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IMPORTANCE Gastrointestinal (Gl) comorbidities are frequently described in association with jamapsychiatry.com
autism spectrum disorder (ASD). However, the prevalence of Gl disturbances and the age at
which such problems first appear are unclear, and their specificity for ASD compared with
other neurodevelopmental disorders is uncertain.

OBJECTIVE To compare maternal report of Gl symptoms during the first 3 years of life in
children with ASD, developmental delay (DD), and typical development (TD).

DESIGN, SETTING, AND PARTICIPANTS This large prospective cohort study consists of
participants in the Norwegian Mother and Child Cohort Study. During a 10-year period
(January 1, 1999, through December 31, 2008), women throughout Norway were recruited at
the first prenatal ultrasonographic visit (approximately 18 weeks' gestation). The study
enrolled 95 278 mothers, 75 248 fathers, and 114 516 children. Our analyses are based on
MoBa data released through October 1, 2013, and NPR diagnoses registered through
December 31, 2012, and include children born from January 1, 2002, through December 31,
2008, with completed age 18- and 36-month questionnaires.

EXPOSURES We defined 3 groups of children: children with ASD (n = 195), children with DD
and delayed language and/or motor development (n = 4636), and children with TD
(n =40 295).

MAIN OUTCOMES AND MEASURES The Gl symptoms were based on maternal report of
constipation, diarrhea, and food allergy/intolerance.

RESULTS Children with ASD were at significantly increased odds of maternally reported
constipation (adjusted odds ratio [aOR], 2.7; 95% Cl, 1.9-3.8; P <.001) and food
allergy/intolerance (aOR, 1.7; 95% Cl, 11-2.6; P = .01) in the 6- to 18-month-old age period and
diarrhea (aOR, 2.3; 95% Cl, 1.5-3.6; P < .001), constipation (aOR, 1.6; 95% Cl, 1.2-2.3; P <.01),
and food allergy/intolerance (aOR, 2.0; 95% Cl, 1.3-3.1; P <.01) in the 18- to 36-month-old age
period compared with children with TD. Similar results for these symptom categories were
observed in comparisons with children with DD, but ORs were slightly lower. Mothers of
children with ASD were significantly more likely to report 1or more Gl symptom in either the
6- to 18-month or the 18- to 36-month-old age period and more than twice as likely to report
at least 1 Gl symptom in both age periods compared with mothers of children with TD or DD.

CONCLUSIONS AND RELEVANCE In this large prospective cohort, maternally reported Gl

symptoms are more common and more often persistent during the first 3 years of life in Author Affiliations: Author

children with ASD than in children with TD or DD. affiliations are listed at the end of this
article.
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Association of Gastrointestinal Symptoms With Autism

utism spectrum disorders (ASDs) are characterized by

disturbances in social communication and interaction

and restricted and/or repetitive behaviors. Medical and
psychiatric conditions and behaviors are frequently associ-
ated with ASD. Among the most commonly cited comorbidi-
ties are gastrointestinal (GI) symptoms and disorders.* A focus
on recent population-based research,?® however, indicates that
the evidence supporting an association of GI disturbances with
ASD is not consistent (eTable 1 in the Supplement). Reports’®
of elevated GI dysfunction in individuals with neurodevelop-
mental disorders other than autism raise the added possibility
that GI findings may not be specific to ASD. To our knowledge,
there have been no population-based studies of prospectively
reported GI symptoms and disorders that compare children with
ASD with children with typical development (TD) and devel-
opmental delay (DD). The state of evidence highlights the need
for prospective studies that address the prevalence, type, and
specificity of GI abnormalities in ASD.**"

In this study, our aim is to address the specific question of
whether children with ASD are at greater risk of experiencing
GI disturbances compared with children with TD and DD from
ages 6 through 36 months in a large prospective birth cohort.

Methods

Study Population
The study group consists of participants in the Norwegian
Mother and Child Cohort Study (MoBa).*?> During a 10-year pe-
riod (1999-2008), women throughout Norway were recruited
at the first prenatal ultrasonographic visit (approximately 18
weeks’ gestation). The study enrolled 95 278 mothers, 75 248
fathers, and 114 516 children. Ongoing follow-up includes
health, behavioral, developmental, and nutritional question-
naires and collection of clinical and biological data. The Au-
tism Birth Cohort (ABC) is a substudy of ASD nested within the
MoBa cohort.” Written informed consent was obtained from
all participants. The research was approved by the Regional
Committee for Medical Research, the Norwegian Data Inspec-
torate, and the Columbia University Institutional Review Board.

