
O

B
a
i

G
T
J
M
A

a

b

c

d

R
A

h
0
l

Jornal de Pediatria 2021;97(5):531---539

www.jped.com.br

RIGINAL ARTICLE

irth  weight,  life  course  factors  and  excess  weight
mong schoolchildren  in  Niterói,  Rio de  Janeiro,  Brazil
n 2010

isele Almeida de Noronha a,∗, Pauline Lorena Kale a,
ania Zdenka Guillén de Torres a,
ackeline Christiane Pinto Lobato Vasconcelos a,b,
aria  Cristina Caetano Kuschnir c, Maria de Lourdes Tavares Cavalcanti a,
ntonio José Leal Costa a, Moyses Szklo a,d

Universidade  Federal  do  Rio  de  Janeiro  (UFRJ),  Instituto  de  Estudos  em  Saúde  Coletiva  (IESC),  Rio  de  Janeiro,  RJ,  Brazil
Universidade  Federal  Fluminense  (UFF),  Instituto  de  Saúde  Coletiva  (ISC),  Niterói,  RJ,  Brazil
Universidade  do  Estado  do  Rio  de  Janeiro  (UERJ),  Rio  de  Janeiro,  RJ,  Brazil
Johns  Hopkins  Bloomberg  School  of  Public  Health,  Department  of  Epidemiology,  Baltimore,  United  States

eceived  4  June  2020;  accepted  8  October  2020
vailable  online  6  December  2020

KEYWORDS
Birth  weight;
Information  systems;
Fetal  development;
Weight  gain;
Pediatric  obesity

Abstract
Objective:  To  investigate  the  association  between  birth  weight  and  excess  weight  among  stu-
dents aged  6---14  years,  adjusted  for  life  course  confounding  factors.
Methods:  Cross-sectional  study  with  6---14-year-old  schoolchildren  in  2010;  795  school  children
from two  public  schools.  In  addition,  a  sub-sample  was  selected  using  a  case-cohort  study
approach.  Sociodemographic,  breastfeeding,  food  introduction,  previous  weight  gain,  family
history, current  clinical  and  behavioral  variables  as  well  as  maternal  variables  related  to  preg-
nancy, were  collected.  Multivariable  weighted  logistic  regression  was  used  to  evaluate  the
association between  birth  weight  and  overweight.  All  prevalent  cases  of  overweight  (n  =  160)
were selected  to  compose  the  case  group  and  a  random  sub-sample  of  all  students  participating
in the  study  (n  =  276  students,  of  whom  88  were  cases)  were  the  control  group.

Results:  An  unadjusted  6%  increase  in  the  excess  weight  prevalence  ratio  (p-value  =  0.004)  was
found for  each  100  g  increase  in  birth  weight.  With  adjustment  for  age,  sex  and  behavioral
variables (models  1  and  2),  the  association  of  birth  weight  with  excess  weight  was  positive
and statistically  significant,  but  it  was  no  longer  significant  in  the  final  model  (model  3)  when
clinical variables  were  considered.
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Conclusions:  Although  some  of  the  secondary  associations  were  statistically  significant,  we
could not  identify  a  significant  association  between  birthweight  and  excess  weight  in  adoles-
cents.
© 2020  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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he  global  increase  in  the  prevalence  of  childhood  obe-
ity,  the  persistence  of  excess  weight  gain  during  childhood
nd  adolescence  into  adult  life,1 and  the  possible  metabolic
ealth  benefits  of  early  intervention  during  childhood2 have
timulated  life  course  research  that  focuses  on  the  effects
f  long-term  exposures  acting  since  the  gestation  to  adult
ife  or  across  generations  and  the  life-course  pathways.3,4

