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Abstract Autism spectrum disorder (ASD) has been
associated with gastrointestinal (GI) problems, but the
nature of this association is unclear. Parents to siblings,
concordant or discordant for ASD (N=217), participated in
a web survey covering mother’s weight gain during preg-
nancy, maternal viral/bacterial infection and use of anti-
biotics, duration of breastfeeding, mode of delivery, birth
weight and child GI problems. ASD was associated with
GI problems and perinatal environmental risk, based on a
summation of maternal infection and antibiotic use during
pregnancy and/or the breastfeeding period. The association
between GI problems and ASD remained within the sibling
pairs (f=1.23; p<.001) in the adjusted model. Our results
indicate non-shared environmental effects on the ASD/GI
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association, but none of the factors examined explained the
link.
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Introduction

In recent years, there has been an increasing interest on the
role of gut microbiota in brain development and behavior,
including the development of brain circuitries that con-
trol learning, emotional and social behavior (Diaz Heijtz
2016). One neuro developmental disorder that exemplifies
this association, with an increasing number of gastrointes-
tinal (GI) problems and an altered composition of the gut
microbiota, is autism spectrum disorder (ASD). Children
with ASD have been reported to be six to eight times more
susceptible to GI problems, such as abdominal pain, diar-
rhea and flatulence, than typically developing individuals
(Adams et al. 2011; Chaidez et al. 2014) and the prevalence
of GI problems among children with ASD varies between
24-70%, depending on study design, participants’ age and
assessments applied (Krajmalnik-Brown et al. 2015). Fur-
thermore, an altered gut microbial composition has been
described in children with ASD, with lower gut bacterial
diversity and an underrepresentation of potentially benefi-
cial bacteria, such as Bifidobacterium, Prevotella and Des-
ulfovibrio, as well as a reduction of short-chain fatty acids
(Vuong and Hsiao 2017; Kang et al. 2017). These findings
indicate that the gut-brain axis may be of importance in
ASD.

The gut microbiota is a complex system with a variety
of microbial species including bacteria, fungi and archaea
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(Dinan and Cryan 2016; Li and Zhou 2016). There is a
bidirectional communication between the gut and the
brain through immune, neuronal or endocrine pathways
(gut-brain axis) and the gut microbiota development coin-
cides with critical windows of brain development (Diaz
Heijtz 2016; Dinan and Cryan 2016). The assembly of
human gut microbiota typically occurs during the first 2 to
3 years of postnatal life and is influenced by genetic factors
as well as perinatal factors. Also, there is evidence that bac-
teria are present before birth in the amniotic fluid (Jimenez
et al. 2008) and in the placenta (Wassenaar and Panigrahi
2014). During birth, the mother’s vaginal and fecal micro-
bial microbiota colonizes the child’s microbiota, while
children born by cesarean section (C-section) instead are
colonized with bacteria from their mother’s skin and, to a
larger extent than children born vaginally, from the delivery
location (Adlerberth and Wold 2009; Shin et al. 2015). Fur-
thermore, exposure to antibiotics, infections, diet (formula),
preterm birth and fever during pregnancy has been shown
to affect the assembly of the gut microbiota (Adlerberth
and Wold 2009; Marques et al. 2010; Diaz Heijtz 2016).

There is a general consensus that heritability is high in
ASD, with estimates ranging between 64-91% (Tick et al.
2016). However, the exact genetic factors driving ASD
phenotypes are still largely unknown and environmental
and epigenetic factors have been suggested to contribute
to risk for ASD (Risch et al. 2014). Animal studies sug-
gest that the gut microbiota may act as an “environmental
agent” that modulates the development of brain circuitries
involved in emotion, cognition and social behavior, thus
raising the possibility that disturbances in gut microbiota
during early life might contribute to the pathophysiology of
ASD (Diaz Heijtz et al. 2011; Arentsen et al. 2015, 2017).
In line with this speculation, factors that are known to alter
the infant gut microbiota such as C-section (Curran et al.
2015a) and absence of breastfeeding (Schultz et al. 2006)
have been associated with an increased risk of ASD. Still,
findings are inconclusive, with some reports showing no
association of breastfeeding and ASD (Husk and Keim
2015) or C-section and ASD when using siblings as con-
trols, indicating genetic familial or shared environment
influences (Curran et al. 2015b).

