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Abstract
Objective:  This  study  examined  the  growth  status  and  physical  development  of  Brazilian  chil-
dren with  autism  spectrum  disorders  from  4  to  15  years  of  age.  Furthermore,  it  was  examined
whether variation  in  growth  patterns  and  weight  status  was  influenced  by  the  use  of  psy-
chotropic medications.
Methods:  One-hundred  and  twenty  children  aged  3.6---12.1  years  at  baseline  (average  =  7.2
years, SD  =  2.3  years)  diagnosed  with  autism  spectrum  disorders  were  measured  on  three
repeated occasions  across  a  4-year  period.  Stature,  body  mass,  and  body  mass  index  were
considered.  Bayesian  multilevel  modeling  was  used  to  describe  the  individual  growth  patterns.
Results: Growth  in  stature  was  comparable  to  the  age-specific  50th  percentile  for  Centers  for
Disease Control  and  Prevention  reference  data  until  approximately  8  years,  but  a  substantial
decrease in  growth  rate  was  observed  thereafter,  reaching  the  age-specific  5th  percentile  at
15 years  of  age.  Both  body  mass  and  body  mass  index  values  were,  on  average,  higher  than

both the  Brazilian  and  Centers  for  Disease  Control  and  Prevention  age-specific  95th  percentile
reference  until  8  years,  but  below  the  50th  specific-age  percentile  at  the  age  of  15  years.
Conclusions:  Brazilian  boys  with  autism  spectrum  disorders  between  4  and  15  years  appear  to
have impaired  growth  in  stature  after  8---9  years  of  age,  likely  impacting  pubertal  growth.  A
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high  prevalence  of  overweight  and  obesity  was  observed  in  early  childhood,  although  a  trend
of substantial  decrease  in  body  mass  and  body  mass  index  was  apparent  when  children  with
autism spectrum  disorders  entered  the  years  of  pubertal  development.
© 2018  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Crescimento  e  massa  corporal  em  crianças brasileiras  com  transtornos  do  espectro
autista:  um  estudo  longitudinal  misto

Resumo
Objetivo:  Este  estudo  examinou  o  estado  de  crescimento  e  o  desenvolvimento  físico  de  crianças
brasileiras  com  transtornos  do  espectro  autista  entre  4  e  15  anos  de  idade.  Adicionalmente,
examinamos  se  a  variação  nos  padrões  de  crescimento  e  na  massa  corporal  foi  influenciada  pelo
uso de  medicamentos  psicotrópicos.
Métodos:  120  crianças  com  idades  entre  3,6  e  12,1  anos  no  início  do  estudo  (média  =  7,2  anos,
DP =  2,3  anos)  diagnosticadas  com  transtornos  do  espectro  autista  foram  avaliadas  em  três
ocasiões repetidas  em  um  período  de  4  anos.  Foram  considerados  estatura,  massa  corporal  e
índice de  massa  corporal.  O  modelo  multinível  bayesiano  foi  utilizado  para  descrever  os  padrões
de crescimento  individual.
Resultados:  O  crescimento  em  estatura  foi  comparável  ao  percentil  50  específico  para  a  idade
para os  dados  de  referência  do  Centro  de  Controle  e  Prevenção  de  Doenças  dos  Estados  Unidos
até cerca  de  8  anos.  Porém,  foi  observada  uma  redução  substancial  na  taxa  de  crescimento
depois dos  8  anos,  atingindo  o  percentil  5  específico  para  a  idade  aos  15  anos  de  idade.  Tanto
os valores  de  massa  corporal  quanto  de  índice  de  massa  corporal  foram,  em  média,  maiores
comparativamente  ao  percentil  95  específico  para  a  idade  até  aos  8  anos  da  referência  brasileira
e do  Centro  de  Controle  e  Prevenção  de  Doenças  dos  Estados  Unidos,  porém  abaixo  do  percentil
50 específico  para  a  idade  aos  15  anos  de  idade.
Conclusões:  Os  meninos  brasileiros  com  transtornos  do  espectro  autista  entre  4  e  15  anos
parecem ter  retardo  do  crescimento  na  estatura  após  os  8---9  anos,  provavelmente  afeta  o
crescimento  púbere.  Foi  observada  uma  alta  prevalência  de  sobrepeso  e  obesidade  na  primeira
infância, apesar  de  uma  tendência  de  redução  substancial  na  massa  corporal  e  no  índice  de
massa corporal  ter  sido  aparente  quando  as  crianças  com  transtornos  do  espectro  autista
entraram  nos  anos  de  desenvolvimento  púbere.
© 2018  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Este é um  artigo
Open Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/4.
0/).
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utism  spectrum  disorder  (ASD)  is  a  group  of  hetero-
eneous  neurodevelopmental  conditions,  characterized  by
arly-onset  impairment  in  social  skills  and  in  social  commu-
ication,  and  by  restricted  and  repetitive  behaviors.1 The
orldwide  prevalence  of  ASD  is  about  1%;  however,  pop-
lation  reports  have  revealed  a  consistent  and  significant
ise  in  ASD  prevalence.  These  changes  may  be  explained
y  advances  in  diagnostic  concepts  and  criteria  and  by
mproved  awareness  and  recognition  of  ASD.1 In  Brazil,  the
revalence  of  ASD  in  school  age  children  is  almost  0.3%.2

