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Purpose: Various gastrointestinal factors may contribute to maladaptive behavior in children with autism spectrum 

disorders (ASD). To determine the association between maladaptive behavior in children with ASD and gastro-

intestinal symptoms such as severity, intestinal microbiota, inflammation, enterocyte damage, permeability and ab-

sorption of opioid peptides. 

Methods: This observational cross-sectional study compared children with ASD to healthy controls, aged 2-10 years. 

Maladaptive behavior was classified using the Approach Withdrawal Problems Composite subtest of the Pervasive 

Developmental Disorder Behavior Inventory. Dependent variables were gastrointestinal symptom severity index, 

fecal calprotectin, urinary D-lactate, urinary lactulose/mannitol excretion, urinary intestinal fatty acids binding protein 

(I-FABP) and urinary opioid peptide excretion.

Results: We did not find a significant difference between children with ASD with severe or mild maladaptive behavior 

and control subjects for gastrointestinal symptoms, fecal calprotectin, urinary D-lactate, and lactulose/mannitol ratio. 

Urinary opioid peptide excretion was absent in all children. Children with ASD with severe maladaptive behavior 

showed significantly higher urinary I-FABP levels compared to those with mild maladaptive behavior (p=0.019) and 

controls (p=0.015). 

Conclusion: In our series, maladaptive behavior in ASD children was not associated with gastrointestinal symptoms, 

intestinal inflammation (no difference in calprotectin), microbiota (no difference in urinary D-lactate) and intestinal 

permeability (no difference in lactulose/manitol ratio). ASD children with severe maladaptive behavior have sig-

nificantly more enterocyte damage (increased urinary I-FABP) than ASD children with mild maladaptive behavior 

and normal children.
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INTRODUCTION

Autism spectrum disorders (ASD) comprise au-
tism, pervasive developmental disorders not other-
wise specified (PDD-NOS) and Asperger syndrome 
[1]. The global prevalence of autism has risen over 
the years. In 2012, its prevalence was estimated at 
11.3 per 1,000 children [2]. The increased prevalence 
suggests that genetic and evironmental factors play a 
role [3-5]. Children with ASD also present with ac-
companying maladaptive behavior, further impair-
ing the ability to learn and socialize [6].

Several theories have been postulated to explain the 
cause of maladaptive behavior in children with ASD, 
such as the behavioral theory, the sensory integration 
theory, the neurochemical theory and the biological 
theory. According to the biological theory, gastro-
intestinal (GI) symptoms may contribute to the mal-
adaptive behavior [7]. However, other studies have 
not found an association between GI symptoms and 
maladaptive behavior in children with ASD [8,9]. 
According to the neurochemical theory, impaired in-
testinal permeability causes absorption of larger pep-
tides t of dietary gluten and casein than normal. These 
peptides have a morphine-like effect on the brain, and 
are therefore called opioid peptides, and are hypothe-
sized to cause maladaptive symptoms [10]. There is 
still much controversy surrounding both theories.

A link between ASD and GI disturbances has been 
reported in several papers, with a prevalence ranging 
from 23% to 70% [11,12]. These large variations in 
prevalence may be due to differences in criteria used 
to define GI symptoms, study design and character-
istics of the study population. GI symptoms in chil-
dren with ASD are not specific and may include food 
selectivity, regurgitation, constipation, chronic diar-
rhea and abdominal bloating which are hypotheti-
cally associated with an abnormal intestinal micro-
biota, intestinal inflammation and colitis [11,12]. 
Increased GI permeability has been demonstrated in 
children with ASD [13]. Exposure to viral or bacterial 
pathogens may trigger the disorder in some patients 
[14].

The prevalence of GI symptoms in children with 
ASD in Indonesia is not known. Therefore, we aimed 
in this study to determine if there is an association be-
tween the degree of maladaptive behavior in children 
with ASD and the severity of GI symptoms, intestinal 
bacteria and bacterial products, intestinal inflam-
mation, intestinal permeability, enterocyte damage 
and urinary opioid peptide excretion. The under-
standing of the association of maladaptive behavior 
and severity of GI problems may provide new insights 
for an appropriate treatment of children with ASD.

MATERIALS AND METHODS

Study design and subject recruitment
We conducted a cross-sectional observational 

study in children with ASD aged 2 to 10 years and 
age-matched normal controls. Subjects with ASD 
were consecutively recruited from the Anakku Clinic, 
Jakarta, and the Rumah Autis in Bekasi, Tangerang 
and Jakarta. Control subjects were found through a 
call among staff members and their family of the 
Anakku Clinic and Prodia Laboratories, located in 
the same building. Subjects were matched for age 
and socio-economic background. The study was con-
ducted between July 2012 and February 2013.

