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Abstract

Background: Gastrointestinal (Gl) problems are one of the most frequent comorbidities in Autism Spectrum
Disorder (ASD) but can be under-recognized due to the concomitant communication difficulties of this population.
Accordingly, some associated behaviors (AB) such as verbal and motor behaviors (VB and MB, respectively) have
been identified as a possible expression of an underlying GI problem and evaluated through an ad hoc
questionnaire (the Associated Behaviors Questionnaire -ABQ-). The aims of this study were to investigate the
presence and the type of AB in an Italian sample of ASD preschoolers, and to determine their correlations with Gl
problems.

Methods: We included 85 ASD preschoolers (mean age 4.14 years; SD 1.08) splitted into two groups (Gl and No-Gl)
through the Gl Severity Index instrument. AB were evaluated through the ABQ that includes VB, MB and Changes
in overall state (C) clusters. Specific tools were administered to evaluate the ASD core ad associated symptoms, as

well as the intellective and adaptive functioning.

emerged in the two groups.

Results: The Gl group (v = 30) showed significantly higher scores in all the three ABQ areas (VB, MB and C) than
the No-Gl group (v = 55), with a positive correlation between Gl symptoms and some specific AB as well as ABQ
Total score. By dividing the whole sample in verbal and non-verbal individuals, both specific and shared AB

Conclusions: Our results alert clinicians to consider behavioral manifestations as a possible expression of Gl
problems in ASD subjects. Therefore, the evaluation of AB may be useful to identify the presence of Gl problems in
the ASD populations, and especially in non-verbal ASD children.
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Background

Autism spectrum disorders (ASD) are a group of neuro-
developmental disorders characterized by social and
communication impairment along with the presence of
repetitive and restrictive behaviors [1]. According to a
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recent Italian population study, the prevalence of ASD
in children aged 7-9 years is of about one in 87 [2].

A number of co-occurring health conditions were de-
scribed in ASD (for a recent systematic review see Musk-
ens et al. [3]), contributing to the considerable ASD
clinical variability, and impacting on quality of life both of
the children and their parents [4]. Within the medical co-
morbidities, gastrointestinal (GI) problems are widely re-
ported by several studies [5-15], and among them
constipation and diarrhea were the most commonly ob-
served symptoms. Marked variation exists among studies
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on the prevalence of GI problems in ASD pediatric popu-
lation, partly related to the different tools used for the GI
assessment [15, 16]. Specifically, the prevalence is greater
in investigations that include functional and idiopathic GI
symptoms, and examine data from parents’ reports con-
sidering longer time intervals [17, 18] than in studies
reporting organic GI diseases, clinician’s evaluation, or
considering shorter time ranges. Moreover, Gorrindo
et al. [19] reported that the majority of GI symptoms in
children with ASD are due to functional causes.

More anxiety and sensory over-responsiveness [20], ir-
ritability [8], sleep problems [21], rigid-compulsive be-
haviors [13, 22], opposition and emotional dysregulation,
as well as anxiety and affective disorders [23] were de-
scribed in ASD subjects with GI impairment in compari-
son with ASD children without GI symptoms. Currently,
there is a paucity of literature on differences in clinical
manifestations between subjects with functional GI
problems and subjects with organic GI problems [15].

Crucially, autism-related communication impairments may
lead to unusual manifestations of GI disorders [24, 25]. In
fact, many children with ASD have limited expressive lan-
guage abilities as well as sensory processing impairments that
could prevent the effective communication and/or the proper
localization of pain of some GI symptoms [24, 26, 27].
Therefore, in ASD children clinical tools based on observable
manifestations could be more useful than those based on re-
ported symptom:s.

Accordingly, in the ‘Consensus Report on the evaluation,
diagnosis and treatment of GI disorders in ASD subjects’
[24] several behaviors (Verbal Behaviours “VB”, Motor Be-
haviours “MB” and Changes in Overall State “C”) that could
be considered as alternative ways of expressing GI disorders
in individuals unable to effectively communicate their dis-
comfort are reported. The authors called all these behaviors
“Associated Behaviors” (AB) [25].

Two studies [28, 29] tested AB in ASD children in
order to determine if they occurred more frequently
when a GI disorder was present. The first investiga-
tion evaluated 487 ASD children with and without
GI problems and showed that unusual sleeping or
eating habits as well as oppositional behaviors were
significantly associated with GI problems [28]. In a
subsequent study [29], the authors proposed a brief
parent-report screen able to identify functional con-
stipation, functional diarrhea, and gastroesophageal
reflux disease (GERD) in ASD children, which min-
imally relied upon the child’s ability to report or to
localize pain. This screening tool asked about the
recurring motor acts described in the Consensus re-
port [24] proving to be particularly useful for identi-
fying cases of GERD.

The exploration of the association between GI symp-
toms and AB could allow to better identify the presence
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of GI problems, improving care and quality of life of
ASD subjects.
Therefore, the main aims of our study are:

1. To investigate the correlation between GI
symptoms and the presence and the type of the AB
reported in the Consensus report [24] in an Italian
sample of preschoolers with ASD;

2. To evaluate possible differences in the expression of
AB between verbal and non-verbal ASD subjects
with GI problems.

Methods

Participants

A total of 85 preschoolers who received a diagnosis of
ASD according to the Diagnostic and Statistical Manual
of Mental Disorders-5th Edition (DSM-5) [1] criteria
were included in this observational case-control study,
comprising 71 males (83.5%) and 14 females (16.5%),
(mean age [SD]=4.14 [1.08] years; range 2.18-6.11
years). Children were recruited from November 2015 to
February 2018 at the ASD Unit of the IRCCS Stella
Maris Foundation (Pisa, Italy), a tertiary care university
hospital.

ASD patients performed the recommended clinical
tests to rule-out medical causes of ASD, including
neurological examination, audiometry, evaluation of thy-
roid function, array comparative genomic hybridization,
DNA analysis of FRA-X and screening tests for inborn
errors of metabolism. The subjects with a diagnosis of
organic GI Disorder (i.e. GERD, food allergies, IBD,
coeliac disease) were excluded because they are less fre-
quently referred to our ASD Unit than subjects with
functional GI symptoms, possibly causing a numerical
imbalance. Subjects with special diet (i.e. gluten-free
diet, casein-free diet, high-protein diet, ketogenic diet)
were also excluded.