Using a sibling control approach, this study sought to
further investigate the associations between GI problems
and ASD, also taking into consideration non-shared and
specific early environmental factors that have been sug-
gested to moderate this association. These include C-sec-
tion, exposure to antibiotics, maternal infections, diet, and
birthweight. Previous studies have shown that non-shared
factors represent a major environmental source of vari-
ance for problem behavior (Plomin and Daniels 2011).
Therefore, by using siblings close in age, an adjustment is
introduced as approximately 50% of the genome. During
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meiosis, parents’ genes are combined randomly such that
there is an equal likelihood that siblings will share the same
genes from the mother and father. Also, several factors that
can be attributed to shared environment are controlled for in
such a design (for a review on sibling-comparisons design,
see Lahey and D’Onofrio 2010). Most studies on ASD and
GI problems have been conducted in North America and
predominantly used classical case—control designs. Inde-
pendent cross-cultural studies applying siblings design are
lacking. Thus, we aimed to investigate whether previous
results of associations between GI problems and ASD can
be replicated in a Scandinavian sample of siblings, con-
cordant or discordant for ASD, and furthermore, whether
perinatal risk factors contribute to this relationship.

Methods
Participants and Procedure

Parents with at least two children (closest in age) under
age 10 years, where one or both of the children had been
diagnosed with a neurodevelopmental disorder, or both
offspring were typically developed, were invited to partici-
pate in this survey-based study. Participants were recruited
via advertisements posted at various websites, newsletters,
journals, Facebook pages or local offices of the Karolin-
ska Institutet Center of Neurodevelopmental Disorders
(KIND), autism center for young children (Habilitation and
Health services, Stockholm County Council), and the two
major interest organizations for neurodevelopmental condi-
tions, the Autism and Asperger Association in Stockholm
County and the National Association Attention. The study
was approved by the Regional Ethical Review Board in
Stockholm.

In total, N=217 families were included (N=434 chil-
dren). The informants were mothers (n=197), fathers
(n=4), both parents (n=15), and unspecified (n=1). After
excluding participants where diagnosis was reported as
unclear (i.e. under evaluation or traits), n=415 children
remained for the analysis, of which =206 had an ASD
diagnosis (n=162, 78% males, Md age 7 years) and n=209
had no ASD diagnosis (n=209, 52.7% males, Md age 6
years) as reported by the parents. With regard to sibling sta-
tus, 20 pairs of siblings were concordant for typical devel-
opment, 160 sibling pairs were discordant for ASD, and 18
were concordant for ASD. Almost all of the participating
parents were born in Europe (97.1% of the mothers and
95.2% of the fathers); a majority had studied at university
(65.7 and 51%, respectively) and still lived together (80%).
Data on diagnosis, perinatal information and GI problems
are presented in Table 1. For C-section delivery, there were
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Table 1 Data on sex, age,
diagnosis, perinatal data and

ASD n=206 non ASD n=209

GI-symptoms Sex Males n (%)
Age (in years)
Median (Q1-Q3)
Diagnoses %
Autism
Asperger’s syndrome
Atypical autism/PDD-NOS
NDD other®
Birthweight %
<2kg
2-3kg
34 kg
>4 kg

162 (78.6) 108 (52.7)

7 years (5-9) 6 years (4-8.5)

54.9 -
19.9 -
252 -
46.8 10.2
24 1.0
16 15.1
63.1 62.0
18.4 22.0

Maternal weight gain during pregnancy

Median (Q1-Q3)

Maternal viral/bacterial infection%

Prenatal
Postnatal
Maternal use of antibiotics%
Prenatal
Postnatal
Breastfeeding duration
<6 Months %
Born with C-section %
GlI-symptoms®

14-16 kg (11-20 kg) 14-16 kg (11-20 kg)

47.6 40.4
25.5 24.8
16.9 14.0
13.8 13.5
36.3 31.6
22.8 26.8
2.12 1.67

4NDD neurodevelopmental disorders other than ASD, including ADHD, learning disorders, intellectual
disability, motor disorders (incl tic disorders)

®GI-symptoms were scored as the mean of six symptoms (diarrhea, abdominal pain, flatulence, constipa-
tion, vomiting, other intestinal problems), each of which were rated on a five-point scale

27 discordant pairs. Median age was 7 years for the siblings
with ASD and 6 years for siblings without ASD diagnosis.