To be considered as having ASD in the present study, a child
had to be evaluated and assigned an ASD diagnosis at the ABC
Clinic or have an ASD diagnosis in the Norwegian Patient Reg-
ister (NPR). Through 2012, the ABC Clinic in Oslo, Norway, con-
ducted assessments of cohort members 3 years or older. Poten-
tial cases, identified through questionnaire screening, referral
by parents or health care professionals, or NPR linkage, were in-
vited to attend the ABC Clinic. The ABC Clinic assessments were
conducted by research clinicians and included the Autism Di-
agnostic Interview-Revised'* and the Autism Diagnostic Ob-
servation Schedule.’ Those meeting the criteria of the Diag-
nostic and Statistical Manual of Mental Disorders (Fourth Edition,
Text Revision) (DSM-IV-TR)* for autistic disorder, Asperger syn-
drome, or pervasive developmental disorder-not otherwise
specified were assigned an ASD diagnosis.

The NPR contains diagnoses from all inpatient and outpa-
tient specialist visits in Norway. Before 2013, NPR-identified
cases were invited for assessment at the ABC Clinic. Cases with-

jamapsychiatry.com

Original Investigation Research

Figure. Derivation of the Analytic Sample

101963 MoBa births (January 1, 2002,
through December 31, 2008)

4788 Withdrawn or died before 3 years
of age

97175 Available for follow-up

46140 Did not return age 18-month or
36-month questionnaires

51035 Returned age 18-month and
36-month questionnaire

5909 Other exclusions

1530 Returned outside age window or
age unknown

4447 No information on Gl symptoms or
incomplete MD or LD measures

45126 Analytic sample

Numbers in the other exclusions group total more than 5909 because some
children met more than one exclusion criterion. Gl indicates gastrointestinal;
LD, language delay; MD, motor delay; MoBa, Norwegian Mother and Child
Cohort.

out ABC Clinic assessment are assigned an ASD diagnosis based
on the International Statistical Classification of Diseases, Tenth
Revision (ICD-10) diagnosis'” recorded in the NPR. The ICD-10
codes of F84.0 (childhood autism), F84.1 (atypical autism), F84.5
(Asperger syndrome), F84.8 (other pervasive developmental dis-
order), or F84.9 (pervasive developmental disorder, unspeci-
fied) were included in the ASD case definition. The reliability
of NPR ASD diagnosis is high: 58 of 60 children with an ASD di-
agnosis in NPR met DSM-IV-TR criteria for ASD when later as-
sessed at the ABC Clinic.'®

Our analyses are based on MoBa data released through Oc-
tober 1,2013, and NPR diagnoses registered through December
31,2012, and include children born from January 1, 2002, through
December 31,2008, with completed age 18- and 36-month ques-
tionnaires (Figure). Of 51 035 children eligible for analysis, 5909
were excluded because age 18- and/or 36-month questionnaires
were returned 3 months beyond each respective age milestone,
information on GI symptoms was missing, and/or information
on motor or language development measures was missing. The
final analytic sample included 45 126 children.

Study Groups

We compared 3 groups: children with ASD (n = 195), children
with DD (n = 4636), and children with TD (n = 40 295). The chil-
dren with ASD were considered all those assigned the diagno-
sis via the ABC Clinic or the NPR.'3 Children with DD were con-
sidered children without ASD who exhibited mild-to-severe
delays in language and/or motor skill development based on
36-month questionnaire items (Table 1). A 6-level grammar rat-
ing scale,' previously used in a MoBa substudy of language
delay (LD)*° and consistent with language ratings on the
Vineland Adaptive Behavior Scales,** was the basis for iden-
tifying the LD subgroup. Delayed language development was
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Table 1. Questionnaire Development and GI Symptom Items

Questionnaire Items

Symptom

36-Month questionnaire: language

About your child’s language skills... (select) the option which best describes
the way your child talks.

