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Abstract
Objective:  Evaluate  the  relationship  between  body  mass  index  and  physical  fitness  in  a  cross-
sectional  sample  of  Brazilian  youth.
Methods:  Participants  were  3849  adolescents  (2027  girls)  aged  10---17  years.  Weight  and  height
were measured;  body  mass  index  was  calculated.  Physical  fitness  was  evaluated  with  a  multi-
stage 20  m  shuttle  run  (cardiovascular  endurance),  standing  long  jump  (power),  and  push-ups
(upper body  strength).  Participants  were  grouped  by  sex  into  four  age  groups:  10---11,  12---13,
14---15, and  16---17  years.  Sex-specific  ANOVA  was  used  to  evaluate  differences  in  each  physical
fitness item  among  weight  status  categories  by  age  group.  Relationships  between  body  mass
index and  each  physical  fitness  item  were  evaluated  with  quadratic  regression  models  by  age
group within  each  sex.
Results:  The  physical  fitness  of  thin  and  normal  youth  was,  with  few  exceptions,  significantly
better than  the  physical  fitness  of  overweight  and  obese  youth  in  each  age  group  by  sex.  On
the other  hand,  physical  fitness  performances  did  not  consistently  differ,  on  average,  between
thin and  normal  weight  and  between  overweight  and  obese  youths.  Results  of  the  quadratic

regressions  indicated  a  curvilinear  (parabolic)  relationship  between  body  mass  index  and  each
physical fitness  item  in  most  age  groups.  Better  performances  were  attained  by  adolescents  in
the mid-range  of  the  body  mass  index  distribution,  while  performances  of  youth  at  the  low  and
high ends  of  the  body  mass  index  distribution  were  lower.

� Please cite this article as: Lopes VP, Malina RM, Gomez-Campos R, Cossio-Bolaños M, Arruda M, Hobold E. Body mass index and physical
tness in Brazilian adolescents. J Pediatr (Rio J). 2019;95:358---65.
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Conclusion:  Relationships  between  the  body  mass  index  and  physical  fitness  were  generally
nonlinear  (parabolic)  in  youth  10---17  years.
© 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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Índice  de  massa  corporal  e  aptidão  física  em  adolescentes  brasileiros

Resumo
Objetivo:  Avaliar  a  relação  entre  o  índice  de  massa  corporal  e  a  aptidão  física  em  uma  amostra
transversal de  jovens  brasileiros.
Métodos:  Os  participantes  foram  3.849  adolescentes  (2.027  meninas)  entre  10-17  anos.  Foram
medidos  o  peso  e  a  estatura  e  foi  calculado  o  índice  de  massa  corporal.  A  aptidão  física  foi
avaliada com:  a  corrida  vaivém  de  20  metros  de  vários  estágios  (resistência  cardiovascular),
impulsão  horizontal  (energia)  e  flexões  (força  superior  do  corpo).  Os  participantes  foram  agru-
pados por  sexo  em  quatro  faixas  etárias:  10-11,  12-13,  14-15  e  16-17  anos.  A  Anova  específica
para sexo  foi  usada  para  avaliar  as  diferenças  em  cada  item  de  aptidão  física  entre  as  categorias
de status  do  peso  por  faixa  etária.  As  relações  entre  o  índice  de  massa  corporal  e  cada  item
de aptidão  física  foram  avaliadas  com  os  modelos  de  regressão  quadrática  por  faixa  etária  com
relação ao  sexo.
Resultados:  A  aptidão  física  de  jovens  magros  e  normais  foi,  com  poucas  exceções,  significati-
vamente  melhor  do  que  a  aptidão  física  de  jovens  com  sobrepeso  e  obesos  em  cada  faixa  etária
por sexo.  Por  outro  lado,  os  desempenhos  na  aptidão  física  não  diferiram  de  forma  consistente,
em média,  entre  jovens  magros  e  com  peso  normal  e  entre  jovens  com  sobrepeso  e  obesos.
Os resultados  das  regressões  quadráticas  indicaram  uma  relação  curvilínea  (parabólica)  entre  o
índice de  massa  corporal  e  cada  item  de  aptidão  física  na  maior  parte  das  faixas  etárias.  Os  mel-
hores desempenhos  foram  obtidos  pelos  adolescentes  na  faixa  intermediária  da  distribuição  do
índice de  massa  corporal,  ao  passo  que  os  desempenhos  dos  jovens  nas  extremidades  inferiores
e superiores  da  distribuição  do  índice  de  massa  corporal  foram  menores.
Conclusão:  As  relações  entre  o  índice  de  massa  corporal  e  a  aptidão  física  foram,  em  geral,
não lineares  (parabólica)  nos  jovens  entre  10-17  anos.
© 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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Introduction