Children  with  ASD  likely  have  an  increased  risk  of  obe-
ity  and  obesity-related  metabolic  disorders.3 It  has  been
stimated  that  about  30%  of  children  with  ASD  were  obese,
ompared  to  approximately  24%  of  children  without  ASD.4
ecent  data  shows  a  prevalence  of  42.4%  for  overweight
nd  21.4%  for  obesity  in  children  with  ASD,  compared  to
6.1%  for  overweight  and  12.0%  for  obesity  in  age-matched
hildren.5

w
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i

The  presence  of  restrictive  and  repetitive  behaviors
n  children  and  adolescents  with  ASD  may  impair  motor
kills  development  and  physical  fitness  levels,  leading  to
ow  levels  of  daily  physical  activity.6 Consequently,  this
eads  to  a  high  incidence  of  overweight/obesity  and  asso-
iated  complications.4 Other  influences  on  body  mass  and
omposition  associated  with  ASD  include  food  selectivity,4

astrointestinal  disturbances,7 sleep  problems,8 and  psy-
hotropic  medication.9 Hence,  possible  implications  for
hort-  and  long-term  growth  of  children  with  ASD  should  be
onsidered.10

About  30---60%  of  children  with  ASD  are  prescribed  with
sychotropic  medication  to  treat  behavioral  abnormalities.4

ntipsychotics  use  is  accompanied  by  some  secondary
dverse  metabolic  effects,  such  as  increased  body  mass  gain
nd  metabolic  side  effects.11 However,  available  reports

ith  ASD  patients  are  sparse,  based  on  cross-sectional  obser-
ations,  and  mostly  inconclusive.

For  a considerable  time,  there  has  been  interest
n  growth  and  weight  status  studies  in  children  and
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Growth  of  children  with  autism  spectrum  disorders  

adolescents  with  ASD.12,13 Nonetheless,  the  body  of  data  on
the  physical  status  and  potential  growth  concerns  of  children
with  ASD  remains  limited,  contradictory,  and  inconclusive10

and  mostly  based  on  cross-sectional  observations.  Hence,
research  is  needed  to  fully  assess  the  physical  status  and
potential  growth  concerns  of  children  with  ASD.10 The
present  study  adopted  a  mixed-longitudinal  approach  to
examine  the  growth  patterns  and  weight  status  of  children
with  ASD  from  4  to  15  years  of  age.  Furthermore,  it  was
examined  whether  variation  in  growth  patterns  and  weight
status  was  influenced  by  the  use  of  psychotropic  medica-
tions.