The study protocol was approved by the Pediatric
Ethic Committee of the Tuscany Region (Protocol Num-
ber: 126/2014), with written informed consent obtained
from a parent/guardian of each participant. The study
was conducted in accordance with the 1964 Declaration
of Helsinki and its later amendments, and the Inter-
national Conference on Harmonization Guidelines for
Good Clinical Practice.

Instruments

The Gastrointestinal Severity Index (GSI) [30] is an instru-
ment designed to identify signs and symptoms of GI dis-
tress commonly reported by parents of children with
ASD. The GSI includes nine variables: the first six explor-
ing specific GI symptoms (constipation, diarrhea, stool
consistency, stool smell, flatulence, abdominal pain) and
the last three exploring unexplained daytime irritability,
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night-time awakening, and abdominal tenderness. Data
about the first 8 variables were filled out by parents and
rated on a three-point Likert scale (0-2) based on the
severity of symptoms occurring in the last 3 months. Ab-
dominal tenderness was evaluated by a physician through
the abdominal palpation.

The Associated Behaviors Questionnaire (ABQ) is a
questionnaire completed by parents about the behaviors
reported by Buie and colleagues [24] as probably associ-
ated to pain or abdominal discomfort in ASD subjects. It
includes 22 items, rated on a three-point Likert scale
(absent behavior, not very present/infrequent behavior,
very pronounced/very frequent behavior), which can be
grouped into three clusters [24] (see Table 1).

The Autism Diagnostic Observation Schedule-Second
Edition (ADOS-2) [31, 32] is a semi-structured assess-
ment of communication, social interactions, play, im-
agination, and stereotyped or repetitive behaviors used
as the golden standard tool for the diagnosis of ASD
[33]. It includes five modules (Toddler, 1, 2, 3, 4), each
tailored to children language level and age. We used
Toddler Module for 3 children, Module 1 for 71 chil-
dren, and Module 2 for 11 children. The overall score
is obtained from two separate domains, Social Affect
and Restricted, Repetitive Behaviors, and from the sum
of both. Raw scores were converted into calibrated
scores through the Calibrated Severity Score (ADOS-
CSS) [34—-36]. The A1l score of the ADOS-2 (“Total
level of spoken language non-echolalic”) was used to
differentiate non-verbal (those with absent language or
less than 5 words) from verbal children.
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The Repetitive Behavior Scale-Revised (RBS-R) [37]
is a questionnaire completed by parents about the
presence of a broad spectrum of repetitive behaviors.
In our study, we used the Italian version [38]. Total
Score (the sum of all Subscales-Scores), Total
Number-Endorsed Score (the sum of all Number-
Endorsed—Subscale-Scores), and Global Rating Score
(the judgment of the parents of the RRB interference
in the child’s life summarized in a score that ranges
from 1 to 100) were calculated.

The Griffiths Mental Development Scales-Extended Re-
vised (GMDS-ER) [39, 40] are a developmental assessment
procedure including five different subscales (Locomotor,
Personal-Social, Hearing and Speech, Eye and Hand Co-
ordination and Performance) used to assess intellectual
abilities. The subscales yield standardized scores for each
domain. We have used the Performance subscale to meas-
ure the non-verbal skills of each child; 65 out of 85 chil-
dren were evaluable with this test.

The Vineland Adaptive Behavior Scales-Second edition
(VABS-II) [41] is a parent interview that assesses adaptive
functioning in the areas of communication, daily living,
socialization, and motor skills. Scores obtained in these
areas flow into an adaptive behavior composite score.

The Child Behavior CheckList 1.5-5 (CBCL 1.5-5) [42,
43] is a parent-report questionnaire that includes 100 state-
ments about child’s behaviors. These items provide score for
seven syndrome scales: Emotionally Reactive, Anxious/De-
pressed, Somatic Complaints, Withdrawn, Aggressive Be-
havior, Attention Problems and Sleep Problems. Scores of
syndrome scales flow into three summary scales (ie,

Table 1 Behaviors assessed by ABQ as possible markers of abdominal discomfort in individuals with ASD

VB MB

@

Frequent clearing of throat Facial grimacing

Swallowing and/or tics Gritting teeth

Screaming Wincing

Sobbing for no reason at all

Sighing and/or whining
clothes, pica

Moaning and/or groaning

Delayed echolalia that includes
reference to pain or stomach
and direct verbalizations about it

Tapping behaviors

Any unusual posturing

Sleep disturbances (difficulty getting to sleep,
difficulty staying asleep)

Increased irritability (exaggerated responses to
stimuli)

Non-compliance with demands that typically
elicit an appropriate response

Constant eating/drinking/swallowing

Mouthing behaviors as chewing on

Application of pressure to abdomen

Agitation as jumping up and down

Unexplained increase in repetitive behaviors

Self-injurious behaviors

Aggressive behaviors: onset of or increase

Abbreviations: VB Verbal behaviors, MB Motor behaviors, C Changes in overall state
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Internalizing, Externalizing and Total Problems). Finally, it
provides scores for five DSM-Oriented scales: Affective
Problems, Anxiety Problems, Pervasive Developmental Dis-
order (PDD) Problems, Attention Deficit Hyperactivity
Disorder (ADHD) Problems, and Oppositional Defiant
Problems. Demographic and clinical characteristics of par-
ticipants are reported in Table 2.

Information about pharmacological treatments and
food supplements in the previous 3 months were col-
lected: parents reported an acute or episodic administra-
tion of antibiotics (28.2%), probiotics (8.2%), NSAIDs or
paracetamol (14.1%), steroids (8.2%), other drugs with-
out effects on GI symptoms (36.5%), and a chronic ad-
ministration of osmotic laxatives (12.9%).
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Statistical analysis

The Analysis of Variance (ANOVA) was used to com-
pare males vs females for all variables, GI vs No-GI sub-
jects and verbal vs non-verbal subjects for the scores at
the ABQ.

Correlations and regression analysis were computed to
study the relationship between the scores on GI Severity
Index and the scores reported on the ABQ. The multi-
variate regression was used to investigate the impact of
the clinical variables on the differences between the GI
and the No-GI groups.

