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Abstract  :  The  present  s tudy  was  p lanned  to  assess  the  cor re la t ion  of
pulmonary functions with body fat percentage in young individuals. A total
o f  132  (ma les -68 ,  f emales -64)  young  s tuden t s  (18  to  21  yea r s )  wi th
moderately sedentary l i festyle were recruited in this  s tudy.  Their  height ,
weight, body mass index (BMI) and waist to hip ratio (WHR) were measured.
Pu lmonary  func t ion  t e s t s  ( s t a t i c  and  dynamic )  were  r ecorded  on  a
computerized portable Schiller lung function unit SP-1. The percentage of
body  fa t  was  es t imated  by  measur ing  sk in  fo ld  th ickness  a t  four  s i t e s
(4SFT-b iceps ,  t r i ceps ,  subscapu la r  and  supra i l i ac )  wi th  the  he lp  o f
Harpenden’s caliper. In males body fat % showed negative correlation with
expiratory reserve volume (ERV),  forced vi tal  capaci ty (FVC),  maximum
venti latory volume (MVV),  peak expiratory f low rate  (PEFR) and forced
exp i ra to ry  vo lume  a t  the  end  o f  f i r s t  s econd  (FEV 1) .  I t  was  obse rved
tha t  in  f emales  body  fa t  % had  nega t ive  co r re la t ion  wi th  ERV,  FVC,
and MVV. These results  indicate that  increase in percentage of body fat
and central  pattern of fat  distr ibution may affect  the pulmonary function
t e s t s .
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s ty le ,  p romote  weigh t  ga in .  Al though  a l l
r isks  associated with increasing weight  are
aggravated in persons with body mass index
(BMI) > 40 kg/m2, a BMI between 25 and 30
kg/m 2 should  be  v iewed  as  medica l ly
s ign i f ican t  and  wor thy  of  therapeu t ic
in te rven t ion  espec ia l ly  in  the  p resence  of
r i sk  fac tors .  The  in f luence  of  increased
percentage of body fat (body fat >35%) and
central obesity on blood pressure and glucose
intolerance has been well documented (3, 4).

INTRODUCTION

The magni tude  of  the  upswing  in
overweight and obesity prevalence has been
truly astonishing (1). It has now become an
impor tan t  hea l th  p rob lem in  deve lop ing
count r ies  par t i cu la r ly  in  Ind ia  (2 ) .  The
consequences  o f  indus t r ia l i za t ion  and
urban iza t ion ,  which  lead  to  decrease  in
physica l  ac t iv i ty ,  together  wi th  subs tant ia l
die tary  changes  and overal l  pat tern  of  l i fe
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Most of the studies regarding the effect
of obesity on pulmonary function tests have
been conducted in males,  in  the age group
of 5 to 16 years or they have been carried
out in the elderly age groups (5,  6).  These
studies  have not  considered the percentage
of body fat and the pattern of fat distribution
which also can affect the pulmonary function.
Thus ,  the  purpose  of  th i s  s tudy  was  to
eva lua te  the  assoc ia t ion  of  pu lmonary
func t ions  ( s ta t i c  and  dynamic)  wi th  the
percen tage  of  body  fa t  in  young  Ind ian
s t u d e n t s .

METHODS

The study was conducted in 132 student
volunteers (68 males and 64 females) in the
age  group of  18–21 years  wi th  body mass
index (BMI) 18.5 to 29.9 kg/m2.

Al l  the  vo lun teers  were  phys ica l ly
heal thy,  without  any symptoms.  They were
eva lua ted  as  per  s tandard  proforma which
included a  quest ionnaire .  The exper imental
pro toco l  was  exp la ined  to  a l l  the  s tuden t
volunteers and written informed consent was
obtained from them. The Institutional ethical
commit tee  approved the  s tudy.

Students  doing regular  exercise ,  having
obstructive or restrictive type of respiratory
diseases and taking t reatment  for  the same
or  hav ing  metabol ic  d i sorders  re la ted  to
obes i ty  were  exc luded  f rom the  s tud ies .
Al l  an thropomet r ic  measurements  were
obta ined  in  the  vo lun teers  wear ing  l igh t -
weigh t  c lo th ing ,  and  bare foo t .  Al l
measurement  p rocedures  were  as  per  the
protocol  descr ibed in  Hels inki  Declarat ion.
Standing height was measured to the nearest
0 .1  cm.  Body weight  was  recorded  in

ki lograms on an empty bladder  and before
lunch on a standardized weighing scale. The
weight  measurement  was  recorded  to  the
nearest 0.1 kg. The waist circumference (cm)
was  measured  a t  a  po in t  midway be tween
the lower rib and iliac crest, in a horizontal
p lane .  The  h ip  c i rcumference  (cm)  was
measured at the widest girth of the hip. The
measurements  were recorded to  the nearest
0.1 cm. Body mass index was calculated by
Quetelet’s Index (7).