The  increasing  prevalence  of  obesity  among  children  and
adolescence  is  a  major  public  health  challenge  world-
wide,  as  it  is  associated  with  poor  health  during  childhood,
adolescence,  and  adulthood.1 Obesity  also  affects  health-
related  physical  fitness,  which  is  often  defined  in  the
context  of  cardiorespiratory  endurance,  muscular  strength
and  endurance,  and  flexibility,  among  others.2

The  body  mass  index  (BMI)  (weight  [kg]/height  [m2])  is  a
widely  used  indicator  of  weight  status,  which  ranges  from
extreme  thinness  through  obesity.  At  its  higher  extremes,
i.e.,  overweight  and  obesity,  BMI  is  commonly  accepted  as  a
surrogate  indicator  of  excess  weight.  Since  BMI  is  based  on
weight  and  height,  it  is  considered  less  intrusive  than  more
direct  estimates  of  adiposity,  e.g.,  skinfolds.  Moreover,  the
conceptual  basis  for  its  use  in  this  context  is  reasonably  well
understood  by  the  general  public.

Relationships  between  BMI  and  indicators  of  physical

fitness  among  youth  are  commonly  viewed  in  terms  of  poten-
tially  negative  influences  of  excess  weight-for-height  on
fitness.  Many  studies  postulate  a  linear  relationship  between
BMI  and  fitness,3,4 and  evidence  indicates  linear,  negative
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elationships  between  BMI  and  fitness,  specifically  in  stud-
es  of  overweight  and/or  obese  individuals.5---7 The  latter,  of
ourse,  consider  only  a  limited  range  of  the  BMI.

It  is  possible  that  at  the  other  extreme,  a  low  BMI  may
ave  a  negative  influence  on  some  measures  of  physical
tness.8 A  low  BMI,  i.e.,  thinness,  may  influence  fitness  tests
equiring  strength  and  power  due  in  part  to  a  smaller  muscle
ass.  It  thus  makes  sense  to  consider  variation  in  indicators

f  fitness  across  the  full  range  of  variation  in  BMI  in  samples
f  youths.

Severe  thinness  and  obesity  represent  contrasting
xtremes  of  the  spectrum  of  weight  status.  It  is  equally
mportant  to  recognize  that  moderate  to  severe  thinness
vident  in  low  BMIs,  sometimes  labeled  underweight  or
ndernutrition,  is  associated  with  a  risk  of  medical  instabil-
ty  and  long-term  medical  consequences.9,10 The  incidence
f  restrictive  eating  and  low  BMI  in  children  has  been
stimated  at  3.1  per  100,000  person-years  in  the  United
ingdom11 and  2.6  per  100,000  person-years  in  Canada.12
ow  weight-for-height  (wasting  or  thinness)  indicates  in
ost  cases  a  recent  and  severe  process  of  weight  loss,  which

s  often  associated  with  acute  starvation  and/or  severe
isease.  Wasting,  of  course,  may  also  be  the  result  of
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hronically  unfavorable  living  conditions,  as  in  segments  of
he  population  in  developing  countries.  The  prevalence  of
nderweight  in  developed  countries  was  estimated  at  0.9%,
ut  was  markedly  higher  in  the  developing  countries  of  Latin
merica,  at  19.3%,  Africa,  at  26.8%,  and  Asia,  at  18.5%.13

Relatively  few  studies  have  examined  relationships
etween  fitness  and  BMI  in  samples  of  youths  with  BMIs  span-
ing  the  range  from  thin  to  obese,  and/or  have  addressed
otential  nonlinear  relationships.8,14 Results  of  a  few  stud-
es  have  noted  non-linear  relationships  for  several  fitness
ests  and  also  variation  in  relationships  with  chronological
ge  and  sex,  and  among  specific  fitness  items.15

The  purpose  of  this  study  was  to  evaluate  the  rela-
ionships  between  BMI  and  performances  on  three  physical
tness  tests  in  a  cross-sectional  sample  of  Brazilian  youths,
0---17  years  of  age.  It  was  hypothesized  that  individuals  at
ach  end  of  the  BMI  distribution,  i.e.,  thinness  (low  BMI)  and
besity  (high  BMI)  would  have  lower  performances  on  the
ndividual  fitness  tests  compared  to  normal  weight  youth.
he  expected  association  between  the  BMI  and  fitness  items
ould  be  curvilinear  with  a  parabolic  shape.

ethods

articipants

hirty-four  schools  were  contacted  from  the  Itaipu  Lake
egion  in  the  state  of  Paraná,  Brazil,  which  has  a  student
opulation  of  ∼58,000.  The  number  of  participants  that
ould  be  representative  of  the  student  population  of  10---17
ear  olds  was  determined  as  5962  (10.2%)  students  (2938
ales  and  3024  females).  This  number  of  students  was

andomly  selected  with  the  permission  and  assistance  of
chool  authorities.  Students  with  physical  or  mental  limita-
ions  were  excluded.  Written  informed  consent  was  obtained
rom  parents  or  guardians,  and  from  the  students.  A  con-
ent  rate  of  80%  was  obtained.  Since  some  students  did
ot  complete  all  assessments,  the  final  sample  was  3849
ouths  (2027  girls  and  1822  boys),  10  through  17  years  of
ge.  The  ethnic  background  of  sample  was  primarily  white
89.4%).