Not talking yet
He/she is talking, but you can’t understand him/her
Talking in 1 word utterances, such as “milk” or “down”

Talking in 2-3 word phrases, such as “me got ball” or “give doll”

Talking in fairly complete sentences, such as “l got a doll” or “can | go outside?”

Talking in long and complicated sentences, such as “when | went to the park,
| went on the swings” or “l saw a man standing on the corner”

Language delay

36-Month questionnaire: motor
About your child’s motor development...(yes/a few times/not yet)

Can your child kick a ball by swinging his/her leg forward without holding onto
anything for support?

Can your child catch a large ball with both hands?

When drawing, does your child hold a pencil, crayon or pen between his/her
fingers and thumb like an adult does?

Can your child undo one or more buttons?

Motor delay

18-Month questionnaire: Gl symptoms

Does your child have or has s/he had any of the following health problems?
(Yes has now, Yes had previously, No)

Food allergy/intolerance

Has your child had any of the following symptoms since the age of 6 months?
(6-8 months, 9-11 months, 12-14 months, 15 months+)

Diarrhea

Constipation

Food allergy/intolerance

Diarrhea

Constipation

36-Month questionnaire: Gl symptoms

Has your child suffered any long-term illness or health problems since the age
of 18 months? (Yes now, Yes previously, No)

Frequent diarrhea
Food allergy/intolerance

To what extent are the following statements true of your child’s behavior during
the last two months? (Not true, Somewhat or sometimes true, Very true or
often true)

Constipated, doesn’t move bowels

Diarrhea
Food allergy/intolerance

Constipation L . .
v Abbreviation: Gl, gastrointestinal.

defined as not using full sentences with at least moderate (“I
got a doll”) or good (“When I went to the park, I went on the
swings”) grammar at 36 months. When these criteria were ap-
plied, 4% of children without ASD were classified with hav-
ing LD (n = 1818; Table 2). This number is consistent with pub-
lished LD prevalence estimates in this age group (range,
5%-8%).%” Delayed motor development was based on the Ages
and Stages Questionnaire items?3 that measure gross and fine
motor skill development (Table 1). Children in the lowest sev-
enth percentile for the 4 motor items were classified with mo-
tor delay (MD) (n = 3196; Table 2), a group similar in size to other
population-based studies reporting MD based on the Ages and
Stages Questionnaire (range, 4.8%- 8.5%).%4 The final DD group
(n = 4636) consisted of 1440 children with LD only, 2818 chil-
dren with MD only, and 378 children with both LD and MD. The
children with TD were defined as those not having LDs and MDs
and not diagnosed as having ASD.

Because communication deficits are part of the core symp-
toms of ASD and because the DD group included children with
MD who were free of language disturbances, LD was more com-
mon among children with ASD than in children with DD (53.3%
VS 39.2%). In addition, MD was more common among chil-
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dren with DD than in children with ASD. By definition, chil-
dren with TD had no LDs or MDs.

Measures of GI Symptoms

We relied on prospectively collected maternal report of GI
symptoms in 18- and 36-month questionnaires, focusing on 3
target symptoms queried on both questionnaires: diarrhea,
constipation, and food allergy/intolerance (Table 1). A symp-
tom was considered present if endorsed for any time in the 6-
to 18-month or the 18- to 36-month age period. Symptoms were
also examined as any GI symptom (presence of constipation,
diarrhea, or food allergy/ intolerance vs none) within each age
period (6-18 or 18-36 months).

Covariates

Maternal and child characteristics were selected as potential
confounders based on previous findings of association with
autism or GI symptoms and included maternal age (<25, 25-
29, 30-34, or >35 years), maternal educational level (<12, 12, 13-
16, or =17 years), mode of delivery (spontaneous, induced, or
cesarean section), prematurity (<37 or >37 weeks’ gestation),
parity (0 or >1), birth weight, sex, breastfeeding (yes or no
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Table 2. Characteristics of Children With Autism Spectrum Disorder, Typical Development, and Developmental Delay®

Autism P Value
Typical Spectrum Developmental Autism Spectrum Autism Spectrum
Development Disorder Delay Disorder vs Disorder vs
Characteristic (n=40295) (n=195) (n =4636) Typical Development Developmental Delay
Sex

Male 19201 (47.7) 158 (81.0) 3490 (75.3)