Methods

Study  design  and  participants

This  study  used  a  mixed  longitudinal  design  based  on  three
repeated  measurements  across  a  4-year  span.  The  first  mea-
surement  was  in  March  2014,  the  second  in  March  2015,  and
the  third  observation  in  February  2017.  Boys  with  ASD  aged
3.6---12.1  years  at  baseline  (average  =  7.2  years,  standard
deviation  =  2.3  years)  volunteered  to  participate  in  this  study
(n  =  120).  The  participants  were  recruited  from  a  specialized
pediatric  center  for  populations  with  ASD  located  in  Maceió,
Alagoas  (Brazil).  All  participants  and  their  families  received
information  about  the  study  and  signed  an  informed  consent.
The  study  was  carried  out  in  accordance  with  the  ethical
standards  of  the  Declaration  of  Helsinki,  and  approved  by
the  Human  Ethics  Committee  of  the  Federal  University  of
Alagoas  (Protocol  No.  1.091.864).

The  children  and  adolescents  were  heterogenic  in  terms
of  etiologic  characteristics  (e.g.,  Asperger’s  syndrome,
autism,  or  developmental  disorder  without  specification)
and  use  of  psychotropic  medication.  In  all  cases,  the
diagnosis  of  an  ASD  was  confirmed  by  an  experienced  psy-
chiatrist,  based  on  DSM-IV  criteria.14 Information  about
the  psychotropic  medication  (antiepileptics,  antipsychotics,
antidepressants,  and  stimulants)  used  by  the  participants
was  obtained  from  the  participants’  medical  records.  How-
ever,  access  to  children’s  proportions  of  the  medication
doses  prescribed  was  not  available.

Thirteen  children  were  classified  with  Asperger’s  syn-
drome,  88  were  classified  with  autism,  and  19  were  classified
with  developmental  disorder  without  specification.  Regard-
ing  medication  prescription,  44  children  had  no  prescribed
medication  during  the  period  of  observation;  10  children
were  medicated  with  antipsychotics  (including  risperi-
done  and  pericyazine);  49  children  were  medicated  with
antipsychotics  combined  with  other  stimulant  medications
(methylphenidate),  antidepressants  (including  nortriptyline
and  fluoxetine),  and/or  antiepileptics  (including  carba-
mazepine,  phenobarbital,  and  clonazepam);  17  children
were  medicated  with  stimulants,  antidepressants,  and/or
antiepileptics,  but  not  with  antipsychotics.

Procedures
Chronological  age  was  calculated  to  the  nearest  0.1  year
as  birth  date  minus  testing  date.  Stature  and  body  mass
were  measured  by  a  single  experienced  observer.  Stature
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as  measured  with  a portable  stadiometer  (Seca  model  206,
anover,  MD,  USA)  to  the  nearest  0.1  cm.  Body  mass  was
easured  with  a  calibrated  portable  scale  (Seca  model  770,
anover,  MD,  USA)  to  the  nearest  0.1  kg.  Body  mass  index

BMI)  was  calculated  as  body  mass  (kg)  divided  by  height
quared  (m2).  Reference  age-specific  data  for  the  US  pop-
lation  was  used  to  compare  data  for  stature,  body  mass,
nd  weight  status  based  on  specific  BMI  cut-off  values  for
eference  data,15,16 as  well  as  specific  Brazilian  BMI  cut-off
alues.17

tatistical  analysis

ayesian  modeling
ayesian  methods  treat  parameters  as  random  variables
ombining  both  sample  data  and  prior  distribution  informa-
ion  to  estimate  posterior  information.  Multilevel  modeling
s  a  flexible  and  robust  framework  to  naturally  deal  with
nbalanced  longitudinal  data,  as  in  the  present  study,
vercoming  the  shortcomings  of  conventional  frequentist
ethods  (ordinary  least-squares  and  maximum  likelihood

stimations).18

A  basic  two-level  polynomial  growth  model  curve  was  ini-
ially  used  to  separately  model  stature,  body  mass,  and  BMI
gainst  chronological  age  (see  the  Supplementary  Materials
or  detail  about  the  basic  two-level  polynomial  growth  mod-
ling).  The  model  describes  each  participant’s  successive
easurements  over  time,  defining  the  individual’s  change

t  each  measurement  point  and  its  variation  (level  1),  as
ell  as  the  difference  in  trajectories  between  participants
nd  its  variation  (level  2).  To  capture  growth  at  infancy  and
t  the  onset  of  puberty  for  stature,  this  study  considered  at
east  growth  coefficients  up  to  the  cubic.