The study was undertaken in four groups.
Volunteers  having BMI 18.5 to  24.9 kg/m2

formed the  cont ro l  g roups  for  males  and
females  (34  males  and  32  females )  and
volun teers  hav ing  BMI 25  to  29 .9  kg /m 2

formed the overweight groups for males and
females  respect ively .

The percentage of body fat was estimated
by  us ing  the  method  of  Durn in  and
Womersley (8). For measuring the skin fold
thickness at  four different  si tes on the left
side of the body, skin fold caliper was used.
Ext remi ty  sk info lds  were  measured  a t  the
triceps and biceps and trunk skinfolds were
measured at  the  suprai l iac  and subscapular
areas  (8 ,  9) .  The skin  fo ld  was  picked up
between the  thumb and the  foref inger  and
the readings were taken 5 seconds after the
ca l iper  was  app l ied .  Three  consecu t ive
read ings  were  t aken  and  recorded  a t  each
s i te .  The  d i f fe rence  was  no t  more  than  2
mm between them. The average of the three
readings at each site was calculated and the
sum of  these  va lues  was  en te red  in to  the
table given by Durnin and Womersley (8).

Pulmonary functions were recorded on a
computerized portable Schiller lung function
unit SP-1(RS 232). The recorded parameters
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were  compared wi th  the  inbui l t  pulmonary
func t ion  norms  for  the  Ind ian  popula t ion
depending  upon  the  age ,  sex ,  he igh t ,  and
weight.  The spirometer was calibrated daily
us ing  ca l ib ra t ion  syr inge  of  2  l i t e r s .
Recording of stat ic and dynamic pulmonary
funct ion tes ts  was  conducted on mot ivated
young  hea l thy  vo lun teers  in  s tand ing
position (10).

These tests were recorded at noon before
lunch,  as  expiratory f low rates  are  highest
a t  noon  (11) .  For  each  vo lun teer  th ree
satisfactory efforts were recorded according
to  the  norms  g iven  by  Amer ican  Thorac ic
Soc ie ty  (12) .  The  essen t ia l  pa ramete rs
obtained were, tidal volume (VT), expiratory
reserve volume (ERV),  inspiratory capaci ty
(IC), forced vital capacity (FVC), timed vital
capac i ty  (FEV 1) ,  maximum vent i l a to ry
volume (MVV) and peak expiratory flow rate
(PEFR).  All  the records i .e .  anthropometric
measurements ,  sk in  fo ld  measurements  and
recording of  pulmonary function tests  were
conducted in one si t t ing on the same day.

Analys i s  o f  data

The ventilatory lung function tests were
compared in both the normal and overweight
groups  by  the  ‘unpa i red  t ’  t e s t .  Da ta
were  expressed  as  Mean±SD.  S ta t i s t i ca l
significance was indicated by ‘P’ value <0.05.
Correlation of ventilatory lung function tests
with body fat percentage was noted by using
Pearson’s  cor re la t ion  coef f ic ien t  t es t .  The
non zero values of ‘r’ between - 1 to 0 indicate
negat ive  cor re la t ion .

RESULTS

The  an thropomet r ic  parameters  o f  the
male and female groups are given in Table
I. In the present study age and height of the
subjec t s  were  homogenous .  There  was
significant difference in the waist to hip ratio
and percentage body fat .

The  observed  va lues  o f  var ious  lung
func t ion  parameters  a re  provided  in  Table
II.  In males and females overweight groups

TABLE I : Compar i son  o f  Mean±SD va lues  o f  an th ropomet r i c  pa ramete r s  o f  four  g roups  o f  the  vo lun tee r s .