Female 21094 (52.3) 37 (19.0) 1146 (24.7) <001 07
Birth year

2002 3947 (9.8) 34 (17.4) 458 (9.9)

2003 5806 (14.4) 53(27.2) 673 (14.5)

2004 6041 (15.0) 28 (14.4) 704 (15.2)

2005 6736 (16.7) 21(10.8) 762 (16.4) <.001 <.001

2006 7314 (18.2) 28 (14.4) 835 (18.0)

2007 5962 (14.8) 16 (8.2) 668 (14.4)

2008 4489 (11.1) 15(7.7) 536 (11.6)

Maternal educational level, y

<12 6385 (15.8) 42 (21.5) 878 (18.9)

12 4540 (11.3) 30 (15.4) 497 (10.7)

13-16 18794 (46.6) 81 (41.5) 1980 (42.7) 02 07

217 10576 (26.2) 42 (21.5) 1281 (27.6)

Maternal age, y

<25 3561 (8.8) 23 (11.8) 416 (9.0)

25-29 13491 (33.5) 66 (33.8) 1402 (30.2)

30-34 16 108 (40.0) 69 (35.4) 1890 (40.8) 37 28

235 7135 (17.7) 37 (19.0) 928 (20.0)

Maternal smoking

Yes 3010 (7.5) 23 (11.8) 363 (7.8)

No 37285 (92.5) 172 (88.2) 4273 (92.2) 02 <05
Mode of delivery

Spontaneous 32064 (79.6) 152 (77.9) 3540 (76.4)

Induced 5410 (13.4) 31(15.9) 663 (14.3) .56 .29

Cesarean section 2821 (7.0) 12 (6.2) 433 (9.3)

Gestational age, wk

<37 2247 (5.6) 14 (7.2) 410 (8.8)

>37 38048 (94.4) 181 (92.8) 4226 (91.2) 33 42
Breastfeeding

Yes 39771 (98.7) 189 (96.9) 4546 (98.1)

No 524 (1.3) 6 (3.1) 90 (1.9) 03 27
Parity

0 19303 (47.9) 103 (52.8) 2252 (48.6)

21 20992 (52.1) 92 (47.2) 2384 (51.4) 17 25
Birth weight, mean (SD), g 3578 (566) 3544 (606) 3508 (658) 51 .65
Child BMI at 36 mo, mean (SD) 16.1 (1.4) 16.3 (1.6) 16.2 (1.4) .59 .85
Gl symptoms at 6-18 mo

Diarrhea 18562 (46.1) 96 (49.2) 2169 (46.8) .38 .50

Constipation 3992 (9.9) 39 (20.0) 552 (11.9) <.001 <.01

Food allergy/intolerance 2789 (6.9) 24 (12.3) 382 (8.2) <.01 .04

Any Gl symptom® 21098 (52.4) 118 (60.5) 2521 (54.4) .02 .09
Gl symptoms at 18-36 mo

Diarrhea 1808 (4.5) 22 (11.3) 253 (5.5) <.001 <.01

Constipation 6202 (15.4) 40 (20.5) 793 (17.1) <.05 .22

Food allergy/intolerance 2548 (6.3) 25(12.8) 365 (7.9) <.001 .01

Any Gl symptom® 9359 (23.2) 74 (37.9) 1230 (26.5) <.001 <.001
Language delay at 36 mo 0 104 (53.3) 1818 (39.2) — <.001
Motor delay at 36 mo 0 76 (39.0) 3196 (68.9) - <.001

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); Gl, gastrointestinal.
2 Data are presented as number (percentage) of participants unless otherwise indicated.

b Any Gl symptom includes diarrhea, constipation, and food allergy/intolerance.
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Table 3. Gastrointestinal Symptoms in Children With Autism Spectrum Disorder vs Children With Typical Development or Developmental Delay