Chronological  age  was  centered  at  the  beginning  of  the
verage  of  the  observations  (4.1  years).  This  allows  for  the
odel  to  provide  predicted  values  with  meaningful  infor-
ation  within  the  range  of  observations,  in  particular  the

ntercept  term.  To  examine  the  best  fit  to  describe  the
rowth  trends,  competing  polynomial  models  were  com-
ared,  and  group-level  effects  were  assessed  by  the  widely
pplicable  information  criterion  (WAIC).18 After  establish-
ng  the  polynomial  trends  of  change  in  body  dimensions,
t  was  explored  variation  in  the  trajectories  between  par-
icipants  exposed  to  psychotropic  medication  use  (level  3;
inary  variable----no  medication  or  other  non-psychotropic
edication  coded  0,  psychotropic  medication  use  coded  1).

t  was  determined  whether  there  was  variation  between
articipants  at  the  group  level  (levels  2  and  3)  across  the
ntervals  of  observations.

rior  distributions  of  the  parameters
or  each  of  the  dependent  variables,  i.e.,  stature,  body
ass,  and  BMI,  informative  priors  were  considered  for

he  intercept  term,  based  on  the  reference  estimates  for
tature,  body  mass,  and  BMI  for  the  US  population.15 It  was
onsidered  the  97th  percentile  estimate  for  both  body  mass
nd  BMI,  as  a prevalence  of  obesity,  to  be  expected  in  chil-

ren  with  ASD.3---5,10 For  the  polynomial  growth  estimates
t  the  population  level,  the  estimates  were  regularized
sing  weakly  informative  prior  distributions,  normal  priors
0,  10).  For  group-level  effects,  weakly  informative  prior
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istributions  were  used,  half-Cauchy  priors  (0,  2).  For  the
orrelations  of  group-level  effects,  a  non-informative  LKJ
rior  was  used  (1),  allowing  for  all  correlations  matrices  to
e  equally  likely  a  priori.18,19

ayesian  estimation
our  chains  with  10  000  iterations  with  a  warm-up  length
f  5000  iterations  were  used  to  ensure  convergence  of  the
arkov  chain.  The  convergence  of  the  Markov  chain  was
ssessed  by  a  visual  inspection  of  the  trace  plots.  Visual
nspection  of  standardized  residuals  against  fitted  values,
bserved  values,  and  the  independent  variable  in  the  models
lots  and  observed  against  fitted  values  plots  were  explored
o  determine  the  models’  validity  to  describe  the  data.  Pos-
erior  predictive  checks  were  used  to  confirm  that  relevant
nteractions  were  not  omitted.20 WAIC  was  used  to  compare
odels  and  to  ensure  that  the  data  was  not  overfit.18,20

All  models  were  estimated  by  using  Bayesian  methods
mplemented  via  Markov  Chain  Monte  Carlo  (MCMC)  simula-
ion  and  by  using  Hamiltonian  Monte  Carlo  and  its  extension,
he  No-U-Turn  Sampler  using  Stan,21 obtained  using  brms
ackage19 available  as  a  package  in  the  R  statistical  lan-
uage.

esults

escriptive  estimates  at  each  observation  across  the  35-
onth  period  in  the  Brazilian  children  and  adolescents  with
SDs  are  summarized  in  Table  1.  Also,  the  distribution
f  etiologic  characteristics  (Asperger’s  syndrome,  autism,
r  developmental  disorder  without  specification)  of  the
resent  sample  at  the  baseline  of  observations  is  presented
n  Table  2.  Exploratory  analysis  of  growth  trends  showed
hat  stature  and  BMI  were  best  described  by  a  cubic  model,
hereas  body  mass  was  best  described  by  a  quadratic  model.