Web Survey

Participants completed a web survey with 114 closed items
and open questions covering the socio-economic (e.g.
parent educational level) and medical background of the
parents, health and diet of the mother during pregnancy,
breastfeeding, and the child’s medical history and nutri-
tion during infancy. There was also a separate section with
questions on the sibling closest by age to the index child
with ASD. Items shared by both children are presented in
Supplementary Table S1. The web survey was designed
using the Textalk AB websurvey program.

In this study, diagnoses of autism, Asperger’s syn-
drome, and pervasive developmental disorder not oth-
erwise specified (PDD-NOS) were combined to ASD.
Other neurodevelopmental disorders, including ADHD,

learning disorders, intellectual disability, and motor dis-
orders including tic disorders were categorized as pres-
ence of neurodevelopmental disorder comorbidity.

Diarrhea, abdominal pain, flatulence, constipation,
vomiting, and other intestinal problems were classified as
GI problems. The parent rated the presence of GI prob-
lems on a five-point scale (1 =almost never, 2=seldom,
3 =every month, 4 =every week, 5=every day). Data on
prenatal factors included the presence of maternal viral or
bacterial infection (rated as yes or no), use of antibiotics
during pregnancy (yes, no) and maternal weight gain dur-
ing pregnancy on a five-point scale (<10, 11-13, 14-16,
17-20, >20 kg). Birth data consisted of information on
mode of delivery and birthweight (scored as <2, 2-3, 3—4
and >4 kg). Postnatal factors included length of breast-
feeding on a three-point scale (never, up to 6 months, >6
months), maternal viral or bacterial infection (yes, no)
and use of antibiotics during breastfeeding (yes, no).
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Statistical Analysis

Since the outcome (ASD diagnosis) was dichotomous, we
used logistic regression. Because the observations were
nested within individuals, we used the sandwich estima-
tor to estimate unbiased standard errors. In order to con-
trol all time-invariant confounds within sibling pairs, we
used fixed effects regression (Allison 2009). Unmeasured
time-invariant confounds are controlled by allowing the
pair outcome intercept to correlate with the predictor(s).
All analyses were performed with the R software (R Core
Team 2015) using the drgee package (Zetterqvist et al.
2016).

In order to reduce the number of predictors and thereby
protect against multiple testing and p-hacking, we com-
bined several variables into scales. The parents rated six
GI problems (diarrhea, abdominal pain, gas, constipation,
vomiting and other intestinal problems) on a five-point
Likert scale and the ratings on the six items were aver-
aged into a single scale score, ranging from 1 to 5, where
a higher score indicates more GI problems (internal con-
sistency: Cronbach’s alpha=0.76). Four items measur-
ing environmental risk, including maternal viral/bacterial
infection and use of antibiotics during pregnancy and/or
breastfeeding, were averaged into an environmental risk
scale. This scale ranged from O (no infection/antibiotics)
to 2 (both infection and antibiotics were present during
pregnancy as well as during breastfeeding; internal con-
sistency: Cronbach’s alpha=0.63).

In the first model, we investigated the association
between GI problems and ASD using a regular linear
regression. Next, we used the fixed within-pair analysis,
including environmental predictors and also controlling
for sex, age, birthweight and mother’s weight gain during
pregnancy. Interactions between GI problems and envi-
ronmental risk, breastfeeding and C-section were tested,
and we re-ran the model excluding non-significant inter-
actions. We also included comorbidity, which had a cor-
relation with ASD (r=.64). Finally, as a post-hoc analy-
sis, we re-calculated the model with the environmental
risk factors included individually in order to investigate
whether any environmental risk were more associated
with ASD. Furthermore, as a post-hoc analysis, we also
investigated whether the association between GI prob-
lems and ASD split into DSM-IV subgroups.

Because we used logistic regression, the betas are in
log odds form such that when the predictors increase one
unit, the outcome increases log odds. These, in turn, can
be exponentiated into odds ratios such that when the pre-
dictors increase one unit, the expected change in the out-
come is described in terms of odds.
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Results

Among the ASD cases, 12% reported diarrhea, 19.9%
abdominal pain, 24.8% gas, 18.7% constipation, 0.5%
vomiting and 6.8% other GI symptoms every week or
every day. Among the non-ASD siblings, the prevalence
of GI symptoms weekly or daily were 6.1, 9.9, 10.8, 4.5,
1.5 and 5.8% respectively.