Studies  conducted  by  Barker  and  Osmond5 suggested  that
here  is  an  association  of  perinatal  and  childhood  factors
ith  greater  risk  of  disease  in  adult  life.  These  studies

ntroduced  the  fetal  programming  hypothesis,  which  sug-
ests  that  babies  in  a  restricted  intrauterine  environment
re  more  likely  to  be  born  smaller  than  expected,  while
rowing  in  a  nutrient-rich  environment  increases  the  risk
f  developing  metabolic  diseases  in  which  maternal,  fetal
nd  environmental  factors  interact.4 Birth  weight  as  a  proxy
or  fetal  growth  has  been  found  to  be  associated  with  risk
f  cardiovascular  disease  in  adults6,  excess  weight  during
hildhood  and  central  body  fat  during  adolescence.7 A  sys-
ematic  review8 conducted  in  2012  exploring  risk  factors
n  the  first  year  of  life  for  excess  weight  during  childhood
howed  that  high  birth  weight,  rapid  early  weight  gain,
xcess  pre-pregnancy  weight,  and  smoking  during  pregnancy
ncreased  the  risk  of  child  overweight  and  obesity.  The
eview  also  reported  that  breastfeeding  and  late  introduc-
ion  of  solid  foods  were  moderate  protective  factors  against
xcess  weight  during  childhood.

Results  of  studies  have  been  inconsistent,  and  there
re  knowledge  gaps  about  fetal  programming  in  develop-
ng  countries  such  as  Brazil.9,10 Analyzing  multiple  exposures
nd  outcomes  related  to  fetal  programming,  metabolic
hanges,  and  risk  factors  for  chronic  non-communicable  dis-
ases  in  a  developing  country  will  contribute  to  life  course
esearch.

The  present  study  is  justified  by  the  high  prevalence  of
verweight  and  obesity  in  the  Brazilian  population,  conflict-
ng  findings  regarding  the  association  between  birth  weight
nd  excess  childhood  weight,  and  dearth  of  research  on  the
nfluence  of  other  maternal,  fetal  and  environmental  fac-
ors.  Thus,  this  study  investigated  the  association  between
irth  weight  and  excess  weight  among  schoolchildren  from
ges  6---14  years,  based  on  fetal  programming  that  composes
he  life  course  epidemiology.

ethods
esign  and  study  population

 case-control  study  was  conducted  in  2010,  which  included
choolchildren  from  ages  6---14  years.  The  study  sample  was
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elected  from  a  nutrition  survey11 involving  795  school  chil-
ren  conducted  in  two  public  schools  in  Niterói,  Rio  de
aneiro  State,  Brazil,  which  were  part  of  the  Family  Physi-
ian  Program  (acronym  in  Portuguese:  PMF).  This  life  course
esearch,  based  on  fetal  programming,  aimed  to  investigate
ssociations  between  intrauterine  growth  restriction,  the
omponents  of  the  metabolic  syndrome,  and  the  thickness  of
arotid  arteries  considering  the  growth  and  socioeconomic
rajectories.  Further  details  about  the  study  can  be  found
lsewhere.11

Point  prevalence  rates  of  excess  weight  and  low  birth
eight  (<2500  g)  were  29.7%  and  7.7%,  respectively.  All  cases
f  excess  weight  from  the  cross-sectional  study  sample  were
elected  to  form  the  case  group.  Of  the  236  schoolchildren
elected,  32.2%  refused  participation,  leaving  an  analytic
ample  of  160  cases  (Fig.  1).  Of  481  school  children  com-
rising  a  random  subsample  of  all  children  included  in
he  cross-sectional  survey,  representing  the  controls  in  the
resent  study,  276  were  included  in  the  present  analysis
67.4%).  Among  these  276  children,  88  were  also  included
n  the  case  group  (Fig.  1).  The  two  groups  were  stratified  by
chool  (schools  A  and  B)  and  age  group  (6---9  years  and  10---14
ears).  The  case-control  ratio  was  1:1.8.  Since  the  control
roup  comprised  a  subsample  of  the  total  sample,  the  calcu-
ation  of  the  point  prevalence  odds  ratio  (cases/subsample)
ielded  a  point  prevalence  ratio  (PR).12 This  strategy  was
sed  because  when  the  prevalence  of  the  outcome  is  high,  as
n  the  present  study,  selecting  only  non-cases  for  the  control
roup  yields  the  prevalence  odds  ratio,  which  overestimates
he  prevalence  ratio.

Data  were  collected  by  trained  health  professionals  and
ost-graduate  students,  who  were  supervised  by  the  main
nvestigators  (AJLC,  MLTC,  PLK).

