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Abstract
Introduction:  A  high  prevalence  of  gastrointestinal  (GI)  symptoms  has  been  described  in  chil-
dren and  adolescents  with  autism  spectrum  disorder  (ASD).  In  addition,  there  is  evidence  that
presence  of  GI  symptoms  is  associated  to  greater  severity  of  ASD.  However,  the  frequency  of
GI symptoms  in  children  and  adolescents  with  ASD  varies  widely  across  studies,  and  their  true
prevalence  is  unknown.  Therefore,  the  objective  of  this  study  was  to  estimate  the  prevalence
of GI  symptoms  in  children  and  adolescents  with  ASD.
Material  and  method:  We  conducted  a  meta-analysis  following  the  PRISMA  guidelines.  We  car-
ried out  a  rapid  systematic  search  for  recent  clinical  and  observational  studies  published  from
August 2012  in  PubMed.  The  statistical  analyses  were  performed  with  the  software  R.
Results: Of  91  potentially  eligible  articles,  only  8  met  our  inclusion  criteria.  The  prevalence  of
GI symptoms  ranged  between  0%  and  69%,  with  an  estimated  general  prevalence  of  33%  (95%
CI, 13%---57%),  higher  than  that  reported  by  a  previous  meta-analysis  for  the  general  paediatric
population.  This  difference  is  even  greater  in  the  specific  comparison  of  studies  that  applied
the paediatric  version  of  the  ROME  III  questionnaire  (QPGS-ROME  III).
Conclusions:  The  results  confirmed  the  hypothesis  that  there  is  a  higher  prevalence  of  functional

GI symptoms  in  paediatric  patients  with  ASD  compared  to  their  neurotypical  peers.
© 2023  Asociación  Española  de  Pediatŕıa.  Published  by  Elsevier  España,  S.L.U.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
DOI of original article: https://doi.org/10.1016/j.anpedi.2023.05.011
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341-2879/© 2023 Asociación Española de Pediatŕıa. Published by Elsevier España, S.L.U. This is an open access article under the CC BY-NC-ND
icense (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.anpede.2023.07.003
http://www.analesdepediatria.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.anpede.2023.07.003&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.anpedi.2023.05.011
mailto:mreal@uji.es
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Anales  de  Pediatría  99  (2023)  102---110

PALABRAS  CLAVE
Trastorno  del
espectro  del  autismo;
Trastornos
gastrointestinales
funcionales;
Síntomas
gastrointestinales;
Microbiota
gastrointestinal;
Metaanálisis;
Prevalencia

Prevalencia  de  síntomas  gastrointestinales  en  trastornos  del  espectro  del  autismo:  un
metaanálisis

Resumen
Introducción:  Se  ha  descrito  una  elevada  prevalencia  de  síntomas  gastrointestinales  (GI)  en  los
niños y  adolescentes  con  trastornos  del  espectro  del  autismo  (TEA).  Además,  se  ha  relacionado  la
presencia  de  dichos  síntomas  con  mayor  gravedad  de  la  clínica  TEA.  Sin  embargo,  la  frecuencia
de síntomas  GI  en  niños  y  adolescentes  con  TEA  es  muy  variable  a  lo  largo  de  los  estudios  y  no
se conoce  su  verdadera  prevalencia.  Por  tanto,  el  objetivo  del  presente  trabajo  fue  estimar  la
prevalencia  de  síntomas  GI  en  niños  y  adolescentes  con  TEA.
Material  y  método: Se  realizó  un  metaanálisis  siguiendo  las  directrices  PRISMA.  Se  llevó  a  cabo
una búsqueda  sistemática  rápida  de  nuevos  estudios  clínicos  y  observacionales  desde  agosto  de
2012 en  PubMed.  Los  análisis  estadísticos  se  realizaron  con  el  software  R.
Resultados:  De  91  artículos  potencialmente  elegibles,  solo  8  cumplieron  nuestros  criterios  de
inclusión.  La  prevalencia  de  síntomas  GI  osciló  entre  el  0  y  el  69%,  con  una  prevalencia  general
estimada  del  33%  (IC  del  95%:  13-57%),  cifra  superior  a  la  reportada  por  un  metaanálisis  previo
para la  población  general  pediátrica.  Esta  diferencia  es  todavía  mayor  al  comparar  específica-
mente los  estudios  que  emplean  la  versión  pediátrica  del  cuestionario  ROMA  III  (QPGS-ROME
III).
Conclusiones:  Estos  resultados  confirman  la  hipótesis  de  que  existe  una  prevalencia  superior
de síntomas  GI  funcionales  en  el  TEA  frente  a  sus  coetáneos  neurotípicos.
© 2023  Asociación  Española  de  Pediatŕıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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utism  spectrum  disorders  (ASDs)  are  a  set  of  neurodevel-
pmental  disorders  characterised  by  persistent  deficits  in
ocial  interaction  and  communication  and  repetitive  pat-
erns  of  behaviour.1 Autism  was  first  described  in  1943  in