There was an association between GI problems and
ASD, both in the regular linear regression ($=0.70;
p<.001) and in the fixed effect regression within sibling
pairs (f=1.17; p<.001). The within-pair association
between GI problems and ASD is presented in Fig. 1.

Both in the regular regression and in the fixed regres-
sion, the association between GI problems and ASD
remained (#=0.78, p<.001; and pF=1.23, p<.001,
respectively) after adjusting for sex, age, birthweight
and mother’s weight gain during pregnancy and includ-
ing perinatal environmental risk factors (consisting of a
combined risk score representing the additive effects of
maternal infection and use of antibiotics during preg-
nancy and/or breastfeeding), duration of breastfeeding,
and mode of delivery. In the regular regression, C-sec-
tion was negatively associated with ASD (#=-0.80;
p=.003) and there was a trend that environmental risk
was positively associated with ASD (5=0.66; p=.08).
The association between C-section and ASD disappeared
in the within-pairs regression. However, the association
between environmental risk and ASD was strengthened
(#=2.03; p=.004) (Table 2). No interaction effects were
found between environmental factors, breastfeeding,
C-section and GI problems on risk of belonging to the
ASD group. When adding comorbidity into the model,
the association between environmental risk and ASD was
lost.

0.2
I

0.1

-0.1
I

Gastro score relative to pair mean
0.0
|

-0.2

Sibling without autism

Sibling with autism

Fig. 1 Siblings discordant for autism as a function of gastrointestinal
problems
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Table 2 Autism regressed on GI problems and environmental variables, after removing non-significant interactions
Predictor
Regular regression Fixed effects regression
OUTCOME Gastro prob- Environmental Length of C-section Gastro prob-  Environmental Length of C-section
lems risk nursing lems risk nursing
Autism 0.78 (0.17) 0.66 (0.37) —-0.18 (0.15)  —0.80 (0.27) 1.23(0.29) 2.03 (0.70) -0.26 (0.31)  —0.83(0.54)

Bolded are significant at p <.05 (without correction for multiple testing)

Controlling age, sex, birthweight, and mother’s weight gain during pregnancy

Logistic regression betas. Standard errors presented in parentheses

Environmental risk scale consisted of sum of viral and bacterial infection and antibiotic treatment during pregnancy and nursing

In the post-hoc analysis, with the environmental risk
factors included individually, only maternal viral or bac-
terial infection during breastfeeding predicted belonging
to the ASD group (=1.91; p=.004); see Supplementary
Table S2. The association between GI problems and autism
remained when split into DSM-IV subgroups, with the
exception of Asperger’s syndrome, possibly due to limited
power in the model; see Supplementary Table S3.

Discussion

This study examined the relation between pre- and postna-
tal factors, GI problems and ASD within sibling pairs with
and without ASD. It is to our knowledge one of the first
larger studies using such a design and the first to examine
a cohort outside North America. We found an association
between GI problems and ASD. There was also an asso-
ciation between an environmental risk index based on
the presence of maternal viral/bacterial infection and use
of antibiotics during pregnancy and/or the breastfeeding
period and ASD. However, these perinatal environmental
factors did not moderate the association between GI prob-
lems and ASD. Thus, neither maternal infection, nor use
of antibiotics, nor mode of delivery nor duration of breast-
feeding could explain the higher ratings of symptoms of
diarrhea, abdominal pain, flatulence, constipation and vom-
iting among the autistic siblings. Importantly, we are the
first to demonstrate that the ASD/GI problems association
is independent of specific non-shared environmental fac-
tors. The association between environmental risk and ASD
was, however, lost when adjusting for comorbidity, imply-
ing that environmental risk is not specific for ASD, but per-
haps broader, comprising neurodevelopmental conditions
in general.

Our results confirm previous research indicating that
GI problems in children and adults with ASD are fre-
quent (Adams et al. 2011; Chaidez et al. 2014; Krajmal-
nik-Brown et al. 2015). In addition, we found that the

association between GI problems and ASD remained
between siblings, showing that the association is not
driven by shared familial (environmental) influences.
Rather the association appears to be causal and driven
by non-shared environmental factors. Previous studies
have described several non-shared environmental factors
to be associated with both an altered gut microbiota and
ASD. These include premature birth, C-section delivery,
absence of breastfeeding, and exposure to antibiotics or
infections during the perinatal period (Adlerberth and
Wold 2009; Curran et al. 2015a; Marques et al. 2010;
Schultz et al. 2006). Also, within the post-hoc analyses,
the association between GI problems and autism seemed
to be comparable between the autism subgroups.