All statistical analyses were performed using the software
Statistical Package for Social Sciences (SPSS), version 17.0
for Windows [44], with p = 0.05 as the significance level.

Table 2 Clinical characteristics of the whole sample and statistical comparisons of clinical variables between Gl and No-GI groups

Clinical variables Values Gl No-Gl p (No-Gl vs Gl)
Age (years) mean +SD 414+1.08 406 (1.05) 4.19 (1.10) NS
Males n (%) 71 (83.5%) 26 (36.6%) 45 (63.4%) NS
Females n (%) 4 (16.5%) 4 (28.6%) 10 (71.4%) NS
ADOS-2
CSS Social Affect (mean + SD) 6.43 +2.05 6.77 (197) 6.29 (2.05) NS
(CSS Restricted Repetitive Behaviors 823+ 146 843 (1.48) 8.20 (1.45) NS
(mean + SD)
CSS Total (mean + SD) 705+£185 743 (2.01) 6.95 (1.68) NS
GMDS-ER (65 out of 85 children were
evaluable with this test)
Locomotor (mean = SD) 7185+ 18.53 7092 (16.19) 72.88 (20.03) NS
Personal-Social (mean + SD) 54.27 +20.00 4896 (17.48) 57.55(20.72) NS
Hearing and Speech (mean + SD) 4603 +22.38 42.87 (20.20) 4707 (23.32) NS
Eye-Hand Coordination (mean + SD) 66.64 +22.13 62.32 (20.07) 67.72 (24.34) NS
Performance (mean + SD) 70.75+ 2333 67.80 (21.62) 72.26 (24.36) NS
VABS-II
Communication (mean + SD) 50.86 +17.79 4547 (15.22) 5446 (18.80) 0.0274
Daily Living (mean + SD) 66.56 +17.07 3(14.29) 69.07 (17.51) 0.0365
Socialization (mean + SD) 63.55+15.02 60.93 (13.59) 8 (15.83) NS
Motor Skills (mean + SD) 71.88+17.85 69.83 (16.34) 74.71 (17.69) NS
Composite Score (mean + SD) 5940+ 1953 5440 (1851) 62.29 (20.03) NS
CBCL 15-5
Internalizing Problems (mean + SD) 63.85+9.06 6748 (7.80) 62.06 (9.04) 0.0065
Externalizing Problems (mean + SD) 57.10£9.09 59.07 (7.55) 55.82 (961) NS
Total Problems (mean £ SD) 6228 1051 65.35 (10.02) 60.62 (10.30) 0.0469
RBS-R
Total Score (mean + SD) 19.87 +13.87 20.07 (13.27) 19.76 (14.29) NS
Total Endorsed Score (mean =+ SD) 1276 +727 13.03 (6.78) 1262 (7.57) NS
Global Score (mean + SD) 4418 +27.24 60.24 (20.77) 38.12 (27.06) 0.0016

Abbreviations: SD Standard deviation, ADOS-2 Autism Diagnostic Observation Schedule-2, CSS Calibrated Severity Score, GMDS-ER Griffiths Mental Development
Scales-Extended Revised, VABS-II Vineland Adaptive Behavior Scales-Il, CBCL 1.5-5 Child Behavior Checklist 1.5-5, RBS-R Repetitive Behaviors Scale Revised
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Procedure

The correlations of the GI symptoms with the ABQ
Total Score, with the three summary clusters (VB, MB
and C) and with each single item of the ABQ were ex-
amined considering only the first 6 items of GSI (i.e. the
6-GI score) to avoid a possible bias due to the overlap-
ping of survey areas between the other GSI items and
ABQ items.

A total score of 4 or above on GSI (with at least 3
score points from the first six items) was considered
clinically significant for the classification of a subject
within the GI group.

GI vs No-GI subjects and verbal vs non-verbal subjects
were compared, respectively, for their mean scores at
the ABQ considering the ABQ Total Score, the three
summary clusters (VB, MB and C) and each single item
of the ABQ.

The correlation of the 6-GI score with the three sum-
mary clusters and with the single items of the ABQ was
examined in verbal vs non-verbal subjects.

The scores on ADOS-2, VABS-II, RBS-R, CBCL and
GMDS-ER have been used to better characterize our
sample and they have been compared between the GI
and the No-GI groups.

Results

No statistically significant differences were found com-
paring males vs females for all variables, therefore the
sample was considered as a unit. Thirty children (35%)
were in the GI group, and 55 (65%) in the No-GI group.
There were no significant differences in clinical variables
between the GI and the No-GI groups, with the excep-
tion of the Global Score of the RBS-R, the Internalizing
and Externalizing problem scores of the CBCL (all sig-
nificantly higher in the GI group than in the No-GI
group), and of the Communication and Daily Living
adaptive scores of the VABS-II (significantly higher in
the No-GI group than in the GI group) (see Table 2).

Therefore, we examined the correlations of the 6-GI
scores with the ABQ Total Scores in the whole sample
(R=0.422, B=1.394, p = <0.001). In the multiple regres-
sion model, the correlation between the 6-GI scores and
the ABQ Total Scores persisted even after correction for
the variables that significantly differ between the GI and
the No-GI group (p = 0.0026).

As far as the single AB is concerned, a positive correl-
ation between the 6-GI scores and VB total score (p =
0.009), and with “frequent clearing of throat, swallowing
and/or tics” (p =0.043), “screaming” (p = 0.048), “sighing
and/or whining” (p =0.039), “moaning and/or groaning”
(p =0.003), and “direct verbalization about pain or stom-
ach” (p = 0.015) scores was detected.

In addition, a positive correlation between the 6-GI
scores and MB total score (p =0.015), “facial grimacing”
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(p =0.010), “constant eating/drinking/swallowing” (p =
0.002), “application of pressure to abdomen” (p =0.032),
and “aggressive behaviors” (p =0.032) scores was
observed.

Moreover, a positive correlation between the 6-GI
scores and C total score (p =0.041) was found.

The statistically significant correlations of the 6-GI
scores with the three summary clusters (VB, MB and C)
and with the singles items of the ABQ are reported in
Table 3.

