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PHYSICAL FITNESS IN OBESE, NON OBESE, 
AND SPECIALLY TRAINED BOYS

by M. P en a , J .  Blanco and  P. P adrón
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Institute of Sport Medicine, Havana, Cuba

Abstract: Body composition, PWC170, and oxygen uptake were assessed in a 
selected sample of 60 boys distributed in three homogeneous groups regarding 
age and sexual development: (a) obese (body fat percent over 25), (b) controls, 
and (c) specially trained boys attending to a swimming training program for at 
least 2,5 years. The aerobic capacity of the obese was significantly reduced. The 
swimmers, on the other hand, exhibited the best indices of fitness, as it might be 
expected due to the influence of systematic training on the development of posi
tive conditioning factors. These differences, however, must not be related to an 
alteration of the work efficiency but to an extra work due to the permanent 
“overload” that constitute their excess of body fat, results that are in concur
rence with previous reports in adults.

Key words: physical fitness, obesity, swimmers.

Introduction

In  th e  so called developed countries a n d  in  those  w hich are  in  a n  ac tu a l 
process o f  d eve lopm en t a dangerous te n d e n c y  to  seden ta rism , o v erco n su m p 
tio n  of sugar, s a tu ra te d  fa ts , a low f ib e r  co n ten t in  th e  d ie t, am ong  o th e r 
fac to rs , c o n tr ib u te  to  the  d e te rio ra tio n  o f  h ea lth .

T here  is an  increasing  in te re s t in  th e  p re v e n tiv e  role concerning cond itions 
w hich  m a y  cause m o rb id ity  in  ad u lth o o d , and  in  w hich n u tr itio n a l fac to rs  
an d  p h ysica l a c tiv ity  p lay  an  im p o rta n t ro le  (B oulton  1981). O besity , indeed , 
is  one o f th e m . T h is  m u ltifac to ria l sy n d ro m e  reg ard in g  its  e tio logy , c o n s titu te s  
a m a jo r h e a lth  p rob lem  a t  th e  presen t.

Obese su b jec ts  h a v e  been ch a rac te rized  as poor perform ers w ith  a red u ced  
econom y o f w ork, an d  a re la tiv e  lower aerob ic  cap ac ity  (B a la ba n sk y  1979, 
P arízková  1977). I t  has also been sugg ested  th a t  th e ir  w ork effic iency  is 
reduced  (A pfe l b a u m  et al. 1971). O therw ise m an y  au th o rs  have s tu d ie d  th e  
effect o f sy stem atic  physical tra in in g  and  h a v e  d em o n stra ted  s ign ifican t im p ro v e 
m en ts  o f  m ost o f  th e  fu n c tio n a l indices o f  th e  card iovascu lar an d  re sp ira to ry  
sy stem s, when com paring  w ith  u n tra in e d  in d iv idua ls (P arízková  1977, 
Oe l sc h lä g el  1976, P ena  e t  al. 1980). D ie t r ic h  e t al. (1974) p o in te d  o u t 
th a t  physica l a c tiv ity  is beneficial in th e  period  o f g row th  sp u rt, a lth o u g h  an  
in fluence  on  th e  g ro w th  sp o rt its e lf  has n o t  been  y e t  d em o n stra ted  (Spr in a r o v a  
1973). K och (1978) observed  a positive effect o f tra in in g  on local m uscle 
b lood  flow . H olloszy  (1967) a n d  K ie s s l in g  e t al. (1971) rep o rted  an  increase 
in  th e  n u m b e r an d  size of m ito ch o n d ria  o f  th e  skele ta l m uscle w ith  exercise. 
In  a recen t s tu d y  P lacheta  (1980) concluded  th a t  in  a g roup  of ch ild ren  w ith
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a con tro lled  p h ysica l tra in in g  du ring  th ree  y ea rs  th e ir  fitn ess  w ere d iffe ren t 
an d  exceeded th e  n a tu ra l  in crem en ts  o f  u n tra in e d  boys b y  te n  to  fo r ty  p e r 
cen t.

T he a im  o f o u r s tu d y  w as to  com pare th re e  d ifferen t g roups o f boys w ith  
sam e chronological age an d  sexual d eve lopm en t.