Autism Spectrum Disorder vs Typical Development

Autism Spectrum Disorder vs Developmental Delay

Symptoms OR (95% Cl) a0R? (95% CI) P Value OR (95% CI) a0R? (95% CI) P Value
Age 6-18 mo
Diarrhea 1.1 (0.9-1.5) 1.2 (0.9-1.5) .30 1.1 (0.8-1.5) 1.2 (0.9-1.6) .28
Constipation 2.3(1.6-3.2) 2.7 (1.9-3.8) <.001 1.9 (1.3-2.7) 2.0 (1.4-2.8) <.001
Food allergy/intolerance 1.9 (1.2-2.9) 1.7 (1.1-2.6) .01 1.6 (1.0-2.4) 1.5 (1.0-2.4) .06
Any Gl symptom? 1.4 (1.0-1.9) 1.4 (1.1-1.9) 01 1.3 (1.0-1.7) 1.4 (1.0-1.8) .04
Age 18-36 mo
Diarrhea 2.7 (1.7-4.2) 2.3 (1.5-3.6) <.001 2.2 (1.4-3.5) 2.2 (1.4-3.4) <.01
Constipation 1.4 (1.0-2.0) 1.6 (1.2-2.3) <.01 1.3(0.9-1.8) 1.3(0.9-1.8) 17
Food allergy/intolerance 2.2 (1.4-3.3) 2.0(1.3-3.1) <.01 1.7 (1.1-2.7) 1.7 (1.1-2.6) .02
Any Gl symptom® 2.0 (1.5-2.7) 2.1(1.6-2.8) <.001 1.7 (1.3-2.3) 1.7 (1.3-2.3) <.001

Abbreviations: aOR, adjusted odds ratio; Gl, gastrointestinal; OR, odds ratio.

@ Adjustment variables include sex, year of birth, maternal educational level, maternal smoking, and breastfeeding

b Any Gl symptom includes diarrhea, constipation, and food allergy/intolerance.

through 6 months), and smoking during pregnancy (yes or no).
For missing data, we used intergroup mode imputation for cat-
egorical variables and intergroup mean imputation for con-
tinuous variables.

Statistical Analysis

Associations of potential confounders with ASD and GI symp-
toms were evaluated using X tests for categorical variables and
Kruskal-Wallis tests for continuous variables. A 2-sided sig-
nificance level, a of .05, was applied for all tests. Covariates
associated with ASD and 1 or more GI symptoms were in-
cluded in the final analysis.

The associations between ASD and specific symptoms and
any GI symptoms were examined using children with DD and
children with TD as reference groups. Logistic regression mod-
els were used to estimate odds ratios (ORs) with 95% CIs for
each age period.?> To examine GI symptom persistence, mul-
tinomial logistic regression models were used to calculate ORs
for any GI outcomes across both age periods (no symptoms re-
ported, symptoms reported for 6-18 months only, symptoms
reported for 18-36 months only, and symptoms reported for
both 6-18 and 18-36 months). All adjusted models included sex,
year of birth, maternal educational level, maternal smoking,
and breastfeeding as covariates.

All statistical analyses were performed using SPSS statis-
tical software for Mac, version 22.0 (SPSS Inc).

. |
Results

Background characteristics of the study groups are given in
Table 2. Children with ASD differed from children with TD but
not from children with DD in being predominantly male. Chil-
dren with ASD were also more likely than children with TD to
have mothers with lower educational levels.

Gl Symptoms Within Age Periods
Results for individual and combined symptoms within each
age period are given in Table 3 (ASD vs TD and ASD vs DD).

JAMA Psychiatry May 2015 Volume 72, Number 5

eTable 2 in the Supplement gives the results within age peri-
ods when comparing children with DD with children with TD.

Children 6 to 18 Months of Age

Mothers of children with ASD were more likely to report the
presence of at least 1 GI symptom in the early age period com-
pared with mothers of children with TD (aOR, 1.4; 95% CI, 1.1-
1.9; P = .01). No significant between-group differences were
found for diarrhea at 6 to 18 months (ASD vs TD, P = .30; ASD
vs DD, P =.28; DD vs TD, P = .75). However, children with ASD
had increased odds of constipation (aOR, 2.7; 95% CI, 1.9-3.8;
P < .001) and food allergy/intolerance (aOR, 1.7; 95% CI, 1.1-
2.6; P = .01) compared with children with TD (Table 3). Chil-
dren with ASD were also at increased odds for constipation
(aOR, 2.0; 95% CI, 1.4-2.8; P < .001) compared with children
with DD, as well as for the presence of any GI symptom in this
period (aOR, 1.4; 95% CI, 1.0-1.8; P = .04; Table 3). Compared
with children with TD, children with DD had increased odds
of constipation (aOR, 1.3; 95% CI, 1.2-1.5; P < .001; eTable 2 in
the Supplement).