Thirty-nine participants (46%) were verbal and 46
(54%) were non-verbal. Among the 39 verbal subjects,
10 children (26%) were in the GI group, whereas among
the 46 non-verbal subjects, 20 children (44%) were in
the GI group. No statistically significant differences were
found between verbal and non-verbal groups as far as
the prevalence of GI subjects (p =0.086), the 6GI scores
and the Total GSI scores (Table 4).

We found significantly higher scores for the GI group
on the “ABQ Total Score”, and in all the three ABQ
cluster scores (Table 4). Furthermore, statistically signifi-
cant higher mean scores were detected in the GI group
than in the No-GI group in the following items: “sighing
and/or whining”, “moaning and/or groaning”, “facial
grimacing”, “constant eating/drinking/swallowing”, “ap-
plication pressure to abdomen”, “tapping behaviors”, and
“sleep disturbances”.

Three items of the ABQ were statistically significant
higher in the non-verbal group than in the verbal group:
“frequent clearing of throat, swallowing and/or tics”,
“moaning and/or groaning”, “mouthing behaviors”.

Then, we examined the correlations between the 6-GI
symptoms and the ABQ Total Score in the verbal group
(R=0.310, B=1.246, p =0.090) and in the non-verbal
group (R=0.481, B =1.634. p = 0.006).

In the verbal group, the 6-GI Score was positively cor-
related with “frequent clearing of throat, swallowing
and/or tics” (p =0.022), “direct verbalization about pain
or stomach” (p =0.018), “constant eating/drinking/swal-
lowing” (p = 0.007), and “sleep disturbances” (p = 0.014).

The statistically significant correlations between the 6-GI
score and the 3 summary clusters (VB, MB and C) and with
each AB of the verbal subjects are reported in Table 3.

In the non-verbal group, the 6-GI score was positively
correlated with VB total score (p=0.001), “screaming”
(p=0.005), “sighing and/or whining” (p = 0.031), “moan-
ing and/or groaning” (p = 0.002), C total score (p = 0.021),
and with “sleep disturbances” (p = 0.045).

The statistically significant correlations between the 6-
GI score and the three summary clusters (VB, MB and
C) as well as with each AB of the non-verbal subjects
are reported in Table 3.

Finally, considering the possible influence of having
more internalizing or more externalizing problems on
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Table 3 Correlations between the 6-Gl and the ABQ scores. Only statistically significant (p < 0.05) scores are reported

ABQ clusters and items

Correlations ABQ/6-Gl scores

Whole sample
VB (overall score)
Frequent clearing of throat, swallowing and/or tics
Screaming
Sighing and/or whining
Moaning and/or groaning
Direct verbalization about pain or stomach
MB (overall score)
Facial grimacing
Constant eating/drinking/swallowing
Application of pressure to abdomen
Aggressive behaviors
C (overall score)
Verbal children
VB (overall score)
Frequent clearing of throat, swallowing and/or tics
Direct verbalization about pain or stomach
MB (overall score)
Constant eating/drinking/swallowing
C (overall score)
Sleep disturbances
Non-verbal children
VB (overall score)
Screaming
Sighing and/or whining
Moaning and/or groaning
C (overall score)

Sleep disturbances

R=0.281B=0.294 p =0.009
R=0.258 B=0.075p =0.043
R=0.252B=0.110 p =0.048
R=0.263 B=0.089 p =0.039
R=0.375B=0.128 p =0.003
R=0.309 B=0.084 p =0.015
R=0264 B=0.526 p =0.015
R=0.325B=0.100 p =0.010
R=0.387 B=0.126 p =0.002
R=0273 B=0.091 p =0.032
R=0.273 B=0.091 p =0.032
R=0222B=0.181 p =0.041

R=0411B=0.119 p =0.022
R=0423 B=0.135p =0.018

R=0474 B=0.184 p =0.007

R=0437B=0207 p =0014

R=0561B=0619 p =0.001
R=0492 B=0.186 p = 0.005
R=0.387 B=0.119 p =0.031
R=0540 B=0.196 p =0.002
R=0414 B=0302 p =0.021
R=0.362 B=0.153 p =0.045

Abbreviations: ABQ Associated Behaviors Questionnaire, G/ Gastrointestinal, VB Verbal behaviors, MB Motor behaviors, C Changes in overall state, R Regression, B

Beta regression coefficient

the subject’s expression of abdominal discomfort, we an-
alyzed the correlations between the CBCL scores (In-
ternalizing, Externalizing, Total Problems) and the 6-GI
scores. The Internalizing Problems and the Total Prob-
lems were significantly correlated with the 6-GI score
(p=0.006 R=0.30, and p=0.036 R =0.23, respectively).
We did not find significant correlation between the 6-GI
scores and the Externalizing Problems.

Discussion

Over the past years, the evaluation and the understand-
ing of GI symptoms in ASD individuals are considerably
improved, and crucially the importance of considering
behavioral symptoms as a possible expression of GI dis-
tress is repeatedly emerging [13, 15, 19, 22, 28, 29].

To the best of our knowledge, this is the first study
that seeks to investigate the possible association between
all the AB and GI symptoms, with the aim of contribut-
ing to a better comprehension of the way by which ASD
subjects signal the presence of a GI problem.

Results pointed out to significantly higher scores in
ABQ Total scores as well as in the scores of the three
clusters proposed by Buie and colleagues [24] in subjects
with significant GI symptoms than in subjects without,
with some AB significantly associated to the presence of
an underlying GI problem. The abovementioned associ-
ation was maintained independently from clinical vari-
ables -involving the adaptive functioning and emotional-
behavioural psychopathology- that distinguish GI from
No-GI subjects. These findings could provide a new in-
terpretation for some events that are usually considered
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Table 4 Significant differences in ABQ scores between ASD children with and without GI symptoms, and between verbal and non-

verbal subjects

Gl children No-Gl children p <001* Verbal children Non-verbal children p <001*%
n =30 n=55 < 0.001** n=39 n=46 < 0.001**
6-Gl Scores 443 £1.28 0.82 + 0.80 <0.0071** 1.74 £ 1.74 239 £ 216 NS
Total GSI Scores 6.73 +1.70 204 +153 < 0.001** 310+ 238 420+ 297 NS
Associated Behaviors
Total Score 1421 +£ 575 933+£6.03 0.001%*
VB (overall score) 367 + 229 255+ 1.87 0.017
MB (overall score) 6.93 + 431 487 + 363 0.022
C (overall score) 267 =160 191 £ 1.59 0.039
Frequent clearing of throat, swallowing and/or tics 0.16 + 044 0.53 + 063 0.003
Sighing and/or whining 0.89 £ 063 0.53 £ 060 0.012
Moaning and/or groaning 0.78 £ 0.70 0.34 £ 052 0.002* 0.34 £ 048 062 + 0.70 0.044
Facial grimacing 0.78 £ 0.58 031+ 047 <0.001%*
Constant eating/drinking/swallowing 0.80 £ 0382 022 £ 050 <0.001**
Mouthing behaviors as chewing on clothes, pica 0.29 + 0.56 064 £ 0.75 0.022
Application of pressure to abdomen 061 £0.79 0.25 £ 044 0.010*
Tapping behaviors 0.15+ 036 002 +0.13 0.021
Sleep disturbances 1.21 £0.69 064 +0.78 0.001**