 series  of  11  children  aged  2---5  years  by  psychiatrist  Leo
anner,  who  noted  that  6  of  them  had  difficulty  feeding
rom  infancy.  Since  then,  multiple  studies  have  explored
he  association  between  ASD,  gastrointestinal  (GI)  symptoms
nd  eating,  contemplating  the  possibility  of  abnormal  GI
unction  in  these  children.2---4 In  2009,  a  panel  of  experts
athered  at  a  symposium  organised  by  the  North  Ameri-
an  Society  for  Pediatric  Gastroenterology,  Hepatology,  and
utrition  to  review  the  literature  published  by  2012,  which
vinced  that  the  reported  prevalence  of  GI  disorders  in
ase  series  of  children  and  adolescents  with  ASD  ranged
etween  9%  and  91%.4 Some  studies  have  found  that  the
resence  of  GI  symptoms  in  autistic  children  is  associated
ith  an  increased  severity  of  the  symptoms  characteristic
f  ASD  as  well  as  additional  symptoms  (e.g.  sleep  disorders,
nxiety,  aggressive  behaviour,  hypersensitivity  to  certain
timuli),3,5,6 which  could  reflect  an  attempt  on  the  part  of
he  child  to  convey  the  experienced  discomfort  and  are
ften  the  first  warning  sign  of  underlying  GI  problems.7

n  this  regard,  the  evidence  suggests  that  the  interaction
etween  GI  problems  and  the  neuropsychiatric  symptoms
f  ASD  emerges  from  mechanisms  involving  the  gut-brain

xis  that  differ  from  those  present  in  neurotypical  (NT)  chil-
ren  and  adolescents,8,9 and  some  authors  have  proposed
hat  the  association  of  functional  GI  disorders  and  ASD  could
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e  considered  an  overlap  syndrome  that  may  benefit  from
utritional  and  microbiota-targeted  interventions.10

Still,  the  broad  range  of  the  prevalence  estimates  is
ndicative  of  a  lack  of  agreement  between  studies  and
as  cast  a  pall  of  uncertainty  on  many  of  the  hypotheses
hat  based  on  these  results.  A  meta-analysis  published  in
014  found  an  increased  risk  of  functional  GI  symptoms
n  patients  with  ASD,  most  frequently  diarrhoea,  consti-
ation  and  abdominal  pain,11 although  the  prevalence  of
hese  disorders  in  children  and  adolescents  with  ASD  remains
nknown.