Age-  and  sex-adjusted  body  mass  index  (BMI,  kg/m2) z-
core  ≥  +1.00  was  defined  as  excess  weight.13 Height  and
eight  were  measured  using  a  portable  stadiometer  with
ccuracy  of  ±0.5  cm  and  a calibrated  digital  scale  with  a
apacity  of  150  kg  and  accuracy  of  ±100  g,  respectively.14

eight  was  measured  twice.  Participants  were  remeasured
hen  there  was  a  difference  greater  than  0.5  cm  between

he  two  measurements.
Blood  pressure  (BP)  was  measured  twice  using  an  elec-

ronic  blood  pressure  monitor  and  an  interval  of  five  minutes
etween  each  measurement.  The  average  (mean)  systolic
P  and  diastolic  BP  (mmHg)  was  calculated.  Pressure  was
emeasured  when  the  difference  between  measurements
as  ≥  5  mmHg;  the  measurement  with  the  greatest  discrep-
ncy  was  discarded.  Blood  samples  were  collected  after  a
2  -h  fast  and  two  plasma  samples  were  stored  in  a  freezer.
The  schoolchildren’s  parents/guardians  were  inter-
iewed  to  obtain  information  about  family  socioeconomic
nd  demographic  characteristics;  reproductive  history  of
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igure  1  Flowchart  with  number  of  participants  in  each  step
Not  selected  for  case-control  study.

he  biological  mother;  schoolchildren’s  history  of  breast-
eeding,  introduction  of  solid  foods,  and  previous  excessive
eight  gain;  and  family  history  of  asthma,  cardiovascular
nd  metabolic  diseases.  The  schoolchildren  aged  between
0  and  14  years  were  also  interviewed  about  their  life  habits.

Data  were  also  linked  to  neonatal  medical  records  kept
t  the  PMF  database;  268  records  were  found,  comprising
3.1%  of  cases  and  60.5%  of  controls  (subsample).  Linkage
o  the  data  obtained  from  the  State  of  Rio  de  Janeiro’s  Live
irth  Information  System  (acronym  in  Portuguese,  SINASC)
ielded  250  pairs  of  records,  comprising  57.5%  of  cases  and
7.2%  of  controls.
The  validity  of  the  information  on  the  schoolchildren’s
irth  weight  had  been  tested  in  a  previous  study.15 Perina-
al  information  was  obtained  from  four  sources,  including
INASC  (official  date  birth  data,  the  most  reliable  informa-
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53
e  study.

ion).  The  intra-class  correlation  coefficients  (ICCs)  of  the
INASC  birth  weight  with  each  one  of  the  three  other  sources
f  information  varied  from  0.90  to  0.99.  In  the  absence  of
INASC  information,  data  on  birth  weight  were  obtained
rom  other  sources  of  information,  following  a  decreasing
rder  of  the  estimated  ICCs  by  two-way  mixed-effect-
odels:  PMF,  followed  by  the  parent/guardian  interview

nd  self-completion  of  the  parent/guardian  questionnaire.
lthough  records  closer  to  the  time  of  birth  have  advan-
ages,  the  study  conducted  by  Noronha  et  al.15 showed  that
ecalling  birth  weight  between  6  and  14  years  after  birth
s  a  reliable  option.  The  same  algorithm  used  to  complete
he  variable  birth  weight  was  used  for  the  variable  gesta-

ional  age. The  international  standards  for  fetal  growth,16

NTERGROWTH-21  Project,  was  used  to  identify  and  exclude
nconsistencies  between  gestational  age  and  birth  weight.
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when  clinical  variables  (previous  parents’/guardians’  per-
ceptions  of  excessive  weight  gain,  asthma,  systolic  blood
pressure,  blood  sugar,  total  cholesterol/HDL  ratio,  triglyc-
G.A.  Noronha,  P.L.  