The  results  from  the  Bayesian  multilevel  modeling  growth
or  stature,  body  mass,  and  BMI  for  children  and  adolescents
etween  4  and  15  years  of  age  with  ASD  are  summarized
n  Table  3.  The  results  showed  that  changes  in  body  mass
nd  BMI  did  vary  between  children  grouped  by  medication
se  (Table  3).  These  results  imply  that  medication  had  an
nfluence  on  body  mass  and  BMI,  which  was  independent  of
hronological  age  across  the  range  of  observations.

Although  both  growth  in  stature  and  BMI  were
escribed  by  cubic  models,  substantial  age-matched  vari-
tion  between  children  with  ASD  (group-level  effects  at
ntercept)  and  substantial  variation  between  children  for
he  linear  growth  coefficient  was  observed.  Notably,  for
ody  mass,  the  quadratic  pattern  for  population  effects  was
dopted  given  the  substantial  variation  at  the  group  level  in
he  quadratic  term  (between  individual’s  trajectory  varia-
ion).

Brazilian  boys  with  ASD  had  similar  statures  and  growth
round  the  age-specific  50th  percentile  for  reference  North
merican  data  until  about  8  years.  Thereafter,  the  growth  in
tature  tended  to  approach  the  age-specific  10th  percentile
ntil  15  years  (Fig.  1A).  The  average  body  mass  values  and

rowth  rate  were  higher  than  the  95th  specific-age  per-
entile  for  reference  North  American  data  until  about  8
ears,  with  the  rate  of  growth  in  mass  decreasing  there-
fter,  approaching  the  5th  specific-age  percentile  at  the  age
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f  15  years  (Fig.  1B).  As  for  BMI,  average  values  were  higher
han  the  95th  specific-age  percentile  for  reference  North
merican  data  until  9  years,  with  the  rate  of  growth  in  BMI
pproaching  the  age-specific  50th  percentile  at  the  age  of  15
ears  (Fig.  1C).  Hence,  at  least  until  9  years  of  age,  the  chil-
ren  with  ASD  were  obese,  and  a  substantial  part  remained
verweight  at  the  age  of  15  years.  Considering  Brazilian  BMI
eferences,  the  observed  trend  for  obesity  among  infants
ith  ASD  was  confirmed.  However,  at  9  years  of  age,  the
hildren  in  the  present  sample  had  normal  weight  consider-
ng  the  Brazilian  specific-age  references,  and  a  trend  of  more
ronounced  decreasing  BMI  was  noted  entering  the  puber-
al  years,  approaching  the  age-specific  5th  percentile  at  the
ge  of  15  years.

iscussion

he  main  findings  of  these  longitudinal  observations  were
hat  the  body  mass  and  weight  status  of  children  with  ASD
as  influenced  by  the  use  of  psychotropic  medication  alone,
r  combined  with  stimulants  and/or  antiepileptics,  indepen-
ent  of  the  age.  This  study  also  showed  that  children  with
SD  appear  to  have  statures  and  growth  rates  similar  to  refe-
ence  populations15 until  about  8---9  years  of  age.  After  this
ge,  there  was  a  decrease  in  stature  and  growth  rate  for  the
hildren  with  ASD  compared  with  reference  growth  charts.
o  the  best  of  our  knowledge,  this  is  the  first  study  present-
ng  longitudinal  data  to  describe  physical  growth  and  weight
tatus  of  children  with  ASD  while  accounting  for  variation  in
he  psychotropic  medication  used.