In  light  of  the  above,  we  conducted  a  meta-analysis  with
he  aim  of  contributing  estimates  of  the  prevalence  of  GI
ymptoms  in  children  and  adolescents  with  ASD  calculated
ith  adequate  statistical  methods  for  the  first  time  in  the

cientific  literature.

aterial and methods

he  meta-analysis  adhered  to  the  recommendations  of  the
referred  reporting  items  for  systematic  reviews  and  meta-
nalyses  (PRISMA)  statement12 (Appendix  B,  Supplemental
able  1).

earch  strategy

e  conducted  a  rapid  systematic  search  of  recent  clin-

cal  and  observational  studies  published  from  the  date
f  publication  of  the  review  conducted  by  Coury  et  al.
01/08/2012)4 to  present  in  PubMed  via  MEDLINE.  The  search
trategy  was  the  following:  (Asperger’s  OR  Autism  OR  Autism

3
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pectrum  disorder  OR  Autistic  OR  Pervasive  developmen-
al  disorder  OR  PDD-NOS)  AND  (Abdominal  pain/abdomen
R  bloating  OR  Celiac  OR  Colitis  OR  Constipation  OR  Diar-

hea  OR  Digestion  OR  Digestive  disorders  OR  Disaccharidase
R  Endoscopy  OR  colonoscopy  OR  Esophagitis  OR  Functional
astrointestinal  disorder  OR  Gastroenterology  OR  Gastritis
R  Gastrointestinal  OR  Gluten  OR  Gastroesophageal  reflux
R  Irritable  Bowel  Disease  OR  nausea  OR  reflux  OR  Vomit-

ng).

nclusion  criteria

e  selected  original  articles  that  (1)  reported  data  on  the
revalence  of  GI  symptoms  or  sufficient  data  to  calculate  it,
2)  were  conducted  in  a  representative  sample  of  children
r  adolescents  with  ASD  (3)  whose  diagnosis  of  ASD  was  con-
rmed  with  a  validated  instrument,  (4)  published  in  English
r  Spanish  and  (5)  for  which  the  full  text  was  available.

We  excluded  studies  that  preselected  children  and  ado-
escents  with  GI  comorbidities,  whose  samples  did  not
nclude  children  or  adolescents  with  ASD  (e.g.  coeliac  dis-
ase,  paediatric  eating  disorder,  eosinophilic  oesophagitis),
r  with  samples  that  were  not  representative  of  children
nd  adolescents  with  ASD  for  the  purpose  of  estimating
he  prevalence  of  GI  disorders  (e.g.  children  with  ASD  who
isited  the  emergency  department  due  to  constipation  or
ho  had  received  treatment  before  their  GI  symptoms  were
ssessed).

ata  collection

e  collected  data  on  a  form  designed  for  the  purpose,
ncluding  the  following  fields:  country,  sample  size,  pro-
ortion  of  female  patients,  mean  age  and  age  range,
nstruments  used  to  confirm  the  diagnosis  of  ASD  and  meth-
ds  used  for  assessment  of  GI  function.

ssessment  of  methodological  quality

o  assess  the  quality  of  the  studies,  we  used  a  tool  devel-
ped  for  the  critical  appraisal  of  prevalence  studies.13

e  assessed  quality  based  on  8  criteria,  each  rated  on
 scale  from  0  to  1.  In  this  critical  appraisal  system,  1
oint  was  given  for  each  of  the  following  criteria  that
ere  fulfilled:  (1)  random  sample  or  whole  population,  (2)
nbiased  sampling  frame  (i.e.,  census  data),  (3)  adequate
ample  size  (>30  subjects),  (4)  measures  were  the  stan-
ard,  (5)  outcomes  measured  by  unbiased  assessors,  (6)
dequate  response  rate  (>70%)  refusers  described,  (7)  confi-
ence  intervals  and  subgroup  analysis,  and  (8)  study  subjects
escribed.  The  possible  total  score  ranged  from  0  (poor  qual-
ty)  to  8  (high  quality).  Based  on  the  total  score,  we  classified
tudies  as  having  a  low  (6---8),  moderate  (4---5)  or  high  (0---3)
isk  of  bias.

tatistical  analysis
e  pooled  the  data  with  generic  inverse-variance  weighting
n  an  effects  model,14 applying  double-arcsine  transforma-
ion  to  proportions  to  take  into  account  the  variability
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nd  heterogeneity  in  the  prevalence  rates  reported  in  the
ncluded  studies.15 Several  studies16 have  demonstrated  that
his  adjustment  may  reduce  the  likelihood  of  false  positives,
specially  when  the  number  of  studies  is  small.  We  present
he  main  outcomes  as  proportions  with  the  corresponding
5%  confidence  intervals  (CIs)  and  the  obtained  heterogene-
ty  statistic  values.17