Material and Methods

A selected  sam p le  o f  s ix ty  boys from  10 to  14 years old h av e  been  s tu d ie d , 
to  each  o f th em  th e  b o d y  w eight (BW ) w as recorded . Skinfold th ick n ess  on th e  
r ig h t side of th e  b o d y  w as m easured  over tr ic e p s , biceps, su b scap u la r, su p ra i-  
liac, a n d  ca lf w ith  a H o lta in  caliper w ith  a s ta n d a rd  p ressu re  of 10 g /m m 2 
accord ing  to  th e  m ethodo logy  recom m ended  b y  th e  In te rn a tio n a l B iological 
P ro g ram  (W e in e r —L o u r ie  1969). B o d y  f a t  p e rc e n t w as e s tim a te d  b y  th e  
p red ic tio n  e q u a tio n  o f P arízková  a n d  R oth  (1972). T he su b jec ts  w ere d is t r ib 
u te d  in  th re e  hom ogeneous groups resp ec tin g  chronological age an d  se x u a l 
deve lopm en t acco rd ing  to  T a n n er  (1962) as follow s:

Control g ro u p : T w e n ty  h e a lth y  boys w hose b o d y  fa t  pe rcen t w as b e tw een  
14 a n d  20.

Obese: T w en ty  b o y s , o therw ise h e a lth y , w hose b o d y  fa t  p e rcen t w as over 26.
Specially-tra ined g ro u p : T w en ty  sw im m ers w ho have a sy s tem a tic  t ra in in g  

for a t  le a s t 2.5 y e a rs  w hose b o d y  fa t  p e rcen t w as in  th e  sam e range  as th e  fa t  
p e rc e n t o f th e  co n tro ls .
F u n c tio n a l te s t :  T he su b jec ts  rep o rted  one h o u r  earlier to  th e ir  te s t  in o rd e r 
to  observe th e ir  co m p an io n  being  te s te d , en ab lin g  th em  to  know  th e  gen era l 
d e ta ils  o f th e  p ro ced u re . All of th e m  es tab lish ed  friend ly  com petitio n  a n d  
en h an ced  th e  like lihood  o f a tta in in g  m ax im u m  effort.

T he exercise p ro to co l consisted  o f th re e  lo ad in g  periods u n til  a s te a d y  s ta te  
is reach ed , w ith  one m in u te  o f re s t  be tw een  th e m . A fter th e  th ird  period  a n d  
tw o m in u tes  o f re s t  th e  lo ad  w as increased  15 w a tts  u n til th e  m ax im al e ffo rt 
w as ach ieved . T he load  w as re la ted  to  b o d y  w eigh t and  th e  su b jec ts  s ta r te d  
w ith  1 w a t t  p er kg  o f B W , each successive p e rio d  i t  w as increased  an d  b a se d  
on th e  h e a r t r a te  reach ed  in  th e  preceding  one (K em pe r  e t al. 1978). A M ijn - 
h a rd t  e lectron ic  b icycle  ergom eter w as used  w ith  parabo lic  an d  h y p erb o lic  
system s, hence th e  v a ria tio n s  o f pedalling  freq u en cy  did  n o t affect th e  p ow er 
o u tp u t. The su b jec ts  w ere coupled to  a co m p u terized  M ijn h ard t E rg o -an a ly zer 
w hich reg istered  ev ery  m in u te  th e  oxygen  u p ta k e  (V 0 2), th e  ra tio  V C 02/V 0 2 

re sp ira to ry  q u o tie n t — h e a rt r a te  (fh), a n d  th e  oxygen  pulse (V 0 2/fh ) , 
all th e se  v ariab les w ere recorded  u n til th e  su b jec t app ra ised  th e  m ax im u m  
effort.

T he P hysica l W ork ing  C apacity  (PW C) w as ca lcu la ted  b y  a regression lin e  
o b ta in ed  th ro u g h  a co rre la tio n  betw een  h e a r t  r a te  an d  th e  w a tts  o f each w ork  
load. T he PW C th a t  could p roduce a h e a r t  freq u en cy  of 170 was reco rded  as 
PW C170 o f th e  in d iv id u a l.