Abbreviations: Gl Gastrointestinal, No-G/ Non-Gastrointestinal, GS/ Gastrointestinal Severity Index, VB Verbal behaviors, MB Motor behaviors, C Changes in

overall state

part of the autistic symptomatology [15, 45]. The sudden
appearance of self- and other-directed aggression, an in-
crease in motor activity or in repetitive behaviors and a
worsening of global adaptive behaviors in ASD subjects
could suggest clinicians starting or increasing a psycho-
pharmacological treatment that instead could be pre-
vented through a correct diagnosis and appropriate
treatment of the underlying GI problem. Accordingly,
the contribution of GI symptoms to the onset of sudden
irritability or aggressive behavior in non-verbal ASD
children has already been reported [28, 46]. In addition,
we confirm our previous findings showing that ASD
subjects with GI problems have a worse clinical func-
tioning than ASD subjects without GI problems, inde-
pendently from the severity of autistic symptoms [14].
Of note, the presence of more substantial internalizing
or externalizing symptoms may influence the subject’s
expression of abdominal discomfort.

Behaviors like sighing and/or whining, moaning and/
or groaning, facial grimacing and sleep disturbances
are easily associable to the discomfort of an underlying
GI problem. Other manifestations like constant eat-
ing/drinking/swallowing, application pressure to abdo-
men and tapping behaviors are more difficult to
predict in these subjects. Since the action of constantly
eating small amounts of food or repetitively swallow-
ing with a feeling of obstruction (dysphagia) are key
symptoms of gastro-esophageal reflux (GER), we can
hypothesize a link between “constant eating/drinking/

swallowing” behavior and GER. This result could be
particularly relevant, since GER is a problem difficult
to identify in the early stage, which often leads to
medical complications, and usually requires invasive
diagnostic techniques [47]. “Holding the abdomen”
has already been referred to constipation in children
and adolescents with ASD [48], and it could be the
only visible sign of a health issue with a high rate of
hospitalization [49]. It has also been associated with
GERD, intestinal inflammation, malabsorption and
maldigestion [24, 29]. “Tapping behaviors” have been
only recently considered as a possible expression of GI
problems [24], since they were frequently interpreted
as a behavior specific to autism [50]. In all these cases,
the modalities of onset (e.g. sudden or gradual) and
other anamnestic information are needed for symptom
characterization and proper treatment options.
Previously, it has been suggested that the presence of
these AB is not useful per se for the identification of GI
problems, since they are very common also in children
without GI problems [28]. Buie and colleagues [24]
pointed out that the motor behaviors are not specific to
GI problems, but may be indicative of pain or discom-
fort arising also in other parts of the body. Our study
found a positive correlation between the 6-GI score and
all the three ABQ clusters, showing for the first time a
specificity of these behaviors. In particular, some specific
behaviors seem to represent a direct expression of a GI
problem in ASD subjects: vocal behaviors like “frequent
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clearing of throat, swallowing and/or tics”, “screaming”,
“sighing and/or whining”, “moaning and/or groaning’,
“direct verbalization about pain or stomach”, and motor
behaviors like “facial grimacing”, “constant eating/drink-
ing/swallowing”, “application of pressure to abdomen”
and “aggressive behaviors”, as well as “changes in overall
states”.

As far as the comparison between verbal and non-
verbal children, the two groups showed several signifi-
cant differences when the 6-GI Score was taken into ac-
count. “Mouthing behaviors” seemed to differentiate
verbal from non-verbal subjects. “Frequent clearing of
throat, swallowing and/or tics”, “direct verbalization
about pain or stomach” and “constant eating/drinking/
swallowing” are symptoms that characterized the verbal
group with higher 6-GI scores, whereas “screaming”,
“sighing and/or whining” and “moaning and/or groan-
ing” were more representative for the non-verbal group
with higher 6-GI scores. Notably, “sleep disturbances”
were present in both groups, in agreement with previous
literature [28, 51, 52]. Therefore, non-verbal subjects
with a more relevant GI symptomatology show more
frequently vocal behavior and changes in the global state
than verbal subjects with a GI disturb. Interestingly,
there were no significant differences in the prevalence
and severity of GI symptoms between verbal and non-
verbal subjects. In a recent review, the authors con-
cluded that it was not possible to examine the associ-
ation between GI symptoms and verbal skills in subjects
with ASD, since the majority of studies did not distin-
guish the prevalence of GI symptoms on the basis of ex-
pressive language level (e. g. verbal vs non-verbal
subjects). By evaluating the inverse relationship, previous
investigations on relatively small samples detected both
lower verbal abilities [19] and no differences of verbal
skills [6, 53] in ASD children with GI problems com-
pared to ASD children without GI problems. This result
supports the view that non-verbal ASD children differ
from verbal ASD patients only in the modalities of GI
discomfort expression, but not in the prevalence or glo-
bal intensity of GI symptoms. We can hypothesize that
non-verbal children activate a minimally verbal behavior
to report a physical discomfort (AB as “screaming’,
“sighing and/or whining” and “moaning and/or groan-
ing”), while verbal subjects more frequently verbalize
their pain (AB as “direct verbalization about pain or
stomach”). Importantly, the relatively low average age
and the high proportion of subjects not-evaluable at the
psychometric test (i.e. more functionally compromised)
could partly explain the significantly higher presence of
behaviors like “frequent clearing of throat, swallowing
and/or tics” in verbal subjects, as well as the low preva-
lence of “delayed echolalia that includes reference to
pain or stomach” in both groups and in the total sample.
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Crucially, this result indicates that verbal subjects with
autism use direct verbalizations, rather than echolalia, to
signal a discomfort.