We  assessed  between-study  heterogeneity  with  the
edges  g,  considering  results  statistically  significant  if  the  P
alue  was  less  than  0.10,  and  quantified  it  with  the  I2 index
nd  the  corresponding  95%  CI.18 Index  values  of  25%---50%,
0%---75%  and  75%  or  greater  are  considered  indicative  of  low,
oderate  and  high  heterogeneity,  respectively,19 indicating

he  degree  to  which  the  variance  in  the  results  obtained
or  a  given  exposure-disease  association  can  be  explained
y  sampling  error.  We  carried  out  a  subgroup  analysis  to
xplore  the  expected  sources  of  heterogeneity  in  the  meta-
nalysis  of  observational  studies19 and  a  sensitivity  analysis
o  determine  the  impact  of  individual  studies  on  the  overall
esults  by  omitting  the  data  of  each  study  one  at  a  time.17

e  did  not  perform  a  meta-regression,  as  the  meta-analysis
ncluded  fewer  than  10  studies  and  the  statistical  power  was
nsufficient.20

To  assess  the  risk  of  publication  bias,  we  calculated
he  fail-safe  N,  which  is  more  precise  than  conventional
unnel  plots  for  meta-analysis  of  proportion  studies21 and
ecommended  when  the  analysis  includes  fewer  than  10
tudies.22 The  fail-safe  N  indicates  the  number  of  nonsignif-
cant,  unpublished  (or  missing)  studies  that  would  need  to
e  added  to  the  meta-analysis  to  reduce  an  overall  statis-
ically  significant  result  to  nonsignificance,  so  that  if  the  N
s  large  relative  to  the  number  of  observed  studies,  one  can
eel  fairly  confident  in  the  conclusions.21 To  make  a  graph-
cal  analysis  of  publication  bias,  we  used  the  Doi  plot  and
he  Luis  Furuya-Kanamori  (LFK)  index,  which  are  particu-
arly  suitable  for  meta-analyses  of  proportions  and  offer  a
igher  sensitivity  and  power  than  the  funnel  plot  or  Egger
egression.23 As  regards  their  interpretation,  asymmetry  in
he  Doi  plot  indicates  potential  publication  bias,  and  the  LFK
ndex  provides  a  numerical  measure,  with  values  ±1  consid-
red  to  represent  no  asymmetry,  values  greater  than  ±1  but
ithin  ±2,  minor  asymmetry,  and  values  greater  than  ±2,
ajor  asymmetry.
All  the  statistical  analyses  were  performed  with  the  R

oftware,  using  the  metaprop,  metafor  and  dmetar  pack-
ges  for  meta-analyses  (https://www.r-project.org).  We
alculated  two-tailed  P  values  and  considered  values  of  less
han  0.05  statistically  significant,  unless  otherwise  noted.

esults

tudy  selection

ig.  1  presents  a  flowchart  of  the  article  selection  process.
he  initial  search  yielded  1666  articles,  which  were  reduced
o  91  after  applying  the  following  filters:  Clinical  Study,
linical  Trial,  Comparative  Study,  Controlled  Clinical  Trial,

ulticenter  Study,  Observational  Study,  Pragmatic  Clinical
rial,  Randomized  Controlled  Trial,  2012/08/01---2022/3/14.