efinition  of  exposure  and  covariates

ased  upon  the  fetal  programming  hypothesis,  the  main
xposure  of  interest  was  birth  weight  as  a  continuous  mea-
ure  that  is  associated  with  long-term  disease  risk.2 Birth
eight  measurements  were  converted  into  100-g  units  to

acilitate  the  interpretation  of  the  results.
The  following  covariates  were  considered  as  potentially

onfounding:  a)  demographic  variables----biological  mother’s
ace/color  (white,  black,  brown),  household  income,  par-
nt/guardian  level  of  schooling  at  the  time  of  the  study
under  eight  years  of  schooling,  equal  to  or  over  eight  years
f  schooling),  family  size,  maternal  age  at  birth,  and  age
n  years  and  sex  of  the  students;  b)  morbidity  and  behav-
oral  maternal  variables  ---  complications  during  pregnancy,
uch  as  high  blood  pressure  and  diabetes  (yes/no);  active
nd  passive  smoking  at  home  or  work  at  least  once  a  week
uring  pregnancy  (yes/no);  c)  clinical  variables  ---  length  at
irth  (cm);  and  gestational  age  (preterm  <37  weeks,  or  full-
erm  ≥  37  weeks  to  <  43  weeks);  breastfeeding  (months);
ntroduction  before  6  months  of  solid  and  semi-solid  healthy
eals  (e.g.  meat  and/or  egg  and/or  fruit  and/or  vegeta-
les);  introduction  of  unhealthy  foods  before  12  months
coffee  and/or  cookies  and/or  industrialized  drinks  and/or
ugar);  parents’/guardians’  perceptions  of  excessive  weight
ain  prior  to  the  study.  Weight  gain  was  ascertained  before  2
ears  of  age,  between  2  and  6  years,  between  7  and  9  years,
nd  between  10  and  14  years.  These  age  groups  were  defined
onsidering  catch-up  growth  in  the  first  two  years  of  life,17

repubertal  repletion  phase,  characterized  by  an  increase  of
dipose  tissue  in  preparation  for  the  pubertal  growth  spurt
etween  7  and  10  years,  and  beginning  of  adolescence  from
0  years  of  age  on.

Additional  variables  included  family  history  of  cardio-
ascular  and  metabolic  diseases  (high  blood  pressure,
troke,  acute  myocardial  infarction,  diabetes,  dyslipidemia,
besity)  and  asthma  among  parents  and/or  grandparents
yes/no);  meal  consumption  patterns  based  on  Prochnik
stima  et  al.,18 as  follows:  main  meal  frequency  (break-
ast,  lunch,  and  dinner),  categorized  as  ‘‘daily’’,  ‘‘three
o  six  times  a  week’’,  ‘‘once  or  twice  a  week’’,  and
‘never  or  almost  never’’.  A  score  of  ‘‘zero’’  for  ‘‘daily’’
nd  ‘‘three’’  for  ‘‘never  or  almost  never’’  was  given  for
ach  meal,  resulting  in  a  total  score  for  the  three  meals
f  between  zero  and  nine.  A  score  of  zero  or  one  was
egarded  as  satisfactory.  Comorbidities  and  health  problems
ncluded  asthma19 (yes/no);  hypertension;20 high  fasting
lood  glucose  level;21 lipid  profile;22 high  fasting  blood
nsulin  level;21 and  high  C-reactive  protein  (CRP)  blood
evel.22

We  also  investigated  the  association  between  birth
eight  and  excess  weight  among  schoolchildren  included

n  the  whole  cross-sectional  sample,  which  increased  the
ample  size  to  661,  but  limited  the  number  of  covariates.
hese  included  demographic  variables,  except  household

ncome  and  family  size.  The  clinical  variables  included  in
he  whole  sample  were  only  length  at  birth  (cm),  gesta-
ional  age,  exclusive  breastfeeding  (until  6  months),  and

lood  pressure. e

53
,  T.Z.  Torres  et  al.

tatistical  analysis

ean  and  standard  deviations  were  calculated  for  contin-
ous  variables,  and  proportions  were  calculated  for  the
ategorical  variables  for  cases  and  controls.  Student’s  t-test
r  the  chi-squared  test  were  used  to  calculate  statistical  sig-
ificance.  Linearity  between  the  continuous  variables  and
utcome  was  also  tested.  For  adjustment  for  confounding
ariables,  weighted  logistic  regression  was  used.