The  results  of  the  present  study  showed  that  children
ith  similar  ASD  statures  and  growth  rates  compared  to  refe-

ence  populations15 until  about  8---9  years  of  age.  Thereafter,
 marked  decrease  in  stature  and  growth  rate  was  observed
or  the  children  with  ASD  entering  pubertal  ages  compared
ith  reference  growth  charts.  These  results  are  consistent
ith  observations  showing  a  tendency  for  physical  growth
elays  in  children  with  ASD.12 The  decreases  in  growth  rate
n  stature  are  around  the  onset  of  puberty,  impacting  puber-
al  growth.  This  possible  deviant  changes  pubertal  growth  in
tature  may  reflect  the  long-term  effects  of  compromised
ietary  intake  associated  with  typical  behaviors  of  children
ith  ASD.10,22 There  a  growing  body  of  cross-sectional  evi-
ence  suggesting  that  children  with  ASD  may  be  at  elevated
isk  for  unhealthy  weight.3 In  the  present  study,  the  val-
es  of  body  mass  and  BMI,  particularly  between  4  and  8
ears,  were  high  compared  to  the  age-specific  reference  of
ormal  children,15,16 and  comparable  with  specific  Brazilian
MI  cut-off  values  for  obesity.17 Generally,  the  prevalence
f  overweight  and  obesity  in  children  with  ASD  can  be
xplained  by  lower  levels  of  physical  activity,  delayed  levels
f  psychomotor  skills,  and  poor  levels  of  associated  phys-
cal  fitness.9 However,  after  about  8  years,  there  was  a
arked  decrease  trend  of  growth  in  body  mass  and  BMI,

pproaching  the  age-specific  5th  percentile  at  the  age  of
5  years,  i.e.,  the  specific  Brazilian  BMI  cut-off  values  for
nderweight.17
Despite  an  initial  trend  of  obesity  in  early  infancy,  chil-
ren  and  adolescents  with  ASD  may  have  physical  growth
elays.  As  noted  above,  it  may  reflect  the  long-term  effects
f  compromised  dietary  intake  associated  with  the  typical
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Table  1  Sample  characteristics  at  each  observation  across  the  35-month  period  in  children  and  adolescents  with  ASDs  (children  were  grouped  at  baseline  by  yearly  age  group,
e.g., 4  years  from  3.5  to  4.4  years).

Age  group  at
baseline

Age  (years) Stature  (cm) Body  mass  (kg) BMI  (kg/m2)

Baseline  12  months
after

35 months
after

Baseline  12  months
after

35  months
after

Baseline  12  months
after

35  months
after

Baseline  12  months
after

35  months
after

4  years  4.1  (0.2)  5.2  (0.2)  7.1  (0.2)  101.0  (6.5)  111.3  (5.1)  118.9  (5.3)  26.3  (15.7)  27.8  (16.2)  28.7  (1.4)  25.8  (14.8)  22.2  (11.8)  20.0  (10.8)
5 years  5.1  (0.2)  6.2  (0.2)  8.0  (0.2)  107.2  (9.2)  114.7  (10.0)  121.1  (5.5)  22.8  (5.6)  23.9  (5.3)  24.6  (5.1)  19.7  (2.8)  18.0  (2.8)  16.6  (2.6)
6 years  6.0  (0.2)  7.1  (0.2)  9.0  (0.2)  112.3  (8.6)  121.5  (7.6)  127.0  (7.9)  30.2  (10.7)  32.2  (11.5)  33.6  (11.7)  24.1  (9.1)  21.7  (7.3)  20.8  (6.8)
7 years 6.9  (0.2) 8.0  (0.2) 9.9  (0.2) 125.4  (14.3) 130.8  (14.3)  135.4  (14.0)  34.0  (15.2)  34.9  (14.5)  35.9  (13.6)  20.8  (6.0)  19.7  (5.0)  19.0  (4.2)
8 years 8.0  (0.2) 9.1  (0.2) 11.0  (0.2) 125.1  (9.5) 133.9  (8.1)  138.0  (8.0)  29.9  (5.7)  33.7  (9.7)  35.2  (9.8)  19.0  (2.8)  18.7  (4.5)  18.4  (4.4)
9 years 9.0  (0.1) 10.1  (0.1) 12.0  (0.1) 131.3  (11.7)  136.6  (11.3)  140.9  (12.0)  40.3  (10.5)  42.1  (10.4)  44.2  (10.3)  23.9  (8.5)  23.0  (7.5)  22.9  (7.6)
10 years 10.1  (0.2) 11.2  (0.2) 13.1  (0.2) 149.9  (27.5)  154.5  (25.9)  158.6  (23.9)  57.4  (25.2)  59.9  (24.9)  59.2  (24.7)  26.3  (13.8)  25.5  (11.8)  24.3  (10.5)
11 years 11.1  (0.2) 12.2  (0.2) 14.1  (0.2) 147.7  (7.6)  163.4  (8.1)  166.0  (7.6)  52.2  (11.0)  51.5  (8.0)  54.2  (6.9)  24.1  (6.0)  19.6  (3.3)  19.8  (3.1)
12 years 11.8  (0.2) 12.9  (0.2) 14.8  (0.2) 146.0  (27.1)  151.2  (25.3)  154.3  (26.0)  61.5  (31.9)  62.3  (32.1)  64.0  (28.5)  26.6  (7.1)  25.2  (7.5)  25.4  (5.1)
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Table  2  Distribution  of  etiologic  characteristics  (Asperger’s  syndrome,  autism,  or  developmental  disorder  without  specification)
of children  and  adolescents  with  ASDs  at  the  baseline  of  observations.