Children 18 to 36 Months of Age

In the later-age period, children with ASD had a 2-fold in-
creased odds of reporting any GI symptom compared with chil-
dren with TD (aOR, 2.1; 95% CI, 1.6-2.8; P < .001). At the symp-
tom level, this reflected an increased odds of diarrhea (aOR,
2.3; 95% CI, 1.5-3.6; P < .001), constipation (aOR, 1.6; 95% CI,
1.2-2.3; P <.01), and food allergy/intolerance (aOR, 2.0; 95% CI,
1.3-3.1; P < .01) for children with ASD compared with children
with TD (Table 3). Similar results were obtained for children
with ASD vs children with DD for all measures except consti-
pation, which was nonsignificant (P = .17) (Table 3). Com-
pared with children with TD at 18 to 36 months, children with
DD had increased odds of constipation (aOR, 1.3; 95% CI, 1.2-
1.4; P <.001; eTable 2 in the Supplement).

Gl Symptoms Over Time
With a longitudinal view of combined GI symptom reports
(Table 4), mothers of children with ASD had greater odds of

jamapsychiatry.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of Rennes 1 User on 12/06/2016



Association of Gastrointestinal Symptoms With Autism

Original Investigation Research

Table 4. Longitudinal Gastrointestinal Symptoms in Children With Autism Spectrum Disorder

vs Children With Typical Development or Developmental Delay

Autism Spectrum Disorder vs Typical Development

Autism Spectrum Disorder vs Developmental Delay

Symptom OR (95% CI) aOR? (95% CI) P Value OR (95% ClI) aOR? (95% ClI) P Value
Diarrhea
None 1 [Reference] 1 [Reference] NA 1 [Reference] 1 [Reference] NA
6-18 mo only 1.1(0.8-1.4) 1.1 (0.8-1.5) .56 1.0 (0.8-1.4) 1.1 (0.8-1.5) .56
18-36 mo only 2.8 (1.2-6.4) 2.3 (1.0-5.3) .05 1.9 (0.8-4.5) 1.8 (0.8-4.3) 17
Both 2.8 (1.6-4.7) 2.4 (1.4-4.2) <.01 2.4 (1.4-4.1) 2.5(1.4-3.8) <.01
Constipation
None 1 [Reference] 1 [Reference] NA 1 [Reference] 1 [Reference] NA
6-18 mo only 2.0(1.3-3.2) 2.3(1.4-3.7) <.01 1.6 (1.0-2.6) 1.7 (1.1-2.8) .03
18-36 mo only 1.1 (0.7-1.7) 1.2 (0.8-2.0) 37 1.0 (0.6-1.6) 1.0 (0.6-1.6) .99
Both 2.7 (1.7-4.4) 3.4 (2.1-5.5) <.001 2.1(1.3-3.5) 2.3(1.4-3.8) <.01
Food allergy/intolerance
None 1 [Reference] 1 [Reference] NA 1 [Reference] 1 [Reference] NA
6-18 mo only 1.9 (1.0-3.6) 1.8 (1.0-3.3) .07 1.7 (0.9-3.2) 1.6 (0.9-3.1) 13
18-36 mo only 2.6 (1.4-4.7) 2.5 (1.4-4.4) <.01 2.1(1.1-3.8) 2.0(1.1-3.7) .02
Both 2.0 (1.1-3.5) 1.8 (1.0-3.2) .04 1.6 (0.9-2.8) 1.5 (0.9-2.8) 14
Any Gl symptom®
None 1 [Reference] 1 [Reference] NA 1 [Reference] 1 [Reference] NA
6-18 mo only 1.1 (0.8-1.6) 1.2 (0.8-1.7) 38 1.1 (0.7-1.5) 1.1 (0.8-1.6) 50
18-36 mo only 1.6 (0.9-2.6) 1.7 (1.0-2.8) .06 1.3(0.8-2.3) 1.3(0.8-2.3) .32
Both 2.5(1.7-3.5) 2.6 (1.8-3.7) <.001 2.0(1.3-2.9) 2.1(1.4-3.0) <.001

Abbreviations: aOR, adjusted odds ratio; G, gastrointestinal; NA, not applicable; OR, odds ratio.