It is important to be aware of the atypical presentation
of GI symptoms [54]. Usually, the questionnaires that in-
vestigate the GI symptoms in ASD children are based al-
most exclusively on the symptoms reported by the parents
rather than on the visible signs [6, 20, 52, 53, 55, 56].

The presence of significant GI symptoms has been
evaluated through the administration of parent-report
questionnaire and this could represent a limitation,
particularly in younger subjects or in children with
more severe autistic symptoms [15]. However, a high
concordance between parental reports and gastro-
enterologist evaluations has been reported [19, 29].

In the future, the sensitivity and the specificity of our
results could be enhanced by providing a complete
gastroenterological evaluation in ASD subjects with
higher GI total scores or at least in the positive cases
[29]. Conversely, our protocol could be recommended in
hospitals with limited economic resources.

The GSI does not evaluate the presence of some fre-
quently reported GI symptoms, such as GER and vomiting
and the cut-off we used was based on the examination of
the previous literature, but it is not yet validated. Further-
more, a potential bias derived from the expected numer-
ical disparity between GI and No-GI subjects may affect
interpretation of results. Finally, our results are limited to
functional GI disorders: therefore, additional research on
the associated behaviors in children with organic GI prob-
lems is needed.

In addition, a future comparison between these results
and those obtained from a group of age and sex matched
typical controls could be useful in order to better under-
stand the features of the AB related to the GI symptom-
atology, independently from an ASD diagnosis.

Conclusions
In summary, our results encourage researchers to adapt
the current tools used to investigate GI symptomatology
in ASD subjects, through the addition of items that are
based also on objective measures. The evaluation of AB
may be useful to identify the presence of GI problems in
the ASD populations, and especially in non-verbal ASD
children. Moreover, it is important to enhance clinicians’
awareness of the high co-occurrence of GI symptoms in
ASD subjects, so that targeted investigations can be
undertaken [45].

Our understanding of GI problems in ASD in relation
with AB has come a long way, but further studies and
more systematic research are warranted.

Abbreviations
AB: Associated Behaviors; ABQ: Associated Behaviors Questionnaire; ADOS-
2: Autism Diagnostic Observation Schedule-Second Edition; ANOVA: Analysis



Prosperi et al. BVIC Pediatrics (2019) 19:466

of Variance; ASD: Autism Spectrum Disorder; C: Changes in Overall State;
CBCL: Child Behavior Checklist; DNA: Desoxyribonucleic Acid; DSM-

5: Diagnostic and Statistical Manual of Mental Disorders-5th Edition;

F: Females; FRA-X: Fragile X; GER: Gastro-esophageal reflux; GERD: Gastro
Esophageal Reflux Disease; Gl: Gastrointestinal; GMDS-ER: Griffiths Mental
Development Scales-Extended Revised; GSI: Gastrointestinal Severity Index;
IBD: Irritable Bowel Disease; M: Males; MB: Motor Behaviors; RBS-R: Repetitive
Behaviors Scale Revised; VABS: Vineland Adaptive Behavior Scales; VB: Verbal
Behaviors

Acknowledgements
We gratefully acknowledge the families participating in our research.

Authors’ contributions

MP and ES contributed to the conception and design of the research paper,
conducted the literature review and drafted the manuscript; CN wrote the
first draft of the manuscript and conducted the initial statistical analyses; SC,
RT, and MAM critically revised the manuscript; FM conceptualized and
designed the study and revised the manuscript; LG contributed to the
conception and design of the research paper, conducted the statistical
analysis and revised the manuscript. All authors read and approved the final
manuscript.

Funding

This study is funded by the Italian Ministry of Health and by Tuscany Region
with the grant ‘GR-2011-02348280". This work was also partially supported by
grant from the IRCCS Stella Maris Foundation (Ricerca Corrente, and the "5 x
1000" voluntary contributions, Italian Ministry of Health to FM, RT, SC, ES,
MP). We are also grateful to University of Pisa for supporting Dr. MP with a
research Grant (D.R. n. 33134 29/05/2018). The funding bodies had no role in
the design of the study, in collection, analysis and interpretation of data and
in writing the manuscript.

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available due the privacy policy (containing information that could
compromise research participant privacy/consent), but are available from the
corresponding author on reasonable request and with permission of parents
of the involved children.

Ethics approval and consent to participate

This study protocol was approved by the Pediatric Ethic Committee of
Tuscany Region (Protocol Number: 126/2014), with written informed consent
obtained from a parent/guardian of each participant. The study was
conducted in accordance with the 1964 Declaration of Helsinki and its later
amendments, and the International Conference on Harmonization Guidelines
for Good Clinical Practice.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Developmental Neuroscience, IRCCS Fondazione Stella Maris,
Viale del Tirreno 331, 56128 Calambrone, Pisa, Italy. 2Departmem of Clinical
and Experimental Medicine, University of Pisa, Pisa, Italy. *Child and
Adolescent Neuropsychiatry Unit Department of Biomedical Science,
University of Cagliari and “Antonio Cao” Paediatric Hospital, “G. Brotzu”
Hospital trust, Cagliari, Italy. “Institute of Clinical Physiology, CNR, National
Research Council, Pisa, Italy.

Received: 8 July 2019 Accepted: 19 November 2019
Published online: 29 November 2019

References

1. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders (5th ed.). Washington, DC: American Psychiatric Publishing;
2013.

20.

21,

22.

23.

24,

Page 9 of 10

Narzisi A, Posada M, Barbieri F, Chericoni N, Ciuffolini D, Pinzino M, et al.
Prevalence of autism spectrum disorder in a large Italian catchment area: a
school-based population study within the ASDEU project. Epidemiol
Psychiatr Sci. 2018;6:1-10.

Muskens JB, Velders FP, Staal WG. Medical comorbidities in children and
adolescents with autism spectrum disorders and attention deficit
hyperactivity disorders: a systematic review. Eur Child Adolesc Psychiatry.
2017;26(9):1093-103.