A one-w ay analy sis  o f varian ce  (ANOYA) w as perfo rm ed  to  assess th e  d if
ferences am ong th e  th ree  groups w ith  re sp ec t to  each  of th e  variab les s tu d ie d . 
W hen th e  d ifferences w ere found  to  be sig n ifican t pairw ise com parisons w ere 
done using  th e  S tu d e n t’s t te s t. R egression line an d  co rre la tion  coeffic ien t 
betw een  log PW C  as d ep en d en t va riab le  an d  th e  p ercen t o f body  fa t  (% B F ) 
as in d ep en d en t v a ria b le  w ere also de te rm in ed  (D a n ie l  1974).
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Results

T he bo d y  w eight an d  th e  % B F  for th e  th re e  g roups are  sum m arized  in 
T ab le  1. ANOYA yielded h igh ly  s ign ifican t F  values (p <  0.001). O bviously, 
by de fin itio n , th e  obese ex h ib ited  th e  h ig h est figures o f BW  an d  % B F . The 
tra in e d  boys a lth o u g h  sligh tly  heav ie r th a n  th e  contro ls h ad  less % B F  due 
to  th e  know n  influence o f sy s tem a tic  tra in in g  u p o n  body  com position  ( P a r i z - 
k o v á  1977, P e n a  e t al. 1980).

F igu re  1 shows th e  m eans a n d  s ta n d a rd  dev ia tions of th e  PW C 170 and  
F ig u re  2 th e  PW C 170 re la ted  to  B W  and  to  le an  body  m ass o f th e  th re e  groups. 
T he sw im m ers, as i t  could be expected , ach ieved  th e  h ighest v a lu es; on th e

G roup B o d y  w eigh t (kg) B o d y  fa t  (% )

Controls 41.6± 9.4 18.0±2.6
Obese 55.4±14.6 29.2±1.9
Swimmers 46.5 ±  8.7 16.5 ±2.5

F 128.31 173.11
Probability 0.001 0.001

Fig. 1. PWC170 of obese, non-obese, and specially trained adolescents
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Body weight and percent of body fat of the three groups studied



Fig. 2. Relative values of PWCl70 of obese, non-obese, and specially trained adolescents

o th e r h an d , no d ifferences w ere seen betw een  th e  obese an d  th e  non  tra in e d  
boys regard ing  PW C 170, b u t  w hen com paring  th e ir  re la tiv e  values th e  obese 
y ie lded  low er re su lts .

I t  m ay  be observed  in  F igure 3 th e  V 0 2max an d  in  F igure  4 its  re la tiv e  
values. T he con tro ls , — w ith  sim ilar figures re p o rte d  b y  S u z u k i  e t al. (1978) 
an d  th e  obese ra ised  to  p rac tica lly  sim ilar va lues o f V 0 2 max; how ever, re sp e c t
ing  th e  re la tiv e  ones th e  obese revealed  th e  poo rest re su lts . E v id e n tly , since 
th e  sw im m ers w ere able to  perfo rm  m ore w ork, th e y  go t th e  h ighest V 0 2 max, 
va lues com parab le  to  th o se  o b ta in ed  earlier in  a sim ilar sam ple (S p r u x a r o v a  
e t al. 1978).

A corre la tion  s tu d y  betw een  % B F  an d  th e  lo g a rith m  o f PW C170/B W  ap p ears  
in  F igu re  5 show ing th a t  th e  h igher th e  % B F  is, th e  low er th e  fu n c tio n a l 
cap ac ity  confirm ing  once m ore th e  d isad v an tag es o f o verfa tness in  p e rfo r
m ances.

A n a tte m p t w as done to  know  how  m uch oxygen  th e  boys consum ed p er 
kg-m  o f w ork p erfo rm ed  d u rin g  a su b m ax im al w ork lo ad  in  w hich th e  e s tab lish 
m en t o f a s te a d y -s ta te  w as g u a ran teed  in  order to  o b ta in  an  accu ra te  m easu re 
m en t, as recom m ended  b y  M a r g a r i a  e t al. (1965). T he obese consum ed m ore 
oxygen  per u n it  o f w ork done th a n  th e  non  obese g roups did (F igure 6) an d  
th is  w as also seen in  th e  sam e p ro p o rtio n  in  each  o f  th e  su b m ax im al w ork  
loads, re su lt th a t  agrees w ith  previous find ings ( W h i p p  e t al. 1975a, B r a y  
1977) w hich h av e  been ex p la ined  b y  th e  increased  w ork  o f m oving  th e  g re a te r
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Fig. 3. Maximal oxygen consumption of obese, non-obese, and specially trained adolescents