Several of these non-shared environmental factors were
included in our model. In contrast to what was expected
from previous literature (Curran et al. 2015a), being born
by C-section was associated with a lower risk of belonging
to the ASD group in the regular regression. The negative
association disappeared, however, when we adjusted for
familial effects using within-pair statistics. The latter high-
lights the importance of sibling design. Our results are con-
sistent with a recent study by Curran et al. (2015b) dem-
onstrating that the positive association between C-section
and ASD described in previous studies disappears when
using siblings as controls. Thus, the link between mode of
delivery and ASD is probably not causal, but rather reflects
either shared environmental or genetic effects. Interest-
ingly, the association between maternal infection (viral or
bacterial) and/or use of antibiotics (pregnancy or breast-
feeding period) and ASD remained and was also strength-
ened by using a sibling design. However, the duration of
breastfeeding was not associated with ASD in our model.
Our findings are in agreement with prior research link-
ing extensive antibiotic use (Bolte 1998; Niehus and Lord
2006), a higher burden of mercury (Adams et al. 2007) and
a higher incidence of ear infections (Konstantareas and
Homatidis 1987; Niehus and Lord 2006) with ASD, and
with well-known associations between perinatal factors
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such as maternal infection during pregnancy and autism
(Gardener et al. 2011).

In this study, the association between GI problems and
ASD was independent of common perinatal risk factors
(i.e., maternal viral or bacterial infection and use of anti-
biotics during pregnancy and/or the breastfeeding period).
Thus, the underlying reasons for why ASD is associated
with an increased number of GI problems are likely to
involve other factors. One such potential factor is maternal
stress during pregnancy, which may alter the gut microbi-
ota and barrier function (For a review, see Jasarevié et al.
2015). Although we made an adjustment for shared familial
effects to the association by including siblings, the adjust-
ment is incomplete and genetic effects cannot be ruled out.
A twin difference design would be more appropriate to
explore this matter further. Moreover, it would be interest-
ing to investigate potential association with polymorphisms
in the MET (proto-oncogene receptor tyrosine kinase),
where the C allele has been reported to be more frequent in
a subset of ASD patients with GI problems (Campbell et al.
2009). The association between GI problems and ASD
may also have implications for future treatment options. In
a recent study by Kang et al. (2017), a microbiota trans-
fer therapy (FMT) including antibiotic treatment, bowel
cleanse and extended FMT resulted in an increased bacte-
rial diversity and a reduction in GI problems as well as in
autism symptoms in children with ASD.

There are several limitations to this study that deserve to
be addressed. Our study exclusively relies on parent reports,
which may be biased for several reasons. For example, there
is a risk of recall bias (under-reporting or over-reporting) in
case—control studies where the disease has already occurred
when exposure information is obtained. Parents may be prone
to over-report when seeking for an explanation for the disease
or when they have an assumption about its underlying cause.
For a focus on neurodevelopmental diagnoses it would be
preferable to use data from other information sources besides
the parents, such as medical records and structured diagnostic
interviews. The sibling without diagnosis at the time of the
survey may receive a diagnosis later in life. Nevertheless, we
adjusted for age and sex in the analyses. Due to the design
of the survey, several items were divided into categories
and, hypothetically, the results could differ if, for example,
duration of breastfeeding was measured on a monthly basis
instead of in 6-month categories. The decision to use a cat-
egorization at 6 months of breastfeeding is in line with pre-
vious findings on the effect of breastfeeding up to 6 months
on child cognitive development (Quigley et al. 2012). We
also lack more detailed information regarding the timing of
perinatal infection and treatment with antibiotics. The GI
problems investigated were chosen based on the ROME cri-
teria for functional gastrointestinal disorders (Rome founda-
tion). However, today there are established scales with good
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psychometric properties that could have been used instead,
such as the Gastrointestinal Symptom Rating Scale (Dimenas
et al. 1995) and the questionnaire on pediatric gastrointestinal
symptoms.

In summary, we found an association between ASD and
GI problems, which was independent of shared familial
confounders, thus indicating influences of non-shared envi-
ronmental effects on the association. However, none of the
environmental factors examined in our study explained the
association. Future studies on the GI/ASD association inves-
tigating twins, which would enable the analysis of differen-
tial effects of genetic, shared- and non-shared environmental
effects, are desirable.
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