Isaksen J, Diseth TH, Schjolberg S, Skjeldal OH. Observed prevalence of
autism spectrum disorders in two Norwegian counties. Eur J Paediatr
Neurol. 2012;16(6):592-8.

Wang LW, Tancredi DJ, Thomas DW. The prevalence of gastrointestinal
problems in children across the United States with autism spectrum
disorders from families with multiple affected members. J Dev Behav
Pediatr. 2011;32(5):351-60.

Chandler S, Carcani-Rathwell |, Charman T, Pickles A, Loucas T, Meldrum D,
et al. Parent-reported gastro-intestinal symptoms in children with autism
spectrum disorders. J Autism Dev Disord. 2013;43(12):2737-47.

Coury DL, Ashwood P, Fasano A, Fuchs G, Geraghty M, Kaul A, et al.
Gastrointestinal conditions in children with autism spectrum disorder:
developing a research agenda. Pediatrics. 2012;130(Suppl 2):5160-8.
Chaidez V, Hansen RL, Hertz-Picciotto |. Gastrointestinal problems in children
with autism, developmental delays or typical development. J Autism Dev
Disord. 2014;44(5):1117-27.

Kang V, Wagner GC, Ming X. Gastrointestinal dysfunction in children with
autism spectrum disorders. Autism Res. 2014;7(4):501-6.

McElhanon BO, McCracken C, Karpen S, Sharp WG. Gastrointestinal symptoms
in autism spectrum disorder: a meta-analysis. Pediatrics. 2014;133(5).872-83.
Bresnahan M, Hornig M, Schultz AF, Gunnes N, Hirtz D, Lie KK; et al.
Association of maternal report of infant and toddler gastrointestinal
symptoms with autism: evidence from a prospective birth cohort. JAMA
Psychiat. 2015;72(5):466-74.

Fulceri F, Morelli M, Santocchi E, Cena H, Del Bianco T, Narzisi A, et al.
Gastrointestinal symptoms and behavioral problems in preschoolers with
autism spectrum disorder. Dig Liver Dis. 2016;48(3):248-54.

Marler S, Ferguson BJ, Lee EB, Peters B, Williams KC, McDonnell E, et al.
Association of rigid-compulsive behavior with functional constipation in
autism spectrum disorder. J Autism Dev Disord. 2017;47(6):1673-81.
Prosperi M, Santocchi E, Balboni G, Narzisi A, Bozza M, Fulceri F, et al.
Behavioral phenotype of ASD preschoolers with gastrointestinal symptoms
or food selectivity. J Autism Dev Disord. 2017,47(11):3574-88.

Holingue C, Newill C, Lee LC, Pasricha PJ, Daniele Fallin M. Gastrointestinal
symptoms in autism spectrum disorder: a review of the literature on
ascertainment and prevalence. Autism Res. 2018;11(1):24-36.

Dalton N, Chandler S, Turner C, Charman T, Pickles A, Loucas T, et al. Gut
permeability in autism spectrum disorders. Autism Res. 2014;7(3):305-13.
Parracho HM, Bingham MO, Gibson GR, McCartney AL. Differences between
the gut microflora of children with autistic spectrum disorders and that of
healthy children. J Med Microbiol. 2005;54(Pt 10):987-91.
Valicenti-McDermott M, McVicar K, Rapin I, Wershil BK, Cohen H, Shinnar S.
Frequency of gastrointestinal symptoms in children with autistic spectrum
disorders and association with family history of autoimmune disease. J Dev
Behav Pediatr. 2006;27(2 Suppl):S128-36.

Gorrindo P, Williams KC, Lee EB, Walker LS, McGrew SG, Levitt P.
Gastrointestinal dysfunction in autism: parental report, clinical evaluation,
and associated factors. Autism Res. 2012;5(2):101-8.

Mazurek MO, Vasa RA, Kalb LG, Kanne SM, Rosenberg D, Keefer A, et al.
Anxiety, sensory over-responsivity, and gastrointestinal problems in children
with autism spectrum disorders. J Abnorm Child Psychol. 2013;41(1):165-76.
Xue M, Brimacombe M, Chaaban J, Zimmerman-Bier B, Wagner GC. Autism
spectrum disorders: concurrent clinical disorders. J Child Neurol. 200823(1):6-13.
Peters B, Williams KC, Gorrindo P, Rosenberg D, Lee EB, Levitt P, et al. Rigid-
compulsive behaviors are associated with mixed bowel symptoms in autism
spectrum disorder. J Autism Dev Disord. 2014;44(6):1425-32.

Mazefsky CA, Schreiber DR, Olino TM, Minshew NJ. The association between
emotional and behavioral problems and gastrointestinal symptoms among
children with high-functioning autism. Autism. 2014;18(5):493-501.

Buie T, Campbell DB, Fuchs GJ 3rd, Furuta GT, Levy J, Vandewater J,
et al. Evaluation, diagnosis, and treatment of gastrointestinal disorders
in individuals with ASDs: a consensus report. Pediatrics. 2010;125
Suppl 1:51-18.



Prosperi et al. BVIC Pediatrics

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,
42.

43.

44,

45.

46.

47.

48.

(2019) 19:466

Adams JB, Johansen LJ, Powell LD, Quig D, Rubin RA. Gastrointestinal flora
and gastrointestinal status in children with autism--comparisons to typical

children and correlation with autism severity. BMC Gastroenterol. 2011;11:22.

Carr EG, Owen-Deschryver JS. Physical illness, pain, and problem behavior in
minimally verbal people with developmental disabilities. J Autism Dev
Disord. 2007;37(3):413-24.

Oberlander T, ZLK F. Pain in children with autism. In: Mental health and
pain: somatic and psychiatric components of pain in mental health. Paris:
Springer-Verlag; 2014.

Maenner MJ, Areson CL, Levy SE, Kirby RS, Nicholas JS, Durkin MS. Brief report:
association between behavioral features and gastrointestinal problems among
children with autism spectrum disorder. J Autism Dev Disord. 2012:42(7):1520-5.
Margolis KG, Buie TM, Turner JB, Silberman AE, Feldman JF, Murray KF, et al.
Development of a brief parent-report screen for common gastrointestinal
disorders in autism spectrum disorder. J Autism Dev Disord. 2019;49(1):349-62.
Schneider CK, Melmed RD, Barstow LE, Enriquez FJ, Ranger-Moore J, Ostrem
JA. Oral human immunoglobulin for children with autism and
gastrointestinal dysfunction: a prospective, open-label study. J Autism Dev
Disord. 2006;36(8):1053-64.