First,  univariate  analysis  was  conducted  adopting  a  sig-
ificance  level  of  0.20  for  inclusion  in  the  multivariate
nalysis,  so  as  to  minimize  the  beta  error.  The  variables
eight  gain  between  seven  and  nine  years  and  weight
ain  between  10  and  14  years  were  controlled  for  age
nd  sex.  Collinearity  and  independence  between  variables
ere  tested  using  Pearson’s  correlation  matrix  and  the
hi-squared  test,  respectively.  Multiple  regression  was  per-
ormed  adopting  a  significance  level  of  0.05.  Goodness  of  fit
as  evaluated  using  the  Hosmer-Lemeshow  test.  Statistical
nalysis  was  performed  using  the  statistical  software  pack-
ge  Stata,  version  12  (StataCorp  LP,  College  Station,  United
tates).

thical  standards

his  study  was  conducted  according  to  the  guidelines  laid
own  in  the  Declaration  of  Helsinki  and  all  procedures
nvolving  research  study  participants  were  approved  by  the
esearch  Ethics  Committee  of  the  Institute  for  Collective
ealth  Studies  of  the  Federal  University  of  Rio  de  Janeiro  ---

ESC/UFRJ  (application  number  77-2008).  Written  informed
onsent  was  obtained  from  all  subjects/patients.

esults

ase-control  study

nadjusted  PRs  of  excess  weight  according  to  selected  varia-
les  are  shown  in  Table  1.  This  unadjusted  model  shows  a  6%
ncrease  in  the  excess  weight  PR  (p-value  =  0.004)  for  each
00-g  increase  of  birth  weight.  The  following  variables  had

 p  <  0.20:  age,  parent/guardian  level  of  schooling,  family
ize,  mother’s  age,  passive  smoking,  weight  gain  between  2
nd  14  years  of  age,  history  of  asthma,  blood  pressure,  blood
ugar,  total  cholesterol,  high  density  lipoprotein  cholesterol
HDL),  total  cholesterol/HDL  ratio,  triglyceride,  insulin  and
RP.  These  variables  were  included  in  the  multiple  regres-
ion  models  (Table  2).  Although  not  statistically  significant
t  p  =  0.20,  sex  was  entered  in  the  multiple  regression  model
s  it  could  be  a  conditional  confounder.

With  adjustment  for  age,  sex  and  behavioral  variables
models  1  and  2),  the  association  of  birth  weight  with
xcess  weight  was  positive  and  statistically  significant,  but
t  was  no  longer  significant  in  the  final  model  (model  3)
ride,  insulin,  CRP)  were  considered.
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Table  1  Unadjusted  prevalence  ratios  of  excess  weight  according  to  selected  variables  in  schoolchildren  aged  between  6  and
14 years.  Niterói,  Rio  de  Janeiro,  2010.

Variables  Unadjusted  PR  (CI  95%)  p-value

Birthweight  (100  g)  1.06  (1.02---1.10)  0.004

Age (years)  0.92  (0.84---1.00)  0.054
Sex

Female 1.00
Male 1.05  (0.71---1.56)  0.797

Maternal race/color
White  1.00
Black 1.12  (0.54---2.31) 0.748
Brown 0.95  (0.62---1.47)  0.830

Parent/guardian  level  of  schooling  at  the  time  of  the  study
≥8 years  1.00
<8 years 0.75  (0.50---1.13)  0.174

Family size 0.83  (0.70−0.98) 0.029
Mother’s age  (years) 1.03  (1.00---1.06) 0.082
Diabetes during  pregnancy 2.68  (0.44---16.35) 0.284
Smoking during  pregnancy 0.82  (0.50---1.33) 0.424
Passive smokinga

No  1.00
Yes 0.76  (0.51---1.13)  0.173

Length at  birth  (cm)  1.04  (0.97---1.12)  0.234
Gestational  age

Preterm  1.00
Full term  0.70  (0.28---1.74)  0.446

Breastfeeding  (months)  1.00  (0.99---1.01)  0.448
Early food  introductionb 1.20  (0.80---1.79)  0.374
Introduction  of  unhealthy  foodsc 1.17  (0.74---1.86)  0.502
Weight gain  before  age  2  yearsd

No  1.00
Yes 1.20  (0.60---2.39)  0.604

Weight gain  between  2  and  6  years  of  aged

No  1.00
Yes 2.13  (1.09---4.18)  0.027

Weight gain  between  7  and  9  yearsd,e

No  1.00
Yes 4.13  (1.97---8.64)  0.000

Weight gain  between  10  and  14  yearsd,e

No  1.00
Yes 3.64  (1.52---8.73)  0.004

Family History
Cardiovascular  diseasef 0.70  (0.37---1.32)  0.271
Metabolic diseasesg 1.28  (0.81---2.04)  0.288
Asthma 1.10  (0.71---1.71)  0.673