Inclusion criteria for the children with ASD were 
children aged 2 to 10 years who had been diagnosed 
with autism, Asperger syndrome or PDD-NOS ac-
cording to the Diagnostic and Statistical Manual of 
Mental Disorders, 4th edition text revision (DSM IV 
TR) criteria [15]. All patients had an abnormal or im-
paired development of social interaction and com-
munication and a markedly restricted, repetitive, and 
monotonous (stereotypical) repertoire of activities 
and interests [1,15]. Subjects with ASD were further 
classified into ASD with severe maladaptive behavior 
(“severe maladaptive ASD”) and ASD with mild mal-
adaptive behavior (“mild maladaptive ASD”) using 
the Approach Withdrawal Problem Composite-subt-
est of the Pervasive Developmental Disorder Behavior 
Inventory (Western Psychological Services, Torrance, 
CA, USA) [16]. Maladaptive behavior was classified 
as sensory perception impairment, ritualism and re-
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sistance to change, social pragmatic impairment, se-
mantic pragmatic impairment, impairment in regu-
lation of awareness to surroundings, specific phobias 
and aggressiveness [16]. 

The initial diagnosis of ASD and degree of malad-
aptive behavior was confirmed by the principal in-
vestigator and/or two child psychologists who have 
been working closely with the investigator at the 
Anakku Clinic.

The normal controls were physically and devel-
opmentally normal children aged 2 to 10 years, for 
whom a written parental informed consent had been 
obtained. Children were excluded if they had organic 
disorders. 

The nutritional status was assessed based on the 
curve from the Center for Disease Control and 
Prevention and based on the percentage of the actual 
body weight (BW) in relation to to the ideal BW for 
body height (BH) as recommended by Indonesian 
Pediatric Society and the Waterlow classification 
[17-19]. 

ㆍObesity=BW ≥120% of ideal BW for BH
ㆍOver-nourished=BW ≥110% and ＜120% of ide-

al BW for BH
ㆍWell-nourished=BW ≥90% and ＜110% of ide-

al BW for BH
ㆍUndernourished=BW ≥70% and ＜90% of ide-

al BW for BH
ㆍMalnourished=BW ＜70% of ideal BW for BH
The study protocol was approved by the Medical 

Research Ethics Committee of The University of 
Indonesia Medical School. For all participants, a 
written informed consent of one of the parents was 
obtained prior to data collection. 

Gastrointestinal symptoms measurement
Parents were asked to complete a modified GI 

symptom severity index questionnaire. The cumu-
lative scores from all items were recorded. All sub-
jects were asked to provide fecal samples for meas-
urement of fecal calprotectin using the calprotectin 
ELISA method (Immunodiagnostik AG, Bensheim, 
Germany). Urine samples were also collected to 
measure i) D-lactate to assess intestinal bacterial 

overgrowth (D-Lactate Colorimetric Assay Kit; Ab-
camBiochemicals, Cambridge, UK), ii) intestinal fat-
ty acids binding protein (I-FABP) excretion to assess 
enterocyte damage (Human I-FABP ELISA Kit; 
Hycult Biotech, Uden, The Netherlands), iii) lactu-
lose/mannitol excretion ratio to assess impaired in-
testinal permeability (Acetonitrile Liquid Chroma-
tography Grade; Merck Inc., Whitehouse Station, 
NJ, USA), and iv) opioid peptides (ultra performance 
liquid chromatography-mass spectrometry [UPLC- 
MS], Xevo gen. 2; Waters, Milford, MA, USA). 

Subjects were asked to fast for five hours prior to 
urine sampling, followed by the oral administration 
of a 2 mL/kg standard solution containing 5 g of lac-
tulose, 2 g of mannitol and 40 g of sucrose per 100 mL 
(Novell Pharmaceutical Laboratories and Boehringer 
Ingelheim, Jakarta, Indonesia) to determine the lac-
tulose/mannitol excretion ratio. 

Statistical analysis
The minimum required sample size was calculated 

using the sample size formula for comparing the dif-
ference between means of two independent samples. 
Using a significance level of 0.05 and a power of 80%, 
we obtained a minimum sample size of 70 subjects in 
each group. 

The objective data were correlated with the se-
verity of the maladaptive behavior using one-way 
ANOVA for normally distributed data, and using the 
Kruskal-Wallis test for abnormally distributed data. 

RESULTS

We recruited 268 subjects, of which 225 completed 
the study (Fig. 1). We obtained data from 66 healthy 
controls, 111 children with mild maladaptive ASD, 
and 48 children with severe maladaptive ASD. 
Subject characteristics at inclusion are shown in 
Table 1.