The  study  was  approved  by  the  ethical  committee  of
he  Medical  School  of  the  State  University  of  Campinas,  Sao
aulo,  Brazil.

ody  dimensions

ody  weight  and  height  were  measured  by  five  individ-
als  experienced  in  anthropometry,  following  a  standard
rotocol.15 Weight  was  measured  with  a  digital  scale  (Tanita,
odel  BC601)  and  height  with  a  portable  stadiometer  (Seca,
odel  217).  Intra-observer  technical  errors  of  measure-
ent,  obtained  with  two  consecutive  measures  made  by

he  same  technician,  varied  between  0.19  and  0.27  cm  for
eight  and  between  0.20  and  0.28  kg  for  weight.  The  BMI,

eight  (kg)/height  squared  (m2),  was  calculated.  Age-  and

ex-specific  cut-offs  suggested  by  the  International  Obesity
ask  Force  (IOTF)  were  used  to  classify  youth  as  thin,  normal
eight,  overweight,  or  obese.16,17

a
i
A
f
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hysical  fitness

ardiorespiratory  fitness  was  measured  with  the  multistage
0  m  shuttle  run  test.18 Participants  were  instructed  to  run
t  a  pace  indicated  by  a beep.  The  test  started  with  a
unning  speed  of  8.5  km/h  and  was  progressively  increased
y  0.5  km/h  with  each  minute.  The  test  ended  when  the
ndividual  stopped  running  due  to  fatigue  or  could  not  main-
ain  the  pace  for  two  consecutive  shuttles.  The  result  was
xpressed  as  the  total  distance  covered  in  meters.

Explosive  power  was  assessed  with  the  standing  long
ump,  measured  to  the  nearest  cm.  The  longest  of  three
umps  was  retained  for  analysis.

Muscular  strength  and  endurance  was  assessed  with  push-
ps  in  boys  and  modified  push-ups  in  girls.  For  the  modified
est  the  girls  rested  on  their  knees,  in  contrast  to  the
tandard  position  on  the  toes  in  the  protocol  for  boys.

All  measures  were  taken  during  physical  education
lasses  at  the  indoor  facilities  of  each  of  the  34  schools.

nalysis

escriptive  statistics  for  all  variables  were  calculated  sep-
rately  for  girls  and  boys  by  two-year  age  groups  ---  10---11,
2---13,  14---15,  and  16---17  years.  One-way  ANOVA  was  used
o  evaluate  differences  in  each  physical  fitness  item  among
eight  status  categories  by  age  group  within  sex.  The  Tukey

est  was  used  for  post  hoc  comparisons.  Significance  was  set
t  p  ≤  0.05.

Sex-specific  quadratic  regressions  models  of  each  fitness
est  on  the  BMI  were  performed  in  the  four  age  groups.  Each
tness  item  was  the  dependent  variable,  while  the  BMI  and
MI2 were  the  independent  variables  as  follows:

Q  =  a  +  b  ∗  BMI  +  c  ∗  BM2 (1)

here  a,  b,  and  c  were  constants.

esults

escriptive  statistics  for  age,  height,  weight,  the  BMI  and
hree  fitness  items  are  summarized  for  girls  and  boys  by
ge  group  in  Table  1.  There  is  little  variation  among  age
roups  of  girls  in  each  fitness  item;  among  boys,  in  con-
rast,  performances  on  each  test  increase,  on  average,  with
ge.

Frequencies  and  percentages  of  girls  and  boys  in  each
ge  group  classified  by  weight  status  and  descriptive  statis-
ics  for  the  three  fitness  tests  are  summarized  in  Table  2.
lthough  there  is  overlap,  performances  of  thin  and  nor-
al  weight  youth  in  each  age  group  of  girls  and  boys

re,  with  few  exceptions,  significantly  better  than  those
f  overweight  and  obese  youth.  On  the  other  hand,  fit-
ess  performances  of  thin  and  normal  weight  youth  and  of
verweight  and  obese  youth  did  not  significantly  differ,  on
verage.