2 Adjustment variables include sex, year of birth, maternal educational level, maternal smoking, and breastfeeding.

® Any Gl symptom includes diarrhea, constipation, and food allergy/intolerance.

persistent GI symptom reports compared with mothers of chil-
dren with TD and DD. The odds of reporting diarrhea (aOR, 2.4;
95% CI, 1.4-4.2; P < .01), constipation (aOR, 3.4; 95% CI, 2.1-
5.5; P <.001), and any GI symptom (aOR, 2.6; 95% CI, 1.8-3.7;
P < .001) for children with ASD in both age periods were in-
creased more than 2-fold compared with children with TD. A
similar pattern of results was obtained for children with ASD
vs DD for all measures except food allergy/intolerance, which
was nonsignificant (P = .14). Compared with children with TD,
children with DD had a modest increase in the odds of having
persistent constipation across both age periods (aOR, 1.5; 95%
CI, 1.3-1.7; P = <.001; eTable 3 in the Supplement).

|
Discussion

To our knowledge, this is the first population-based analysis
to use prospective maternal report to examine the associa-
tion between ASD and GI symptoms and to include compari-
sons with children with TD and DD. We found that children with
ASD were more likely to experience GI symptoms as infants
and toddlers than children with TD and more likely to have had
constipation than children with DD. Through 18 months, chil-
dren with ASD were more likely to have had constipation and
food allergy/intolerance by maternal report than children with
TD, and more likely to have constipation than children with
DD. In the later-age period, children with ASD were more likely
to experience each of the 3 symptoms compared with chil-
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dren with TD and more likely to experience diarrhea and/or
food allergy/intolerance compared with children with DD. Fi-
nally, they were more than twice as likely to experience GI
symptoms in both age periods than either of the other 2 groups
of children, suggesting more persistent GI disturbance.

The only other population-based prospective study pro-
viding maternal report of GI symptoms for children at com-
parable agesis the Avon Longitudinal Study (ALSPAC).3 In the
related analyses, children with ASD were compared only to co-
hort members without ASD; comparisons were not drawn with
children with DD. Significant differences in stool frequency be-
tween the ASD and non-ASD groups emerged at age 30 and 42
monthsin the ALSPAC analysis, when the ORs for children with
ASD were significantly higher for maternal reports of daily stool
frequency of 4 or more (OR at 30 months, 3.73; 95% CI, 1.11-
12.55; P = .004; OR at 42 months, 6.46; 95% CI, 1.83-22.71; P <
.001). The prevalence of diarrhea in the 30- to 42-month age
period was also higher in children with vs without ASD (57.6%
VS 44.0%, P = .04). In contrast, no significant differences were
found between children with and without ASD with respect
to constipation, which the investigators defined as passage of
hard stool or frequency of less than 1 stool per day during fol-
low-up to 42 months of age. Analysis of feeding symptoms re-
vealed that at 54 months, 8% of children with ASD were eat-
ing a special diet for “allergy” compared with 2% of children
without ASD.?® Direct comparison of our ABC Clinic findings
to those of ALSPAC would not be appropriate given differ-
ences in GI symptom measurements; however, there is broad
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agreement on excess occurrence of food allergy/intolerance and
emergence of group differences with respect to diarrhea dur-
ing the third year of life, as viewed cross-sectionally.

Strengths and Limitations

The major strengths of this study are our use of a large, well-
characterized, population-based birth cohort; prospective data
collection, including symptom reports; and the diagnosis of
ASD in most children (59%) by standardized assessment in a
research clinic.

The main limitations of this study relate to maternal re-
ports of GI symptoms. There is little published information on
the validity of maternal report of GI features in infants and tod-
dlers, with the exception of food allergy/intolerance. Food al-
lergy/intolerance is subject to both overreporting and
underreporting.”” Because diarrhea and constipation are highly
visible to caretakers of infants and toddlers and require little
ifany communicative input from the child, recognition is likely
optimized. Endorsements of these symptoms are limited to
commonsense understanding because questionnaires did not
provide symptom definitions (eg, frequency or duration).