Gastro-intestinal symptoms
GI symptoms were reported in 14/66 (21.2%) chil-

dren in the control group and in 36/159 (22.6%) in 
ASD children, of whom 22/111 (19.8%) had mild 
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Fig. 1. Recruitment of study 
subjects. ASD: autism spec-
trum disorders.

Table 1. Subject Characteristics

Non-ASD
(n=66)

Mild 
maladaptive 

ASD (n=111)

Severe 
maladaptive 
ASD (n=48)

Sex
 Male 37 99 42
 Female 29 12 6
Age (yr) 5.0 (2-10) 5.0 (2.1-10) 6.4 (2.1-10)
Diagnosis
 PDD-NOS – 52 10
 Autism – 53 37
 Asperger’s syndrome – 6 1
Nutritional status 38 86 30
 Undernourished 3 11 4
 Well-nourished 31 61 19
 Overnourished 4 14 7

Values are presented as number only or median (range).
ASD: autism spectrum disorders, PDD-NOS: pervasive develop-
mental disorders not otherwise specified.

maladaptive ASD and 14/48 (29.1%) had severe mal-
adaptive ASD (not significant). The median GI 
symptom severity index was 0 in all groups (p=0.35) 
(Fig. 2).

Inflammation
Fecal calprotectin was measured in 60 healthy 

controls, 102 children with mild maladaptive ASD, 

and 44 with severe maladaptive ASD. The median 
(range) fecal calprotectin excretion was 108.1 (5.3 to 
3,595) in the control group, 100.54 (5.3 to 3,536) in 
the group with mild maladaptive ASD and 56.37 (5.3 
to 2,778) μg/g feces in the group with severe malad-
aptive ASD (p=0.80).

Gastro-intestinal microbiota
Urinary D-lactate was measured in 66 controls, 

109 subjects with mild maladaptive ASD, and 47 
with severe maladaptive ASD. Median (range) uri-
nary D-lactate was 100.11 (41.87 to 777.48) nmol/mg 
creatinine in the control group, 98.7 (34.86 to 
1,441.14) nmol/mg creatinine in the mild malad-
aptive ASD group, and 89.26 (3.1 to 1,767.32) 
nmol/mg creatinine in the severe maladaptive ASD 
group (p=0.35). 

Intestinal permeability
Urinary lactulose-mannitol excretion ratio was 

measured in 62 control children, 102 children with 
mild maladaptive ASD, and 45 children with severe 
maladaptive ASD. The median (range) urinary lactu-
lose-mannitol excretion ratio was 3.63 (0 to 100) in 
the control, 3.05 (0 to 100) in the mild maladaptive 
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Fig. 2. Gastrointestinal disturbance, stool calprotectine level, urine intestinal fatty acids binding protein and lactulose excretion
ratio in the autism spectrum disorders (ASD).

ASD, and 2.53 (0 to 43.75) in the severe maladaptive 
ASD subjects (p=0.45). 

Opioid peptide was absent in all urine samples. 

Enterocyte damage
Urinary I-FABP was measured in 64 controls, 109 

children with mild maladaptive ASD and 47 patients 
with severe maladaptive ASD. Median (range) uri-
nary I-FABP was 69.63 (21.74 to 250.82) pg/mL in 
the controls, 76.02 (13.24 to 930.38) pg/mL in the 
mild maladaptive ASD and 109.08 (29.26 to 1,454.98) 
pg/mL in the severe maladaptive ASD group (p= 
0.01). The difference in urinary I-FABP was sig-
nificant between the severe maladaptive ASD and 
the control groups (p=0.04) and between the severe 

and mild maladaptive ASD groups (p=0.019). There 
was no significant difference in urinary I-FABP be-
tween the mild maladaptive ASD and the control 
groups (p=0.94).

DISCUSSION

The goal of this study was to evaluate if an associa-
tion could be found between maladaptive behavior in 
children with ASD children and GI symptoms, in-
testinal inflammation, intestinal bacterial products, 
increased intestinal permeability, and abnormal ex-
cretion of opioid peptides and enterocyte damage. We 
found that urinary I-FABP, a parameter evaluating 
enterocyte damage, was significantly increased in 
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children with ASD and severe maladaptive behavior. 
Urinary I-FABP was the only parameter that was 

significantly different between controls, children 
with mild maladaptive ASD and the group with se-
vere maladaptive ASD. We found a significant differ-
ence between the severe maladaptive ASD and con-
trol groups (p=0.04) and between the severe and 
mild maladaptive ASD groups (p=0.02). The differ-
ence was not significant between the mild malad-
aptive ASD and the control groups (p=0.94). An in-
creased I-FABP reflects the presence of enterocyte 
impairment or damage [20]. It is elevated in the early 
stages of enterocyte damage and normalizes as cell 
regeneration occurs [20-22]. A significantly higher 
urinary I-FABP without increased lactulose-man-
nitol excretion ratio suggests an enterocyte damage 
which is mild enough to preserve normal intestinal 
permeability. 