After  reading  the  titles  and  abstracts,  46  studies  were
elected  for  reading  of  the  full  text,  after  which  38  were

4
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igure  1  Flow  chart  of  article  selection.
I,  gastrointestinal.

xcluded  for  the  various  reasons  given  in  Fig.  1.  At  the  end,
 articles  were  included  in  the  quantitative  analysis  of  the
revalence  of  GI  symptoms  in  children  and  adolescents  with
SD.

escription  of  selected  studies

able  1  presents  the  main  characteristics  of  the  8  studies
ncluded  in  the  quantitative  review.  Of  all  the  studies,  37.5%
ere  conducted  in  America,24---26 37.5%,  in  Asia27---29 and  the

emaining  25%  in  Europe.30,31 The  sample  sizes  ranged  from
2  to  689  children,  with  a  mean  size  of  134  participants,
hich  decreased  to  54.7  with  the  exclusion  of  the  largest

tudy.31 The  mean  age  was  7.7  years  after  adjusting  for
he  sample  size  of  each  of  the  7  studies  that  provided  this
nformation.24,25,27---30 Last  of  all,  the  proportion  of  female
articipants  ranged  between  0%  and  34.8%,  for  an  overall
roportion  of  girls  and  female  adolescents  of  19.85%  when
he  data  were  pooled.

In  7  of  the  8  studies,  the  diagnosis  of  ASD  was  con-
rmed  by  physicians,  psychiatrists  or  psychologists  at  the
ime  of  recruitment  using  different  validated  diagnostic
nstruments.25---31 This  was  done  through  an  in-person  inter-
iew  with  the  patient  or  the  parents  in  all  studies,  except  in
ne  in  which  2  psychiatrists  reviewed  the  psychiatric  records
f  the  children  to  ensure  they  met  the  diagnostic  crite-
ia  for  ASD  of  the  International  Classification  of  Diseases,
inth  Revision  (ICD-9).30 We  included  a  single  study  that  did
ot  verify  the  diagnosis  at  the  time  of  inclusion  because
he  sample  was  recruited  from  a  register  of  children  with
SD  that  had  undergone  a  thorough  assessment  by  a  doctor
ith  a  broad  range  of  diagnostic  tools,  including  the  Autism

iagnostic  Observation  Schedule  (ADOS).24

There  was  substantial  heterogeneity  in  the  methods  cho-
en  to  assess  GI  function  between  studies.  Only  37.5%
pplied  the  paediatric  version  of  the  Rome  III  question-

o
s
(

10
aire  (QPGS-ROME  III),24,28,29 which  is  widely  recommended
or  diagnosis  of  functional  GI  disorders.31 One  study  used

 variation  of  this  questionnaire  (12.5%)27 and  another
nalysed  the  discharge  diagnoses  of  GI  disorders  in  the
ational  health  records  database,  classified  with  the  ICD
oding  system.30 The  remaining  37.5%  used  different  ques-
ionnaires  that  had  not  been  validated  to  assessed  various
I  symptoms.25,26,31 The  items  more  frequently  included  in
he  assessment  across  studies  were  constipation  or  hard
tools  (analysed  in  87.5%  of  the  studies),24---29,31 abdominal
ain  (75%),24---29 vomiting  or  nausea  (75%),24---29 abdominal
istension/flatulence/aerophagia/excess  gas  (75%)24,27---29,31

nd  diarrhoea  or  soft  stools  (62.5%).24---27,31 Some  studies  also
ncluded  nonspecific  categories  (‘‘other’’).26,30

We  ought  to  mention  that  the  only  study  that  anal-
sed  diagnosed  GI  disorders  did  not  restrict  the  search  to
unctional  disorders,30 and  neither  did  another  study  that
lso  assessed  functional  and  organic  disorders,  such  as  dis-
ases  of  the  pancreas  or  liver,  coeliac  disease  or  lactose
ntolerance.31

As  regards  the  quality  of  the  studies,  2  were  classified
s  low  risk  of  bias28,30 and  3  as  high  risk  of  bias.25,26,31

he  main  limitation  found  in  all  studies  was  the  lack  of
eporting  of  confidence  intervals  for  prevalence  calculations
nd  subgroup  analysis  results,  in  addition  to  the  lack  of  a
opulation-based  sampling  frame,  with  the  exception  of  the
tudy  of  Mouridsen  et  al.30 (Table  1, Appendix  B,  Supplemen-
al  Table  2).