Unsatisfactory  meal  consumption  pattern  1.10  (0.74---1.64)  0.638
Asthma

No 1.00
Yes 1.64  (0.91---2.96)  0.096

Blood pressure
Systolic  (mmHg)  1.02  (1.00---1.04)  0.036

Blood sugar  (mg/dL)  1.03  (1.00---1.06)  0.023
Total cholesterol  (mg/dL)  1.00  (0.99---1.01)  0.167
HDL (mg/dL)  0.98  (0.96---1.00)  0.059
LDL (mg/dL)  1.00  (0.99---1.00)  0.844
TC/HDL ratio  1.36  (1.11---1.67)  0.003

Triglyceride  (mg/dL)  

53
1.01  (1.01---1.02)  0.000
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Table  1  (Continued)

Variables  Unadjusted  PR  (CI  95%)  p-value

Insulin  (�IU/mL)
1st  quartile 2.48  (1.29---4.76)  0.006
2nd quartile  3.37  (1.77---6.43)  0.000
3rd quartile  4.82  (2.55---9.13)  0.000

CRP
<0.3 mg/dL  1.00
≥0.3  mg/dL  2.07  (1.25---3.42)  0.005

PR, prevalence ratio; BMI, body mass index; HDL, high density lipoprotein; LDL, low density lipoprotein; CT, total cholesterol; CRP,
C-reactive protein.

a Passive smoking during pregnancy at home, work, or outside for at least one day/week.
b Food introduction (meat and/or egg and/or fruit and/or vegetables) before 6 months.
c Introduction of unhealthy foods (coffee and/or cookies and/or industrialized drinks and/or sugar) before 12 months.
d Previous parents’/guardians’ perceptions of excessive weight gain.
e Controlled for sex and age.
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f Parents or grandparents have/had cardiovascular disease (high
g Parents or grandparents have/had metabolic disease (diabetes

The  following  additional  covariables  showed  a  significant
ssociation  with  excess  weight:  age,  weight  gain  between
---9  years,  and  blood  triglyceride  and  insulin  levels.  The
nal  model  showed  a  good  fit  to  the  data  (p-value  =  0.485),
nd  the  assumptions  of  linearity  and  no  collinearity  were
reserved.

ross-sectional  analysis  of  the  whole  sample

he  unadjusted  model  shows  a  6%  increase  in  the  excess
eight  PR  (p-value  <  0.0001)  for  each  100-g  increase  of
irth  weight,  as  in  the  case-control  study.  In  the  multivariate
odel,  birth  weight  was  statistically  and  positively  asso-

iated  with  excess  weight  (PR  =  1.05  p-value  =  0.025)  after
djustment  for  age,  sex,  mother’s  age,  race/color,  school-
ng,  length  at  birth  and  systolic  blood  pressure.

iscussion

n  this  study,  we  didnt́ find  a  statistically  significant  asso-
iation  between  birth  weight  and  excess  weight  during
hildhood  and  adolescence,  which  therefore  failed  to  sup-
ort  the  hypothesis  of  fetal  programming  of  excess  weight.
everal  studies  have  shown  inconsistent  results,  suggesting
hat  further  research  on  this  topic  is  necessary.9,23---26

In  a  systematic  review  and  meta-analysis  of  the  asso-
iation  between  birth  weight  and  excess  weight  among
hildren  and  adolescents,24 14  studies  reported  a  positive
ssociation  between  high  birth  weight  (>4000  g)  and  risk  of
xcess  weight,  and  10  studies  showed  a  negative  associa-
ion  between  low  birth  weight  (<2500  g)  and  excess  weight.
n  the  latter  studies,  the  association  disappeared  when  two
tudies  including  children  of  low  socioeconomic  status  were
xcluded.