We found that GI symptoms were present in about 
20% of all children, without any difference between 
the healthy controls and the ASD children (p=0.35). 
In contrast to our study, Smith et al. [6] showed that 
children with ASD presented significantly more GI 
symptoms when compared to normal children, but 
reported a comparable prevalence in children with 
ASD children and children with other special-need. 
Another study did not find a significant difference in 
the incidence of constipation between children with 
and without ASD [8]. These results suggest that the 
presence of GI symptoms in children with ASD may 
be the result of a neurobehavioral artefact. At least 
three independent studies found the rs1858830 C 
variant in the MET gene promoter to be associated 
with autism [23]. The MET rs1858830 C allele was 
associated with both ASD and GI conditions. Dis-
rupted MET signaling may contribute to increased 
risk for ASD that includes familial GI dysfunction 
[24]. 

Fecal calprotectin was not significantly different 
between controls, children with mild and severe 
maladaptive ASD (p=0.800). The median levels of 
calprotectin were similar in the three groups and in 
each group there were some children with clearly 
elevated levels. Age may be one of the contributory 

factors as infants and young children below 2 years 
of age have been reported with increased fecal cal-
protectin concentrations in the absence of any dis-
ease [25]. Also, major differences exist between spe-
cificity and absolute values between different tests 
[26]. Other factors which may explain the wide 
range of fecal calprotectin may be related to the han-
dling of the samples and the fact that a number of 
these children may have chronic intestinal in-
flammation caused by different microorganisms. 
Anyway, these results suggest that maladaptive be-
havior in children with ASD is not associated with 
intestinal inflammation. Similar results have been 
reported in a study that failed to find elevated fecal 
calprotectin and rectal nitric oxide in children with 
autism [27,28]. However, other investigators have 
found endoscopic and laboratory evidence of in-
testinal inflammation in children with ASD [29].

The lack of a significant difference in urinary 
D-lactate between controls and patients with mild 
and severe maladaptive ASD subjects (p=0.35) sug-
gests that there is no increase in bacteria or bacterial 
products in the GI tract of children with ASD. 
Similarly, another study did not find a difference in 
intestinal microflora between ASD children with 
and without GI symptoms and controls [30].

The urinary lactulose-mannitol excretion ratio 
was not significantly different between controls and 
subjects with mild and severe maladaptive ASD 
(p=0.45). These results suggest that maladaptive be-
havior in children with ASD is not associated with 
impaired intestinal permeability. Similar results 
have been reported previously in ASD children [13]. 
Acute diarrhea and malnutrition may impair in-
testinal permeability and act as confounders [31]. In 
our study, malnutrition was present in only a few 
patients.

No subject showed opioid peptide excretion in the 
urine. These results are in contrast with those re-
ported by some other investigators [13,26]. However, 
these studies used the standard high-performance 
liquid chromatography technique what may be sub-
ject to false positive results as this method is unable 
to differentiate spectrometry peaks caused by opi-
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oids and other substances [10]. We used the more 
specific UPLC-MS method. Two other studies using 
the same method did not find opioid peptides in the 
urine of ASD children [31,32].

Gut and dietary factors are reported to possibly 
worsen or improve transiently behavioral symptoms 
in a subset of persons with ASD. Propionic acid, a 
major short chain fatty acid produced by ASD-asso-
ciated GI bacteria (clostridia, Bacteroides, Desulfovi-
brio) and also a common food preservative, can pro-
duce reversible behavioral, electrographic, neuroin-
flammatory, metabolic, and epigenetic changes clo-
sely resembling those found in ASD when admini-
stered to rodents. More studies on the impact of the 
microbiota on behavioral changes are needed [33].

In conclusion, according to our results malad-
aptive behavior in ASD children seems not asso-
ciated with GI symptoms, intestinal inflammation, 
microbiota and intestinal permeability. However, we 
found arguments for a more important enterocyte 
damage in ASD children with severe maladaptive be-
havior than in ASD children with mild adaptive be-
havior disturbace and normal children. There is no 
evidence of urinary opioid peptide excretion in ASD 
and non-ASD children. Further research is needed 
on the pathogenesis of enterocyte damage in ASD 
children. 
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