The  prevalence  of  GI  symptoms  ranged  from  0%27 to  69%29

Table  1;  Fig.  2).  We  estimated  an  overall  prevalence  of  GI
ymptoms  of  33%  (95%  CI,  13%---57%),  with  significant  hetero-
eneity  between  studies  (g  test:  P  <  .01;  I2 =  96%)

In  the  subgroup  analysis  conducted  to  identify  the  sources

f  heterogeneity,  we  that  the  reported  prevalence  of  GI
ymptoms  was  greater  in  the  studies  conducted  in  America
38%;  95%  CI,  7%---76%)  or  Asia  (33%;  95%  CI,  5%---70%)  com-
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Table  1  Characteristics  of  the  studies  included  in  the  quantitative  review.

Author/date  Country  Instrument
used  for  GI
diagnosis

Instrument
used  for  ASD
diagnosis

n (ASD)  n  (ASD  +  GI)  Prevalence  of
GI

Age  range,
years

Mean  age,
years  (SD)

%  Female  Methodological
quality  (total
score)

Mouridsen  et  al.,30

2013
Denmark  Discharge

diagnosis  of
National
Hospital
Records
Database  of
Denmark

ICD-9  89  22  24.7%  3---17  8.9  (4.0)  34.8%  7  (low  risk  of
bias)

Pusponegoro
et al.,27 2015

Indonesia  Questionnaire
based  on  Rome
III  criteria  that
was  not
validated

DSM-IV-TR  74  0  0.0%  4.3---6.7  5.2  (NR)  21.6%  4  (moderate
risk  of  bias)

Son et  al.,24 2015  Canada
and  USA.

QPGS-Rome  III
and  health
records

ADOS  59  25  42.4%  7---14  10.3  (1.8)  12.0%  4  (moderate
risk  of  bias)

Navarro et  al.,25

2015
USA  Questionnaire

not  validated
DSM-IV-TR,
ADI,  ADOS

12  2  16.7%  4---7  5.8  (NR)  0.0%  3  (high  risk  of
bias)

Ghalichi et  al.,28

2016
Iran  QPGS-Rome  III  ADI-R  80  43  53.8%  4---16  7.9  (3.4)  26.3%  6  (low  risk  of

bias)
Rubenstein

et al.,26 2018
USA  Questionnaire

not  validated
ADI-R,  ADOS  689  365  53.0%  2.5---5.7  NR  18.1%  3  (high  risk  of

bias)
Ghodsi and

Kheirouri29 2019
Iran  QPGS-Rome  III  DSM-5  36  25  69.4%  4---14  8.6  (2.8)  25.0%  4  (moderate

risk  of  bias)
Jendraszak

et al.,31 2021
Poland  Questionnaire

not  validated
ADI-R,
ADOS-2,
CARS

33  9  27.3%  4---6  5.0  (NR)  12.0%  3  (high  risk  of
bias)

ADI, Autism Diagnostic Interview (-R, revised); ADOS, Autism Diagnostic Observation Schedule; DSM, Diagnostic and Statistical Manual of Mental Disorders (-TR, Text Revision); GI,
gastrointestinal; ICD-9, International Classification of Diseases, Ninth Revision; NR, not reported; QPGS-Rome III, Questionnaire on Pediatric Gastrointestinal Symptoms Rome III version;
6-GSI, 6-Item Gastrointestinal Severity Index.
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Figure  2  Forest  plot  of  the  prevalence  of  GI  symptoms  in  children  and  adolescents  with  ASD.
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igure  3  Forest  plot  of  the  prevalence  of  GI  symptoms  in  ch
tudy was  conducted.

ared  to  those  conducted  in  Europe  (26%;  95%  CI,  0%---71%).
his  difference,  however,  was  not  statistically  significant
Fig.  3).