In  a  large-scale  cross-sectional  population-based  survey26
onducted  in  China  that  included  70,284  children  aged  3---12
ears,  low  birth  weight  (<  2500  g  at  birth,  irrespective  of  ges-
ational  age)  was  positively  associated  with  an  increased  risk
f  thinness  and  severe  obesity  but  not  associated  with  mod-

T
t
m
w
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d pressure or stroke or acute myocardial infarction).
yslipidemia or obesity).

rate  obesity.  On  the  other  hand,  high  birth  weight  seemed
o  have  a protective  effect  on  thinness26 and  was  associated
ith  an  increased  risk  of  childhood  obesity.27 In  a  study  in
oland,25 birth  weight  was  positively  related  to  BMI  in  747
−15-year-old  children;  however,  no  significant  differences
ere  found  in  birth  weight  with  overweight/obese  children.

A  matched  case-control  study  of  the  impact  of  prenatal,
erinatal  and  postnatal  risk  factors  for  obesity  in  children
ged  between  4  and  8  years  conducted  with  1024  pairs  in
arious  European  countries9 reported  negative  and  positive
ssociations  between  obesity  and  low  birth  weight  (below
500  g)  and  obesity  and  high  birth  weight  (over  4000  g),
espectively.  After  weighting  the  data  using  an  indicator  of
at-free  mass,  the  association  of  birth  weight  with  obesity
isk  disappeared  completely.

A  cohort  study  conducted  in  1993  with  5160  newborns
n  Pelotas,  Brazil,23 showed  in  the  adjusted  analysis  that
or  each  increase  of  unit  (Z-score)  in  birth  weight,  the  BMI
ncreases  0.46  kg  m−2 in  BMI  at  age  11  years,  regardless  of
ex.

Although  not  the  focus  of  this  study,  the  associations  we
ound  between  the  covariables  and  excess  weight,  previ-
us  excessive  weight  gain,10,28 high  blood  insulin,29,30 and
riglyceride  levels29 are  consistent  with  the  findings  of  other
tudies.  During  pubescence,  there  is  a  physiological  increase
n  circulating  insulin,  thus  contributing  to  rapid  growth  and
ody  modification.30 Nevertheless,  the  association  between

 lower  proportion  of  muscle  tissue,  derived  from  intrauter-
ne  growth  restriction,  and  a  greater  proportion  of  fat  mass,
erived  from  catch-up  growth,  may  increase  predisposi-
ion  to  chronic  non-communicable  diseases  in  the  future.10

n  individuals  who  have  suffered  malnutrition  in  the  uter-
ne  environment  and  start  to  have  a  diet  rich  in  calories,
heir  fetal  programming  to  develop  an  economic  metabolism
ecomes  harmful.4 Fetal  metabolic  adaptation  increases
he  risk  of  obesity,  diabetes,  and  other  chronic  diseases.4
here  is  strong  evidence  that  cardiovascular  diseases  begin
o  develop  early  in  life,  meaning  that  it  is  vital  to  monitor
ain  risk  factors  from  childhood,  particularly  among  people
ho  are  overweight.29
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Table  2  Multivariate-adjusted  prevalence  ratios  of  excess  weight  according  to  selected  variables  in  schoolchildren  aged
between 6  and  14  years.  Niterói,  Rio  de  Janeiro,  2010.

Variables  Model  1a PR  (CI  95%)  p-value  Model  2b PR  (CI  95%)  p-value  Model  3c PR  (CI  95%)  p-value

Birth  weight  (in  100  g)  1.05  1.01−1.10  0.010  1.05  1.01−1.10  0.019  1.04  0.99−1.09  0.110
Age (years)  0.92  0.83−1.02  0.121  0.92  0.83−1.02  0.123  0.84  0.73−0.95  0.010
Sex

Female 1.00  1.00  1.00
Male 1.04  0.67−1.59  0.864  1.00  0.65−1.54  0.992  1.43  0.83−2.45  0.199

Parent/guardian  level  of
schooling  at  the  time
of  the  study
≥8  years  1.00  1.00  1.00
<8 years  0.87  0.56−1.36  0.554  0.85  0.54−1.33  0.479  0.78  0.46−1.32  0.361

Family size  0.81  0.67−0.98  0.030  0.80  0.66−0.97  0.025  0.82  0.65−1.02  0.079
Mother’s age  (years)  1.02  0.99−1.06  0.167  1.02  0.99−1.05  0.181  1.01  0.97−1.04  0.581
Passive smokingd