Luyster R, Gotham K, Guthrie W, Coffing M, Petrak R, Pierce K, et al. The
autism diagnostic observation schedule-toddler module: a new module of a
standardized diagnostic measure for autism spectrum disorders. J Autism
Dev Disord. 2009;39(9):1305-20.

Lord C, Rutter M, Di Lavore P, Risi S, Gotham K, Bishop S. Diagnostic
observation schedule , second edition (ADOS-2) manual (part I):
modules 1-4. Torrance: Western Psychological Services; 2012.

Lord C, Risi S, Lambrecht L, Cook EH Jr, Leventhal BL, DiLavore PC, et al. The
autism diagnostic observation schedule-generic: a standard measure of
social and communication deficits associated with the spectrum of autism.
J Autism Dev Disord. 2000;30(3):205-23.

Gotham K, Pickles A, Lord C. Standardizing ADOS scores for a measure of

severity in autism spectrum disorders. J Autism Dev Disord. 2009;39(5):693—705.

Hus V, Lord C. The autism diagnostic observation schedule, module 4:
revised algorithm and standardized severity scores. J Autism Dev Disord.
2014;44(8):1996-2012.

Esler AN, Bal VH, Guthrie W, Wetherby A, Ellis Weismer S, Lord C. The autism
diagnostic observation schedule, toddler module: standardized severity
scores. J Autism Dev Disord. 2015;45(9):2704-20.

Bodfish JW, Symons FJ, Parker DE, Lewis MH. Varieties of repetitive behavior
in autism: comparisons to mental retardation. J Autism Dev Disord. 2000;
30(3):237-43.

Fulceri F, Narzisi A, Apicella F, Balboni G, Baldini S, Brocchini J, et al.
Application of the repetitive behavior scale-revised--ltalian version--in
preschoolers with autism spectrum disorder. Res Dev Disabil. 2016;48:43-52.
Griffiths R. The Griffiths mental developmental scales, revised. Henley:
Association for Research in Infant and Child Development, the Test Agency;
1996.

Luiz DM, Barnard A, Knoesen N, Kotras N, Horrocks S, McAlinden P, et al.
Griffiths Mental Developmental Scales-Extended Revised: Two to Eight
Years. Analysis Manual. Oxford; Hogrefe; 2006.

Sparrow SS, Cicchetti DV, Balla DA. Vineland adaptive behavior scales. 2nd
ed. Circle Pines: American Guidance Service; 2005.

Achenbach T, Rescorla L. Manual for the ASEBA preschool forms and
profiles. Burlington: University of Vermont, Department of Psychiatry; 2000.
Frigerio A, Cozzi P, Pastore V, Molteni M, Borgatti R, Montirosso R. La
valutazione Dei problemi emotivo comportamentali in un campione
italiano di bambini in eta prescolare attraverso la CBCL. Infanzia e
Adolescenza. 2006;12:26-33.

SPSS Statistics for Windows V. SPSS statistics for windows. Chicago: SPSS
Incvol. Version 17.0; 2008.

Mannion ALG. Gastrointestinal symptoms in autism Spectrum disorder: a
literature review. Rev J Autism Dev Disord. 2014;1:11. https://doi.org/10.
1007/540489-013-0007-0.

Horvath K, Papadimitriou JC, Rabsztyn A, Drachenberg C, Tildon JT.
Gastrointestinal abnormalities in children with autistic disorder. J Pediatr.
1999;135(5):559-63.

Rybak A, Pesce M, Thapar N, Borrelli O. Gastro-esophageal reflux in children.
Int J Mol Sci. 2017;18(8):1671.

Furuta GT, Williams K, Kooros K, Kaul A, Panzer R, Coury DL, et al.
Management of constipation in children and adolescents with autism
spectrum disorders. Pediatrics. 2012;130(Suppl 2):598-105.

49.

50.

52.

53.

54.

55.

56.

Page 10 of 10

Sparks B, Cooper J, Hayes C, Williams K. Constipation in children with autism
Spectrum disorder associated with increased emergency department visits
and inpatient admissions. J Pediatr. 2018;202:194-8.

McDougle CJ, Kresch LE, Goodman WK, Naylor ST, Volkmar FR, Cohen DJ,
et al. A case-controlled study of repetitive thoughts and behavior in adults
with autistic disorder and obsessive-compulsive disorder. Am J Psychiatry.
1995;152(5):772-7.

Williams KC, Fuchs GJ, Furuta GT, Marcon MA, Coury DL. Clinical features
associated with GI symptoms in autism spectrum disorders (ASD).
Gastroenterology. 2010;138(5)(Suppl. 1):S-74.

Mannion A, Leader G, Healy O. An investigation of comorbid psychological
disorders, sleep problems, gastrointestinal symptoms and epilepsy in
children and adolescents with autism spectrum disorder. Res Autism Spectr
Disord. 2013;7(1):35-42.

Williams KC, Christofi FL, Clemmons T, Rosenberg D, Fuchs GJ. Chronic Gl
symptoms in children with autism spectrum disorders are associated with
clinical anxiety. Gastroenterology. 2012;142(5)(Suppl. 1):5-79-80.

Leader GMA. Gastrointestinal disorders. In: Comorbid conditions among
children with autism Spectrum disorders: Springer International Publishing
Switzerland; 2015.

Valicenti-McDermott MD, McVicar K, Cohen HJ, Wershil BK, Shinnar S.
Gastrointestinal symptoms in children with an autism spectrum disorder
and language regression. Pediatr Neurol. 2008;39(6):392-8.

Nikolov RN, Bearss KE, Lettinga J, Erickson C, Rodowski M, Aman MG, et al.
Gastrointestinal symptoms in a sample of children with pervasive
developmental disorders. J Autism Dev Disord. 2009;39(3):405-13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s40489-013-0007-0
https://doi.org/10.1007/s40489-013-0007-0

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Instruments
	Statistical analysis
	Procedure

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