Fig. 4. Relative values of maximal oxygen consumption of obese, non-obese, and specially
trained adolescents



Fig. 5. Correlation between log (PWC/kg) and percent of body fat

Fig. 6. Oxygen consumption per kilogrameter of work performed and oxygen pulse of obese, 
non-obese, and specially trained adolescents
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leg m ass during  a bicycle te s t .  M oreover, sw im m ers an d  contro ls d id  n o t differ 
in  th e ir  resu lts , th u s , confirm ing  th a t  tra in in g  itse lf  does n o t m odify  th e  w ork 
effic iency  (Ás t r a n d — R od a h l  1970). Also in  th is  F igure th e  oxygen  pulse 
o f each  group m a y  be seen, th e  h ighest v a lues w ere o b ta in ed  b y  th e  sw im m ers, 
w hile no differences ex isted  betw een  th e  obese an d  th e  contro ls.

Discussion

O bese sub jec ts  are h an d icap p ed  w h en  perform ing  a given p h ysica l w ork  
w ith  re sp ec t to  le an  ones, th is  fac t c o n tr ib u te s  to  th e ir  “ laz iness”  an d  ag g ra 
v a te s  th e  well know n cycle: overfa tn ess-sed en ta rism  (P e n a — P en a  1977).

P W C 170 an d  V 0 2max re la tiv e  values, considered  as reliab le p a ra m e te rs  for 
m easu ring  aerobic capacity , were s ig n ifican tly  reduced  as it  has been  rep o rted  
b y  m a n y  au th o rs  (P arízková  1977, N o r g a n —F e r r o -L tjzzi 1978, P en a  e t al. 
1980). M oreover, a lthough  physica l f itn e ss  is a biological fea tu re  dynam ica lly  
in flu en ced  by  th e  com bined ac tion  o f  severa l fac to rs involved  — body  com 
position  am ong th e m  — th e  excess o f  bo d y  fa t  exerts  a n eg a tiv e  in fluence  
(F igu re  5) co n tr ib u tin g  to  a c o n s tan t increase  in  th e  energy cost o f ex te rn a l 
w ork. U sually  th is  energy co st of p h y sica l a c tiv ity  is expressed  in  to ta l  values 
ra th e r  th a n  n e t ones (Mil l e r  1978), th e re fo re , in  th is  angle, w ork  is a m ore 
expensive  ta sk  fo r them  th a n  for th e  leans w hen we re la ted  to  th e  kg-m  of 
w ork  perfo rm ed  during, a s te a d y  s ta te . In  stud ies carried  o u t v e ry  carefu lly  
in  a d u lts  b y  severa l investig a to rs  (W h ip p  e t al. 1975b, B ray  e t al. 1977, 
D e m p s e y  et al. 1966) th e  ra te  of o x y g en  u p ta k e  was n o t rea lly  increased , 
an d  w ork  efficiency was n o t rea lly  red u ced . O ur find ings are in  ag reem en t w ith  
th ese  considera tions. O ther m echan ism  b y  w hich fa t  could lim it th e  c o n tin 
u a tio n  o f exercise is in te rfe rin g  even m ore  th e  r a te  o f h e a t tra n s fe r  from  th e  
bo d y  core to  th e  sk in  (N a d e l  1980) in d u c in g  a g rea te r anaerobiosis.

T he sw im m ers w ho were a tte n d in g  to  11 sessions p er w eek o f tra in in g  d u rin g  
— a t  le a s t — a perio d  of 2.5 years, w ere ab le to  p erfo rm  m ore w ork  an d  th e y  
developed  skills o f  positive cond ition ing  fac to rs. E n h an ced  fitn ess , an d  resis
ta n c e  as i t  is observed  in  th e  h igher oxy g en  pu lse , — b u t again  —, no d if
ferences in  th e  efficiency o f  w ork  can b e  s ta te d .

R ely ing  upon  all these an d  th e  te n d e n c y  to  a grow ing lack  o f exercise in 
flu en ced  b y  “ c iv iliza tion”  (E ib e n  1977) i t  is ex trem ely  necessary  to  p ro m o te  
p h y sica l a c tiv ity  from  early  childhood assoc ia ted  w ith  a d e q u a te  n u tr i t io n a l 
h a b its . These fac ts  are of g re a t im p o rtan ce  an d  could  have  a beneficial im p a c t 
up o n  h u m a n  h ea lth .
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