project. Mayo Clin Proc. 1996;71(3):266–274
15. Barbaresi WJ, Katusic SK, Colligan RC, Weaver AL, Jacobsen SJ. The incidence of autism in Olmsted
County, Minnesota, 1976–1997: results from a population-based study. Arch Pediatr Adolesc Med
.2005;159(1):37–44

16. Erickson CA, Stigler KA, Corkins MR, Posey DJ, Fitzgerald JF, McDougle CJ. Gastrointestinal factors
in autistic disorder: a critical review. J Autism Dev Disord. 2005;35(6):713–727

17. Kuddo T, Nelson KB. How common are gastrointestinal disorders in children with autism? Curr
Opin Pediatr. 2003;15(3):339–343

18. Black C, Kaye JA, Jick H. Relation of childhood gastrointestinal disorders to autism: nested case-
control study using data from the UK General Practice Research Database. BMJ. 2002;325(7361):
419–421

19. Pavone L, Fiumara A, Bottaro G, Mazzone D, Coleman M. Autism and celiac disease: failure to
validate the hypothesis that a link might exist. Biol Psychiatry. 1997;42(1):72–75

20. de Araujo Sant’Anna AM, Calcado AC. Constipation in school-aged children at public schools in Rio
de Janeiro, Brazil. J Pediatr Gastroenterol Nutr. 1999;29(2):190–193

21. Kokkonen J, Haapalahti M, Tikkanen S, Karttunen R, Savilahti E. Gastrointestinal complaints and
diagnosis in children: a population-based study. Acta Paediatr. 2004;93(7):880–886

22. Levin L, Carr EG. Food selectivity and problem behavior in childrenwith developmental disabilities:
analysis and intervention. Behav Modif. 2001;25(3):443–470

23. Nickels K, Katusic SK, Colligan RC, Weaver AL, Voigt RG, Barbaresi WJ. Stimulant medication
treatment of target behaviors in children with autism: a population-based study. J Dev Behav
Pediatr. 2008;29(2):75–81

24. Chavez B, Chavez-BrownM, Rey JA. Role of risperidone in children with autism spectrum disorder.
Ann Pharmacother. 2006;40(5):909–916

25. McCracken JT, McGough J, Shah B, et al. Risperidone in children with autism and serious behav-
ioral problems. N Engl J Med. 2002;347(5):314–321

26. Herndon AC, Diguiseppi C, Johnson SL, Leiferman J, Reynolds A. Does nutritional intake differ
between children with autism spectrum disorders and children with typical development?
J Autism Dev Disord. 2008;39(2):212–222

27. DeFelice ML, Ruchelli ED, Markowitz JE, et al. Intestinal cytokines in children with pervasive
developmental disorders. Am J Gastroenterol. 2003;98(8):1777–1782

ARTICLES

PEDIATRICS Volume 124, Number 2, August 2009 685
 by Catherine Bartlett on August 20, 2009 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


28. Wakefield AJ, Murch SH, Anthony A, et al. Ileal-lymphoid-nodular hyperplasia, non-specific colitis,
and pervasive developmental disorder in children. Lancet. 1998;351(9103):637–641

29. Hornig M, Briese T, Buie T, et al. Lack of association between measles virus vaccine and autism
with enteropathy: a case-control study. PLoS ONE. 2008;3(9):e3140

30. Taylor B, Lingam R, Simmons A, Stowe J, Miller E, Andrews N. Autism andMMR vaccination in North
London; no causal relationship. Mol Psychiatry. 2002;7(suppl 2):S7–S8

31. Honda H, Shimizu Y, Rutter M. No effect of MMR withdrawal on the incidence of autism: a total
population study. J Child Psychol Psychiatry. 2005;46(6):572–579

32. Millward C, Ferriter M, Calver S, Connell-Jones G. Gluten- and casein-free diets for autistic spec-
trum disorder. Cochrane Database Syst Rev. 2008;(2):CD003498

33. Elder JH, Shankar M, Shuster J, Theriaque D, Burns S, Sherrill L. The gluten-free, casein-free diet
in autism: results of a preliminary double blind clinical trial. J Autism Dev Disord. 2006;36(3):
413–420

34. Hunter LC, O’Hare A, Herron WJ, Fisher LA, Jones GE. Opioid peptides and dipeptidyl peptidase in
autism. Dev Med Child Neurol. 2003;45(2):121–128

35. Williams KM, Marshall T. Urinary protein patterns in autism as revealed by high resolution two-
dimensional electrophoresis. Biochem Soc Trans. 1992;20(2):189S

36. Le Couteur A, Trygstad O, Evered C, Gillberg C, Rutter M. Infantile autism and urinary excretion of
peptides and protein-associated peptide complexes. J Autism Dev Disord. 1988;18(2):181–190

37. Katusic SK, Colligan RC, Barbaresi WJ, Schaid DJ, Jacobsen SJ. Potential influence of migration
bias in birth cohort studies. Mayo Clin Proc. 1998;73(11):1053–1061

686 IBRAHIM et al
 by Catherine Bartlett on August 20, 2009 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


DOI: 10.1542/peds.2008-2933 
 2009;124;680-686; originally published online Jul 27, 2009; Pediatrics

J. Barbaresi 
Samar H. Ibrahim, Robert G. Voigt, Slavica K. Katusic, Amy L. Weaver and William

 Population-Based Study
Incidence of Gastrointestinal Symptoms in Children With Autism: A

 & Services
Updated Information

 http://www.pediatrics.org/cgi/content/full/124/2/680
including high-resolution figures, can be found at: 

 References

 http://www.pediatrics.org/cgi/content/full/124/2/680#BIBL
at: 
This article cites 33 articles, 8 of which you can access for free

 Subspecialty Collections

 http://www.pediatrics.org/cgi/collection/gastrointestinal_tract
 Gastrointestinal Tract

following collection(s): 
This article, along with others on similar topics, appears in the

 Permissions & Licensing

 http://www.pediatrics.org/misc/Permissions.shtml
tables) or in its entirety can be found online at: 
Information about reproducing this article in parts (figures,

 Reprints
 http://www.pediatrics.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

 by Catherine Bartlett on August 20, 2009 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org
http://www.pediatrics.org/cgi/content/full/124/2/680
http://www.pediatrics.org/cgi/content/full/124/2/680#BIBL
http://www.pediatrics.org/cgi/collection/gastrointestinal_tract
http://www.pediatrics.org/misc/Permissions.shtml
http://www.pediatrics.org/misc/reprints.shtml