Age  group
at  baseline

Asperger’s
syndrome

Autism  Developmental  disorder
without  specification

Total
sample

4  years  ---  15  2  17
5 years  3  14  2  19
6 years  ---  9  3  12
7 years  3  15  2  20
8 years  2  9  3  14
9 years  3  11  2  16
10 years 1  7  2  10
11 years --- 5  1  6
12 years 1  3  2  6

Table  3  Bayesian  multilevel  modeling  growth  for  stature,  body  mass,  and  BMI  between  4  and  15  years  (chronological  age
centered at  4.1  years)  of  children  and  adolescents  with  ASDs  (number  of  participants  =  120,  number  of  observations  =  360).

Stature  (cm)  Body  mass  (kg)  BMI  (kg/m2)

Population-level  effects  (95%  credible  interval)
Intercept  106.91

(103.77  to  110.14)
31.82
(26.41  to  36.64)

26.94
(23.35  to  30.05)

Age 7.83
(6.45  to  9.13)

0.81
(0.26  to  1.34)

−3.10
(−3.83  to  −2.40)

Age2 −0.65
(−0.94  to  −0.34)

0.03
(−0.03  to  0.08)

0.43
(0.28  to  0.59)

Age3 0.03
(0.01  to  0.05)

---  −0.02
(-0.03  to  −0.01)

Group-level  effects  (95%  credible  interval)
Level  1  standard  deviation  (within  children)

Within-individuals  3.88
(3.54  to  4.29)

2.18
(1.94  to  2.47)

1.81
(1.61  to  2.02)

Level 2  standard  deviation  (between  children)
Intercept  13.00  (10.33  to  15.80)  16.28  (13.58  to  19.18)  10.05  (8.51  to  11.84)

Age 0.29  (0.01  to  0.70)  0.51  (0.03  to  1.10)  0.65  (0.43  to  0.89)

Age2

---
0.07  (0.02  to  0.12)

---

Level 3  standard  deviation  (between  children  grouped  by  psychotropic  medication  use)
Intercept ---  3.02

(0.13  to  9.42)
1.97
(0.15  to  5.59)
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ehaviors  of  children  with  ASD.  Also,  it  has  been  reported
ormonal  dysregulation  in  children  with  ASD  compared  to
ge-matched  children,  particularly  elevated  levels  of  leptin,
otal  testosterone,  and  free  testosterone,  and  lowers  level
f  growth  hormone,  des-acyl  ghrelin,  and  acyl  ghrelin.23 This

uggests  that  potential  dysregulation  of  hormonal  mecha-
isms  can  be  one  of  the  factors  responsible  for  obesity  and
hysical  growth  delays.  Unfortunately,  the  available  data
s  scarce  and  based  on  cross-sectional  observations,  hence

A
a
m
b

he  present  results  add  to  the  need  for  further  longitudi-
al  endocrine  investigation  among  children  and  adolescents
ith  ASD.