Maternal factors associated with overreporting, if also as-
sociated with ASD, would complicate interpretation of study
results. Some candidate factors (eg, maternal educational level)
are already controlled in the adjusted analyses. Accounting for
maternal inexperience (parity or maternal age) had no effect
on findings. It is possible that mothers of children with ASD
may overreport GI symptoms. We believe this is unlikely for
several reasons. Among older children referred to GI special-
ists, Gorrindo et al*® found that parents of children with and
without ASD achieve high interrater reliability with physi-
cians concerning the presence of any functional GI disorder de-
spite a tendency for parents of children with ASD to underre-
port symptoms. Furthermore, GI reports in this study were
obtained, in most cases, before the diagnosis of ASD. In a com-
parison of mothers of children with ASD who indicated their
child had “autistic traits” at 36 months with those who did not,
no differences were found in overall symptom report or re-
porting of the specific symptoms of diarrhea and constipa-
tion. There were differences in report of food allergy/
intolerance, however, accentuating the need for additional
caution when examining maternal report of this category of
symptoms.

Another potential limitation pertains to the criteria for de-
fining the children with DD. The objective in comparing the
children with ASD to the children with DD was to establish the
risk of GI symptoms beyond what is expected to arise from DD
alone. Heterogeneity in the DD group, in terms of type and
number of dimensions affected, was explored in a post hoc
analysis comparing children with ASD to children with DD with
LD only, MD only, or both LD and MD (eTable 4 and eTable 5
in the Supplement). Results of these analyses support the over-
all findings; however, they also suggest that findings do not
wholly apply to comparisons with children with more severe
degrees of global impairment.

Finally, the representativeness of the sample is affected by
incomplete case ascertainment and incomplete participation
in the 18- and 36-month questionnaires. Ascertainment of ASD
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cases in the cohort is ongoing. Ascertainment is notably in-
complete for higher-functioning cases, typically diagnosed at
older ages, as well as for younger members of the cohort, based
on length of follow-up. The case sample is thus weighted to
more severe cases. The effect of the case mix on results is un-
certain. Post hoc analysis (eTables 6-9, eFigure 1, and eFigure
2 in the Supplement) by diagnostic subgroup reveals that the
main findings are replicated within the autistic disorder and
pervasive developmental disorder not otherwise specified sub-
groups but only replicated in part for the subgroup with As-
perger syndrome. More conclusive analysis awaits the detec-
tion of additional cases.

Participation in the 18- and 36-month questionnaires was
75% and 60%, respectively. There is no evidence of differen-
tial loss to follow-up by group status: the prevalence of ASD
among those included and those excluded in the analysis is
comparable. Nonetheless, these response rates impose some
limitations on the representativeness of the analytic sample.*?
Overall, this sample represents a more educated, older group
of respondents.

Implications

There is no shortage of hypotheses to explain the observed as-
sociation between ASD and GI disturbance. One commonly
held explanation is that GI dysfunction is an epiphenomenon
of ASD behavior, specifically food selectivity. Although it has
been shown that the diets of children with ASD quickly di-
verge from the norm, overall nutritional intake has not been
shown to differ,® and a nutritional profile associated with GI
in ASD has not yet been found.?®2° Among the many other plau-
sible explanations for the association are shared genetic
factors3°34 and shared mechanisms of pathogenesis, includ-
ing those that involve innate immunity,3>” metabolism,3” and
serotonergic signaling.3842

Although the nature of the association remains unclear,
findings from our study suggest that future research should
focus on early life, with specific attention paid to the devel-
opment of the enteric nervous system, innate and adaptive im-
munity, microbial colonization of the GI tract, and evolving
feeding or dietary patterns.

Even though GI symptoms are common in early child-
hood, physicians should be mindful that children with ASD may
be experiencing more GI difficulties in the first 3 years of life
than children with TD and DD. Furthermore, the GI symp-
toms may be more persistent in children with ASD. The po-
tential for underrecognition and undertreatment of GI dys-
function in the context of a complicated developmental picture
isreal.’®-?8 Treatments that address GI symptoms may signifi-
cantly contribute to the well-being of children with ASD and
may be useful in reducing difficult behaviors.

. |
Conclusions

In this large prospective cohort study, maternally reported GI
symptoms were more common and more often persistent dur-
ing the first 3 years of life in children with ASD than in chil-
dren with TD and DD.
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