Results  of  the  quadratic  regressions  for  each  fitness  test

re  illustrated  by  age  group  for  girls  and  boys,  respectively,
n  Fig.  1;  the  respective  equation  models  are  also  included.
lthough  the  common  variance  was  relatively  low  (R2 ranges
rom  2%  to  16%),  several  trends  are  suggested.
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Table  1  Number  of  participants,  means,  and  standard  deviations  for  age,  height,  weight,  BMI,  and  physical  fitness  items  for
girls and  boys  by  age  group.

Age  (years)  Height  (cm)  Weight  (kg)  BMI  (kg/m2)  Standing  long
jump  (cm)

Push-ups  (#)  Multi-stage
shuttle  run  (m)

Age  group
(years)

n  M  SD  M  SD  M  SD  M  SD  M  SD  M  SD  M  SD

Girls
10---11  433  11.3  0.5  149.4  7.7  42.7  10.9  19.0  3.8  118.0  22.4  10.4  6.9  428  183
12---13 317  12.5  0.3  155.3  6.6  46.8  9.9  19.4  3.6  121.6  20.3  10.1  7.1  473  209
14---15 667  13.9  0.6  159.7  6.0  53.1  11.3  20.8  3.9  120.8  22.2  11.5  7.8  437  191
16---17 610  16.2  0.8  162.1  6.5  55.8  9.9  21.3  3.7  118.5  21.0  11.6  7.9  451  212

Boys
10---11 316  11.3  0.5  147.6  7.8  41.2  10.3  18.7  3.6  135.8  22.7  9.7  6.9  592  271
12---13 295  12.5  0.3  154.3  8.9  47.4  11.6  19.7  3.7  144.4  21.7  10.2  7.1  678  307
14---15 674  14.0  0.6  164.5  9.2  55.3  13.2  20.3  3.8  159.9  25.5  13.1  8.1  826  363
16---17 537  16.2  0.8  173.5  7.7  65.2  14.1  21.6  4.1  176.2  28.8  17.3  10.8  1011  398
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M, mean; SD, standard deviation; BMI, body mass index.

Performances  in  the  standing  long  jump  show  a  curvilin-
ear  relationship  with  the  BMI  in  the  four  age  groups  of  boys,
although  the  relationship  among  boys  12---13  years  of  age  is
not  as  well  defined,  as  in  the  other  age  groups.  Among  girls,
the  relationship  between  performance  in  the  standing  long
jump  and  the  BMI  is  curvilinear  among  girls  aged  10---11  and
12---13  years,  but  is  linear  among  girls  aged  14---15  and  16---17
years.

Performances  in  the  push-up  test  show  a  well-defined
curvilinear  relationship  with  the  BMI  in  boys  aged  10---11,
14---15,  and  16---17  years,  but  a  linear  relationship  in  boys
aged  12---13  years.  The  relationship  between  push-up  per-
formance  and  the  BMI  is  linear  in  girls  aged  10---11  years,  but
is  curvilinear  in  the  three  older  age  groups.

The  relationship  between  the  BMI  and  performance  on
the  multistage  shuttle  run  is  markedly  curvilinear  in  older
boys  aged  14---15  and  16---17  years,  but  is  linear  in  younger
boys  at  10---11  and  12---13  years.  In  contrast,  there  is  little
consistency  in  relationships  between  the  BMI  and  multistage
shuttle  run  among  the  four  age  groups  of  girls.  The  relation-
ship  is  linear  among  girls  aged  10---11  and  14---15  years,  with
performances  declining  with  an  increasing  BMI.  The  rela-
tionships  among  girls  aged  12---13  years  and  16---17  years  are
curvilinear,  but  the  directions  of  the  effects  of  the  BMI  on
performance  are  variable.  Among  younger  girls,  distances
covered  in  the  multistage  shuttle  run  are  lower  among  girls
with  a  BMI  in  the  mid-range,  and  are  greater  among  girls  with
BMIs  at  the  lower  and  higher  ends  of  the  distributions;  never-
theless,  thin  girls  had  significant  better  performances  than
overweight  and  obese  girls.  The  reverse  is  the  case  among
girls  at  16---17  years  of  age.  Distances  covered  are  greater
in  the  mid-range  of  the  BMI  distribution  and  are  especially
lower  at  the  high  end  of  the  BMI  distribution.

Discussion
Cardiovascular  fitness  (endurance  shuttle  run),  explosive
power  (standing  long  jump),  and  muscular  strength  and
endurance  (push-ups)  improved,  on  average,  with  age  in

B
y
(
r

razilian  boys,  but  were  relatively  stable  in  Brazilian  girls.
he  trends  were  generally  consistent  with  other  studies  of
dolescents.19 Moreover,  fitness  levels  of  overweight  and
bese  youth  of  both  sexes  were  lower  than  fitness  levels  of
ormal  weight  and  thin  youth,  consistent  with  observations
f  reduced  levels  of  health-related  fitness  in  overweight  and
bese  youth.20,21

Performances  on  the  endurance  shuttle  run  and  stand-
ng  long  jump  were,  on  average,  better  among  boys  than
irls  across  the  age  range.  Given  the  difference  in  proto-
ols,  comparison  of  push-ups  between  boys  and  girls  is  not
arranted.  In  contrast  to  fitness,  the  BMI  overlapped,  on
verage,  between  boys  and  girls  across  the  age  range.