However,  children  with  ASD  are  often  prescribed  psy-
hotropic  medications  to  treat  behavioral  abnormalities.3,4
ntipsychotics  use  is  accompanied  by  some  secondary
dverse  metabolic  effects,  such  as  increased  weight  gain,
etabolic  side  effects,  and  the  onset  of  type-2  dia-
etes  mellitus.24,25 Longitudinal  observations  have  showed
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Figure  1  Average  growth  in  (a)  stature,  (b)  body  mass,  and  (c)  body  mass  index  of  children  and  adolescents  with  ASDs  plot-
ted on  reference  centiles  for  American  boys  (CDC  data  available  online  from:  http://www.cdc.gov/growthcharts/percentile
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data files.htm),  and  (d)  body  mass  index  of  children  and  adoles

substantial  weight  gain  in  psychotic  patients  treated  with
risperidone,  an  antipsychotic  drug.26 Children  treated  with
risperidone  or  quetiapine  were  observed  to  be  at  a  higher
risk  to  develop  obesity,  elevated  waist  circumference,
and  dyslipidemia  during  12  months  of  treatment.27 These
observations  were  confirmed  by  an  increase  in  metabolic
markers,  including  fasting  glucose,  fasting  insulin,  HOMA-
IR,  triglycerides,  ratio  of  triglycerides  to  HDL  cholesterol,
and  ratio  of  total.  Altogether,  the  previous  observations
emphasize  the  importance  of  regular  monitoring  for  early
identification  and  treatment  of  metabolic  side  effects  and
also  the  development  of  other  treatments  (such  as  exer-
cise)  for  ASD  symptoms.28 The  present  results  showed  a
substantial  influence  of  the  use  of  psychotropic  medica-
tion  alone,  or  combined  with  stimulants,  antidepressants,
and/or  antiepileptics,  on  body  mass  and  weight  status  in
Brazilian  children  with  ASD.  It  was  also  observed  that  this
influence  was  independent  of  the  age  within  the  range
observed.

There  are  limitations  in  the  present  study  analysis  worth
noting.  The  analysis  considered  only  boys  with  ASD,  as  the
available  sample  of  girls  was  very  limited  for  modeling.  The
lower  number  of  girls  with  ASD  in  this  sample  is  consis-
tent  with  the  higher  prevalence  of  ASD  in  boys  generally
reported.29 References  from  the  United  States  were  used  to
compare  the  data.  These  references  may  be  insufficiently
sensitive  to  describe  Brazilian  children  and  adolescents’
normal  growth,  in  particular  considering  ethnic  and  socioe-

conomic  variability,  and  its  possible  implications  on  the
growth  status  of  children  and  adolescents.  Hence,  caution  in
the  interpretation  and  generalization  of  the  present  results
is  warranted.  However,  to  the  best  of  our  knowledge,  no

S
b
j

s  with  ASDs  plotted  on  reference  centiles  for  Brazilian  boys.

onsistent  Brazilian  growth  references  are  available.  Unfor-
unately,  the  World  Health  Organization  growth  standards,
hich  include  a  subsample  from  the  South  Region  of  Brazil,
o  not  provide  body  mass  references  for  the  age  range  of
he  present  study.30

In  summary,  the  present  longitudinal  observations  in
razilian  boys  with  ASD  between  4  and  15  years  showed

 pattern  of  normal  growth  in  stature  until  the  age  close
o  the  onset  of  puberty,  followed  by  a  marked  decrease  in
he  growth  rate  during  adolescent  years  within  the  range  of
bservation.  Furthermore,  there  was  a  trend  of  high  preva-
ence  of  overweight  and  obesity  among  Brazilian  boys  with
SD,  although  a trend  of  decrease  in  BMI  was  apparent  when
hildren  entered  the  years  of  pubertal  development.  There
as  an  apparent  influence  of  psychotropic  medications  use
n  the  weight  status  of  children  with  ASD.  Future  longitu-
inal  designs  should  also  consider  the  interactions  between
evels  of  physical  activity,  food  selectivity  behaviors,  and
ietary  intake  with  somatic  growth.
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