No  ---  1.00  1.00
Yes ---  0.87  0.55−1.36  0.538  0.74  0.43−1.27  0.281

Weight gain  between  2
and  6  years  of  agee

No  ---  ---  1.00
Yes ---  ---  1.11  0.42−2.91  0.825

Weight gain  between  7
and  9  yearse

No  --- --- 1.00
Yes --- ---  2.82  1.07−7.45  0.036

Weight gain  between  10
and  14  yearse

No  ---  ---  1.00
Yes ---  ---  3.01  0.91−9.98  0.070

Asthma
No ---  ---  1.00
Yes ---  ---  1.70  0.80−3.63  0.169

Systolic blood  pressure
(mmHg)

---  ---  1.00  0.97−1.03  0.716

Blood sugar  (mg/dL)  ---  ---  1.00  0.97−1.04  0.739
CT/HDL ratio  ---  ---  1.05  0.81−1.36  0.692
Triglyceride  (mg/dL)  ---  ---  1.01  1.01−1.02  0.042
Insulin (�IU/mL)

1st  quartile  ---  ---  1.80  0.87−3.76  0.113
2nd quartile  ---  ---  2.54  1.16−5.54  0.019
3rd quartile  ---  ---  2.29  0.94−5.54  0.067

CRP
<0.3 mg/dL  ---  ---  1.00
≥0.3 mg/dL  ---  ---  1.52  0.78−2.97  0.212

PR, prevalence ratio; CT, total cholesterol; HDL, high density lipoprotein; CRP, C-reactive protein.
a Model 1: demographic variables (age, sex, parent/guardian level of schooling at the time of the study, number of people in the family

[or family size], mother’s age).
b Model 2: model 1 + behavioral variable (passive smoking).
c Model 3: model 2 + clinical variables (previous parents’/guardians’ perceptions of excessive weight gain, asthma, systolic blood

pressure, blood sugar, CT/HDL ratio, triglyceride, insulin, CRP).
r at 

ain.

t
t
t
t

f

d Passive smoking during pregnancy at home, work, or outside fo
e Previous parents’/guardians’ perceptions of excessive weight g

Life  course  epidemiological  studies  of  excess  weight  tend

o  be  prospective  birth  cohort  studies,  which  have  proved
o  be  ideal  for  evaluating  etiological  hypotheses.  However,
hey  are  particularly  complex  and  require  long  periods  of
ime,  which  can  result  in  losses  to  follow-up  and  the  need

C
e
a
o

53
least one day a week.

or  substantial  funding,  often  rendering  research  difficult.4
onsidering  these  limitations,  case-cohort  study  designs  can
nhance  the  feasibility  of  research,  as  they  are  less  costly
nd  more  efficient,  making  them  a  useful  alternative  for
btaining  almost  as  much  information  as  in  a  full  cohort.12
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urthermore,  the  availability  of  multiple,  wide-ranging  sec-
ndary  sources  of  data  on  the  period  up  to  2  years  of  age
llowed  our  study  to  capture  reliable  and  valid  information
n  the  main  exposure  variable,  birth  weight.15 In  addi-
ion,  and  notwithstanding  the  cross-sectional  study  design,
emporality  of  the  events,  birth  weight  and  overweight  in
hildhood  and  adolescence  are  accurately  recorded.

The  study  had  a  number  of  limitations.  First,  the  sam-
le  size  resulted  in  a  low  frequency  of  low  birthweight.
econd,  previous  weight  gain  depended  not  only  on  the
arents’/guardians’  memory,  but  also  on  their  perceptions.
hird,  the  limited  availability  of  accurate  data  on  gesta-
ional  age  meant  that  it  was  only  possible  to  consider  a  single
ichotomous  variable  (preterm  or  full  term).  Finally,  it  was
ot  possible  to  identify  the  time  of  the  occurrence  of  the
utcome.

In  conclusion,  the  present  study  provides  valuable  infor-
ation  on  the  association  between  birth  weight  and  excess
eight  in  a  sample  of  schoolchildren  aged  6---14  years.
lthough  the  main  relationship  hypothesized  in  this  study
as  not  statistically  significant,  statistically  significant  asso-
iations  were  found  between  excess  weight  and  age,  weight
ain  between  7  and  9  years  of  age,  blood  triglyceride  and
nsulin  levels.
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