Across  the  entire  range  of  BMIs  within  each  age  group,
elationships  between  BMI  and  physical  fitness  varied
etween  boys  and  girls,  within  each  sex,  and  among  the
est  items.  In  most  age  groups,  the  relationship  tended  to  be
urvilinear  (parabolic);  better  performances  were  attained
y  adolescents  in  the  mid-range  of  the  BMI  distribution,
hile  performances  of  youth  at  the  low  and  high  ends  of

he  BMI  distribution  were  lower.
The  trends  noted  in  Brazilian  youth  were  generally  con-

istent  with  those  observed  in  Taiwanese  youth  aged  9---18
ears  for  the  standing  long  jump,  sit-ups,  and  800/1600  m
un/walk,15 more  so  among  boys  than  among  girls  and
llowing  for  the  different  tests  of  muscular  strength
nd  endurance  (push-ups  vs.  sit-ups)  and  cardiovascular
ndurance  (20  m  endurance  shuttle  run  vs.  800/1600  m
un/walk).  The  same  analytical  strategy  was  used  in  both
tudies.

The  association  between  the  BMI  and  standing  long  jump
as  the  same  in  both  Brazilian  and  Taiwanese  boys,  i.e.,  a
enerally  curvilinear  relationship  across  adolescence.  Note,
owever,  that  in  Taiwanese  boys  aged  9---10  years,  the  asso-
iation  was  linear.

The  association  between  the  endurance  shuttle  and

MI  was  linear  among  Brazilian  boys  at  10---11  and  12---13
ears  of  age,  and  curvilinear  at  14---15  and  16---17  years
Fig.  1).  Among  Taiwanese  boys,  the  trend  for  the  800  m
un/walk  was  also  linear  at  9---10  and  11---12  years,  and
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Table  2  Distributions  (frequencies  and  percentages)  and  physical  fitness  performance  in  each  physical  fitness  item  of  girls  and
boys by  weight  status  within  age  groups.  Summary  of  ANOVA  results  for  differences  between  weight  status  in  each  physical  fitness
item within  each  sex  (only  the  significant  pairwise  differences  are  shown).

Standing  long  jump  Push-ups  Multi-stage  shuttle  run
(cm) (n)  (m)

n  (%)  M  SD  Pairwise
diff./Eta-
squared

M  SD  Pairwise
diff./Eta-
squared

M  SD  Pairwise
diff./Eta-
squared

Girls
10---11  years  b/0.074  b/0.068  b

Th 48  (11)  117.0  24.6  Ob  12.1  8.1  Ow;  Ob  498  215  Ow;  Ob
Nw 263  (61)  121.9  20.7  Ow;  Ob  11.3  7.1  Ow;  Ob  458  181  Ow;  Ob
Ow 99  (23)  112.9  21.9  Ob  7.7  5.0  357  131  Ob
Ob 23  (5)  97.6  24.0  6.7  4.8  251  131

12---13 years  a/0.036  a/0.028  a
Th 35  (11)  125.3  19.1  Ob  11.1  7.8  Ob  509  195  Ow
Nw 218  (69)  122.9  19.8  Ob  10.1  6.7  Ob  494  218  Ow
Ow 52  (16)  117.0  19.4  10.8  8.5  Ob  382  149
Ob 12  (4)  106.4  28.5  4.4  4.6  377  173

14---15 years  b/0.037  a/0.014  b
Th 63  (9)  124.5  23.1  Ow;  Ob  12.1  8.2  495  192  Ow;  Ob
Nw 458  (69)  122.6  22.2  Ow;  Ob  12.0  7.9  Ob  443  194  Ob
Ow 115  (17)  115.7  20.6  10.3  7.0  410  164
Ob 31  (5)  106.1  18.9  8.5  7.6  328  186

16---17 years  b/0.034  a/0.074  a
Th 91  (15)  119.8  20.0  Ow;  Ob  9.7  6.4  Nw  444  225
Nw 419  (69)  120.2  20.7  Ow;  Ob  12.1  7.9  467  214  Ow
Ow 82  (13)  111.4  20.5  11.4  9.3  391  171
Ob 18  (3)  104.2  23.4  8.7  6.7  394  234