We  also  found  a  greater  prevalence  of  GI  symptoms  in
tudies  that  applied  the  QPGS-Rome  III  QPGS  questionnaire
55%;  95%  CI,  21%---87%)  compared  to  those  that  used  other
easures  (21%;  95%  CI,  3%---48%)  (Fig.  4).
The  exclusion  from  the  analysis  of  each  of  the  studies  one

y  one  did  not  change  the  overall  prevalence  of  GI  symptoms
btained  from  the  pooled  data,  which  ranged  from  28%  (95%
I,  9%---53%)  with  the  exclusion  of  the  study  by  Ghodsi  and
heirouri29 to  42%  (95%  CI,  26%---59%)  with  the  exclusion  of
he  study  by  Pusponegoro  et  al.27 (Fig.  5).  This  indicates
hat  none  of  the  studies  had  a  disproportionate  impact  on
he  overall  prevalence  of  GI  symptoms.

Last  of  all,  Fig.  6  shows  the  Doi  plot  and  the  obtained  LFK
ndex  of  −2.87,  indicative  of  major  asymmetry,  and  there-
ore  of  a  probable  publication  bias.  However,  the  value  of
he  fail-safe  N  was  730,  which  suggests  that  730  studies  with
ull  results  would  be  required  to  reduce  the  observed  overall
revalence  to  nonsignificance.

iscussion
n  this  meta-analysis,  we  estimated  a  prevalence  of  GI
ymptoms  in  children  with  ASD  of  33%  (95%  CI,  13%---57%),
reater  than  reported  in  a  meta-analysis  published  in  2015

t
c

h

10
n  and  adolescents  with  ASD  based  on  the  continent  where  the

f  GI  symptoms  in  the  general  paediatric  population  aged
---18  years  (13.5%;  95%  CI,  11.8%---15.3%).32 Although  this
omparison  has  limitations,  since  2  studies  in  our  meta-
nalysis  included  children  younger  than  4  years,26,30 a  study
ublished  in  2018  showed  that  there  are  no  significant  dif-
erences  in  the  prevalence  of  GI  symptoms  between  children
ged  0---3  years  and  children  aged  4---18  años.33 These  find-
ngs  corroborate  the  results  of  the  previous  meta-analysis  of
014,  which  estimated  an  odds  ratio  of  4.42  for  the  proba-
ility  of  GI  symptoms  in  children  and  adolescents  with  ASD
ompared  to  their  neurotypical  same-age  peers.11

Another  limitation  of  our  study  is  that  there  was  some
eterogeneity  in  the  criteria  used  to  assess  GI  disor-
ers  in  the  analysed  studies,  as  some  excluded  organic
isorders25,26,31 and  others  did  not.30 In  fact,  the  Rome
II  questionnaires,  recommended  by  the  Sociedad  Española
e  Pediatría  Gastroenterología,  Hepatología  y  Nutrición
ediátrica  (Spanish  Society  of  Paediatric  Gastroenterology,
epatology  and  Nutrition)  for  diagnosis  of  functional  GI  dis-
rders  in  the  paediatric  population,  specifically  include  the
bsence  of  evidence  of  any  organic  disorder  as  a  diagnostic
riterion  in  every  case  definition.34 This  requirement  was
liminated  in  the  most  recent  version  of  the  criteria  (Rome
V),  to  be  replaced  by  ‘‘after  appropriate  medical  evalua-

ion,  the  symptoms  cannot  be  attributed  to  another  medical
ondition’’.35

For  this  reason,  we  considered  particularly  relevant  to
ighlight  that  the  difference  in  the  prevalence  of  GI  symp-

7
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Figure  4  Forest  plot  of  the  prevalence  of  GI  symptoms  in  children  and  adolescents  with  ASD  based  on  the  instrument  used  for
diagnosis.

evalence  of  GI  symptoms  in  children  and  adolescents  with  ASD.
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Figure  5  Forest  plot  of  the  sensitivity  analysis  for  the  pr

oms  was  greater  when  we  specifically  compared  studies
hat  applied  the  QPGS-Rome  III  criteria,  which  was  esti-
ated  at  55%  (95%  CI,  21%---87%)  in  children  and  adolescents
ith  ASD  compared  to  16.4%  (95%  CI,  13.5%---19.4%)  in  the
eneral  paediatric  population.32