Boys
10---11 years  b/0.118  b/0.104  b

Th 31  (10)  134.1  19.1  Ob  8.6  4.9  664  314  Ow;  Ob
Nw 209  (66)  140.3  22.6  Ow;  Ob  11.2  7.2  Ow;  O  642  267  Ow;  Ob
Ow 53  (17)  128.6  19.0  Ob  6.2  5.0  464  203
Ob 23  (7)  112.9  18.4  5.4  4.4  335  106

12---13 years  b/0.145  b/0.124  b
Th 27  (9)  148.9  16.4  Ow;  Ob  12.2  7.6  Ow;  Ob  761  287  Ow;  Ob
Nw 185  (63)  149.5  20.4  Ow;  Ob  11.7  7.0  Ow;  Ob  741  314  Ow;  Ob
Ow 64  (22)  133.9  20.3  6.6  5.5  530  236
Ob 19  (6)  124.4  22.2  5.2  4.4  444  182

14---15 years  b/0.063  b/0.035  b
Th 55  (8)  159.7  22.3  Ob  13.6  6.5  Ob  753  345  Nw;  Ob
Nw 475  (71)  163.0  24.9  Ow;  Ob  13.8  8.0  Ow;  Ob  883  355  Ow;  Ob
Ow 107  (16)  153.8  25.2  11.3  8.6  722  339  Ob
Ob 37  (5)  137.2  24.6  8.2  7.7  489  294

16---17 years  b/0.058  b/0.037  b
Th 39  (7)  174.3  26.7  Ob  14.9  7.9  972  394
Nw 397  (74)  179.1  27.7  Ob  18.2  10.4  Ob  1,052  388  Ow;  Ob
Ow 68  (13)  172.6  30.5  Ob  17.0  13.8  Ob  915  398
Ob 33  (6)  150.7  29.2  10.0  8.6  760  412

M, mean; SD, standard deviation; ANOVA, analysis of variance; diff., differences; a, significant for p < 0.01; b, significant for p < 0.001;

w
o
c
w

Th, thin; Nw, normal weight; Ow, overweight; Ob, obese.
as  curvilinear  at  13---15  and  16---18  years.  Thus  among
lder  adolescent  Brazilian  and  Taiwanese  boys,  better
ardiovascular  performances  were  observed  among  boys
ith  BMIs  in  the  mid-range  of  the  distributions.

a
s
b

Allowing  for  the  different  measures  of  muscular  strength
nd  endurance,  associations  with  the  BMI  were  generally
imilar  in  the  Brazilian  (push-ups)  and  Taiwanese  (sit-ups)
oys.  The  associations  in  both  samples  were  curvilinear



BMI  and  physical  fitness  363

Girls Boys

BMI BMI

BMI

BMI

BMI

BMI

S
ta

nd
in

g 
lo

ng
 ju

m
p 

(c
m

)

S
ta

nd
in

g 
lo

ng
 ju

m
p 

(c
m

)

P
us

h-
up

s 
(#

)

P
us

h-
up

s 
(#

)

C
ar

di
ov

as
cu

la
r 

fit
ne

ss
 (

m
)

C
ar

di
ov

as
cu

la
r 

fit
ne

ss
 (

m
)

160

80
40383634323028262422201816141210 40383634323028262422201816141210

0

5

10

15

20

25

30

40383634323028262422201816141210

1100

1000

900

300

400

500

600

700

800

40383634323028262422201816141210

80

100

120

140

160

180

200

220

240

141210

34 403836323028262422201816141210
300

400

500

600

700

800

900

1000

1100

0

5

10

15

20

25

30

100

120

140

180

200

220

240

10-11 years: Y = 86,2 + 4,4 BMI − 0,1 BMI2; R2 = 0,08

14-15 years: Y = 120,7 - 4,7 BMI - 0,1 BMI2; R 2 = 0,07
16-17 years: Y = 102,2 + 6,9 BMI − 0,2 BMI2; R 2 = 0,06

12-13 years: Y = 129,7 + 3,5 BMI - 0,1 BMI2; R2 = 0,16
10-11 years: Y = 52,2 + 10,1 BMI − 0,3 BMI2; R2 = 0,11

12-13 years: Y = 5,1 − 0,7 BMI  − 0,02 BMI2; R 2 = 0,02

16-17 years: Y = -9,6 + 1,9 BMI  − 0,04 BMI2; R 2 = 0,02
14-15 years: Y = 9,0 + 0,4 BMI  − 0,01 BMI2; R 2 = 0,02

10-11 years: Y = 17,7 - 0,4 BMI  − 0,01 BMI2; R 2 = 0,04
12-13 years: Y = 19,8 − 0,4 BMI  − 0,005 BMI2; R 2 = 0,09

16-17 years: Y = -0,2 + 1,6 BMI − 0,04 BMI2; R 2 = 0,02
14-15 years: Y = 6,9 + 0,9 BMI  - 0,03 BMI2; R 2 = 0,03

10-11 years: Y = -4,6 − 1,9 BMI  − 0,06 BMI2; R 2 = 0,08

10-11 years: Y=733,8+9,5BMI -0,9BMI2; R2=0,12
12-13 years: Y=11126,5-18,5BMI -0,2BMI2; R2=0,11
14-15 years: Y=329,9+61,4BMI-1,8BMI2; R2=0,07
16-17 years: Y432,9+58,6BMI -1,4BMI2; R2=0,04

16-17 years: Y = 358,9 + 12,4 BMI  − 0,1 BMI2; R 2 = 0,01
14-15 years: Y = 676,2 - 14,2 BMI  + 0,1 BMI2; R 2 = 0,03
12-13 years: Y = 902,6 − 30,3 BMI  + 0,4 BMI2; R 2 = 0,05
10-11 years: Y = 695,5 − 12,5 BMI  − 0,08 BMI2; R 2 = 0,11

16-17 years: Y = 111,5 + 1,46 BMI − 0,05 BMI2; R 2 = 0,04
14-15 years: Y = 135,3 + 2,2 BMI − 0,2 BMI2; R 2 = 0,05
12-13 years: Y = 102,7 + 3,1 BMI − 0,1 BMI2; R2 = 0,07
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Figure  1  Results  of  the  quadratic  regressions  and  the  respect
boys.

across  the  adolescent  age  range,  except  for  Brazilian  boys

12---13  years,  among  whom  the  relationship  was  linear.

In  contrast  to  boys,  there  was  more  variability  in  the
association  between  the  BMI  and  indicators  of  fitness  in
girls.  For  the  standing  long  jump,  a  curvilinear  pattern  was

a
a
t
i

quation  models  by  age  group  for  each  fitness  test  for  girls  and

pparent  in  Brazilian  girls  at  10---11  and  12---13  years  and

lso  in  Taiwanese  girls  at  11---12  and  13---15  years.  However,
mong  Brazilian  girls  at  14---15  and  16---17  years,  the  associa-
ion  between  the  BMI  and  jumping  performance  was  linear,
.e.,  performances  declined  from  a  low  to  a  high  BMI,  which
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64  

ontrasted  the  curvilinear  trend  in  Taiwanese  girls  aged
6---18  years.

The  association  between  the  BMI  and  the  endurance  shut-
le  run  also  varied  among  age  groups  in  Brazilian  girls.
he  relationship  was  generally  linear  at  10---11  and  14---15
ears,  but  was  curvilinear  at  12---13  and  16---17  years.  Among
irls  12---13  years,  however,  the  relationships  was  inverted,
.e.,  better  performances  were  indicated  among  girls  at  the
ow  and  high  ends  of  the  BMI  distribution,  whereas  among
irls  at  16---17  years,  better  performances  were  indicated
mong  girls  in  the  mid-range  of  the  BMI  distribution.  Among
aiwanese  girls,  the  association  between  the  800  meter
un/walk  and  BMI  was  linear  at  9---10  years  but  curvilinear
t  11---12,  13---15,  and  16---18  years.  In  the  latter  three  age
roups,  better  performances  were  noted  among  girls  in  the
ow  and  mid-range  of  the  BMI  distributions.

Allowing  for  the  different  indicators  of  muscular  strength
nd  endurance,  relationships  with  the  BMI  were  generally
imilar  in  the  two  studies.  Among  Brazilian  girls  11---12  years,
he  association  between  modified  push-up  performances  and
he  BMI  was  linear,  but  the  relationship  was  curvilinear  in  the
hree  older  age  groups.  Among  Taiwanese  girls,  the  rela-
ionships  between  sit-up  performances  and  the  BMI  were
urvilinear  across  the  ages  groups  considered.

Relationships  between  the  BMI  and  composite  fitness
cores  have  also  been  considered.  Among  the  Taiwanese
outh  aged  9---18  years8 and  Chinese  youth  aged  7---18
ears,22 the  relationship  was  consistently  curvilinear,  i.e.,
here  were  better  overall  fitness  scores  among  youth  in  the
id-range  compared  to  the  low  and  high  ranges  of  the  BMI
istribution.

Nevertheless,  there  are  some  components  of  the  fitness
atteries  that  deviate  from  the  suggested  trends.  For  exam-
le,  both  thin  and  obese  Spanish  youth  13---18  years  had,  in
eneral,  reduced  levels  of  fitness  in  most  tests,23 consistent
ith  observations  in  the  present  study  (Table  2).  This  trend,
owever,  was  not  apparent  in  all  fitness  tests.  For  exam-
le,  in  an  upper  body  strength  test  in  which  the  body  was
uspended  (bent  arm  hang),  thin  subjects  performed  bet-
er  than  normal  weight,  overweight,  or  obese  youths,  while
n  grip  strength,  which  does  not  require  support  or  move-
ent  of  body  mass,  overweight  and  obese  youth  performed
etter  than  their  thin  and  normal  weight  peers.23 By  infer-
nce,  care  is  warranted  in  generalizing  about  relationships
etween  the  BMI  and  specific  fitness  tests  among  youth.