Thus,  we  recommend  the  use  of  validated  questionnaires
or  diagnosis  of  functional  GI  disorders  in  this  population,
s  it  could  facilitate  the  analysis  of  aggregate  data  in
he  future.  Furthermore,  since  the  presence  of  GI  symp-
oms  has  been  proposed  as  a  modulator  in  the  aetiology
nd  pathogenesis  of  ASD36 and  the  response  to  different
utritional  therapies,  we  think  that  it  may  be  relevant  to
erform  a  disaggregate  analysis  based  on  the  presence  or
bsence  of  GI  symptoms  when  assessing  the  effect  of  these
nterventions,  as  some  authors  have  done  in  the  past,37 to
etermine  whether  their  effect  on  the  severity  of  ASD  is
ediated  by  the  presence  of  GI  symptoms  or  independent

rom  it.
Last  of  all,  we  ought  to  highlight  that  one  of  the  main

imitations  of  this  study  is  that,  since  it  was  a  rapid  system-
tic  review,  the  search  was  conducted  in  a  single  database,
pplying  restrictive  filters  that  probably  led  to  missing  stud-
es  that  met  the  established  inclusion  criteria.  As  a  result,
he  meta-analysis  included  a  small  number  of  studies  and
e  could  not  make  an  analysis  disaggregated  by  symptom.
owever,  PubMed  is  the  largest  database  in  the  medical

38
iterature and  there  is  evidence  that  the  meta-analysis  of  a
mall  number  of  studies  can  yield  valid  conclusions,39 which
nderscores  the  value  of  the  present  work,  especially  in
ight  of  the  substantial  variation  in  the  reported  prevalence

e
s
t
m

10
igure  6  Doi  plot  for  the  prevalence  of  GI  symptoms  in  chil-
ren and  adolescents  with  ASD.

mong  the  studies  found  in  the  current  literature,  which
akes  their  interpretation,  absent  a quantitative  analysis,
urely  speculative.  In  addition,  we  found  considerable  het-
rogeneity  in  the  results  of  the  different  studies  included
n  the  meta-analysis,  which  could  compromise  the  value
f  aggregating  results  with  meta-analysis  methods.  How-
ver,  as  Cuijppers  (2016),  integrating  the  results  of  multiple
tudies  in  a  meta-analysis  has  several  advantages:  by  com-
ining  individual  studies,  the  statistical  power  to  detect

ffects  (or  their  absence)  is  greater  than  for  individual
tudies.  This  allows  a more  precise  and  accurate  estima-
ion  of  the  true  effect.  Since  the  studies  included  in  a
eta-analysis  are  examined  systematically,  it  is  also  possible

8
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o  explore  inconsistencies  between  studies  and  to  exam-
ne  whether  the  effects  differ  among  specific  subgroups  of
tudies.40

onclusion

n  this  meta-analysis,  the  prevalence  of  GI  symptoms  in
hildren  and  adolescents  with  ASD  ranged  between  0%  and
9%,  with  an  estimated  overall  prevalence  of  33%  (95%  CI,
3%---57%),  a  proportion  that  was  not  affected  significantly  by
he  mean  age  at  the  start  of  follow-up,  patient  sex  or  conti-
ent  where  the  study  was  performed,  but  which  turned  out
o  be  significantly  greater  in  the  disaggregate  analysis  that
nly  included  studies  that  applied  the  paediatric  version  of
he  Rome  III  questionnaire.

Still,  the  significant  between-studies  heterogeneity
vinced  by  the  Hedges  g  calls  for  caution  in  the  interpre-
ation  of  the  results  of  the  meta-analysis.

For  the  purpose  of  minimising  these  methodological  lim-
tations  in  the  future,  we  recommend  the  use  of  validated
uestionnaires  for  the  diagnosis  of  functional  GI  disorders  in
he  paediatric  population  with  ASD,  specifically,  the  Rome
V  criteria,  a  tool  endorsed  by  the  main  societies  of  paedi-
trics  for  the  diagnosis  and  severity  assessment  of  functional
I  symptoms.
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