Allowing  for  different  analytical  strategies,  several  stud-
es  have  shown  a  negative  relationship  between  the  BMI  and
tness  or  motor  performances  among  youth.  For  example,
erformances  on  the  push-up,  sit-up,  and  9-min  run  tests
eclined,  on  average,  from  normal  weight  to  overweight
o  obese  Hong  Kong  adolescents,24 while  performances  on
otor  coordination  tests  were  negatively  associated  with
MI  across  childhood.21 From  another  perspective,  the  high-
st  levels  of  fitness  were  noted  among  school  children  with

 healthy  BMI,25 while  a  lower  BMI  contributed  with  other
ariables  to  better  aerobic  capacity  in  Taiwanese  children
---8  years.26

BMI  is  largely  used  as  a  proxy  measure  of  excess  weight

ecause  it  is  a  practical  measure  and  is  less  intrusive  than
ore  direct  measures  such  as  skinfolds.  As  recommended
y  the  IOTF,  BMI  can  also  be  used  as  an  indicator  of  nutri-
ional  status,  specifically  at  the  low  end  of  the  distribution.

C

T
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lthough  BMI  has  limitations,  it  is  a  concept  that  is  easily
nderstood  by  the  general  public.

The  focus  of  the  relationship  between  BMI  and  physical
tness  is  often  on  the  negative  influence  of  weight  status
n  fitness.8 This  likely  reflects  concerns  for  the  relatively
igh  prevalence  of  overweight  and  obesity  among  the  youth
n  many  countries.27 Most  existing  studies  postulate  a  lin-
ar  relationship  between  BMI  and  fitness,  particularly  when
ealing  with  overweight/obese  individuals.5---7 As  such,  the
tudies  do  not  address  the  full  range  of  variability  of  the
MI.  Obesity  and  thinness  represent  opposite  extremities  of
he  weight  status  spectrum.  The  major  goal  in  the  present
tudy  was  to  show  that  physical  fitness  is  in  part  depend-
nt  on  weight  status,  can  be  negatively  influenced  by  a
igh  BMI  (likely  excess  body  fat),  and  can  also  be  negatively
nfluenced  by  a  low  BMI  (reduced  lean  tissue  mass).  As  the
vidence  suggests,  the  consideration  of  fitness  across  the
otal  spectrum  of  the  BMI  in  this  sample  of  Brazilian  youth
ndicates  a  curvilinear  relationship,  consistent  with  other
tudies.  Unfortunately,  skinfold  thickness  was  not  measured.
n  earlier  study  of  young  adult  males  indicated  a  linear,  neg-
tive  relationship  between  the  sum  of  skinfolds  and  a  fitness
ndex,  i.e.,  higher  fitness  among  subjects  with  the  lowest
um  of  skinfolds.28

Regrettably,  an  indicator  of  biological  maturity  status  of
he  youth  was  not  available.  This  is  a limitation,  as  individ-
al  differences  in  the  timing  and  tempo  of  growth  spurts  in
eight  and  weight  could  influence  the  BMI  per  se,  and  in  turn
nfluence  relationships  between  the  BMI  and  measures  of  fit-
ess  in  early  and  mid-adolescence.  In  addition,  body  weight,
ean  tissue  mass,  fat  mass,  and  muscular  strength  have  their
wn  growth  spurts  which,  on  average,  reach  their  maxi-
um  velocity  after  the  peak  velocity  of  height  growth.29,30

evertheless,  data  were  analyzed  in  relatively  narrow  age
roups,  which  perhaps  reduced  the  potential  influence  of
nter-individual  differences  in  biological  maturity  status.

In  summary,  samples  comprising  many  studies  of  BMI  and
tness  among  youths  are  often  limited  in  the  range  of  BMIs
epresented.  Quite  often,  studies  focus  on  the  overweight-
bese  range  compared  to  the  normal  range  of  the  BMI
istribution.  The  sample  of  the  present  study  spanned  the
MI  spectrum,  as  about  10%  of  the  youth  were  classified  as
hin,  17%  were  classified  as  overweight,  and  5%  were  clas-
ified  as  obese.  In  most  of  age  groups,  and  in  boys  more
o  than  girls,  the  relationship  between  BMI  and  physical  fit-
ess  tests  was  curvilinear,  with  normal  weight  youths  having
etter  fitness  test  performances.
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