M a l e s F e m a l e s

P a r a m e t e r s C o n t r o l O v e r w e i g h t C o n t r o l O v e r w e i g h t
( n ) ( 3 4 ) ( 3 4 ) ( 3 2 ) ( 3 2 )

Age  (yea r s ) 18 .02± 3 . 2 7 18 .73± 3 . 0 2 18 .34± 1 . 0 6 17 .25± 1 . 5 4
Heigh t  ( cm) 172 .50± 7 . 0 1 173 .00± 4 . 1 2 160 .50± 6 . 0 2 164 .05± 1 . 3 4
Weigh t  (kg) 66 .79± 5 . 8 0 77 .90± 6 . 7 1 63 .70± 5 . 6 4 68 .40± 7 . 9 0
B M I 22 .30± 1 . 5 6 27 .37± 1 . 2 7 21 .30± 1 . 5 2 26 .70± 1 . 5 0
W H R 0 . 8 3± 0 . 1 4 0 . 9 3± 0 .05* 0 . 8 4± 0 . 0 5 0 . 8 9± 0 .16*
Skin  fo ld  th ickness  (mm)
B i c e p s 10 .36± 4 . 2 2 13 .84± 6 . 4 2 12 .00± 4 . 6 3 14 .25± 7 . 1 8
T r i c e p s 12 .92± 4 . 6 0 20 .09± 6 . 3 3 16 .54± 4 . 6 2 22 .31± 5 . 4 2
S u b s c a p u l a r 18 .61± 5 . 0 2 28 .72± 7 .1 22 .29± 8 .1 28 .26± 7 . 4 6
S u p r a i l i a c 22 .50± 6 . 7 2 30 .86± 7 .4 27 .82± 7 . 3 9 32 .31± 7 . 4 4
Body fa t  % 23 .35± 2 . 9 1 28 .41± 2 .92* 31 .99± 3 . 9 2 34 .53± 1 .75*

*P<0 .05  unpa i red  ‘ t ’  t e s t ;  Body  Fa t  % –  ca lcu la ted  by  Durn in  and  Womers ley  method .
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TABLE II : Compar i son  o f  Mean±SD va lues  o f  pu lmonary  func t ion
tes t s  amongst the control  and overweight groups.

M a l e s F e m a l e s

P a r a m e t e r s C o n t r o l O v e r w e i g h t C o n t r o l O v e r w e i g h t

V T (L) 0 . 4 8± 0 . 0 9 0 . 4 6± 0 . 0 9 0 . 3 7± 0 . 1 1 0 . 3 5± 0 . 1 0
ERV (L) 0 . 8 0± 0 . 1 5 0 . 7 3± 0 .10* 0 . 5 9± 0 . 1 4 0 . 5 1± 0 .18*
IC (L) 3 . 1 0± 0 . 5 1 3 . 0 5± 0 . 7 1 2 . 6 8± 0 . 3 1 2 . 6 2± 0 . 3 2
FVC (L) 3 . 9 6± 0 . 6 9 3 . 7 0± 0 .40* 3 . 1 5± 0 . 4 1 2 . 9 9± 0 .30*
F E V 1/ F V C 0 . 7 9± 0 . 0 3 0 . 8 0± 0 . 0 3 0 . 7 6± 0 . 0 2 0 . 7 9± 0 . 0 2
MVV (L/min) 126 .23± 24 .08 115 .30± 19 .11* 81 .16± 10 .33 74 .50± 14 .54*
PEFR (L /min) 456 .40± 115 .33 424 .10± 107 .61 385 .42± 33 .34 369 .41± 35 .11

*P<0 .05  S tuden t  ‘ t ’  t e s t ;  unpa i red  obse rva t ions .

expiratory reserve volume (ERV), forced vital
capac i ty  (FVC) ,  and  maximum vent i l a to ry
volume (MVV) were decreased significantly
(P<0.05). It was observed that body fat % in
males  g roup  had  no  cor re la t ion  wi th  t ida l
volume (V T)  and inspira tory  capaci ty  ( IC) .
In te res t ing ly  in  males  g roup  body  fa t  %
showed significant negative correlation with
ERV (r = –0.84) FVC (r = –0.54), MVV (r = –0.58),
PEFR (r = –0.43), and FEV1 (r = –0.50). It is
seen  tha t  body  fa t  % in  females  a l so  had
negative correlat ion with ERV (r  = –0.54),
FVC (r = –0.46), MVV (r = –0.40) and PEFR
(r = –0.31) and no correlat ion with VT,  IC
and FEV1.

DISCUSSION

Presen t  s tudy  demons t ra ted  the
re la t ionsh ip  of  pu lmonary  func t ions  wi th
body  fa t  percen tage  in  a  g roup  of  young
volunteers. A significant negative correlation
of  ERV wi th  body  fa t  % in  males  and
females  was  observed indica t ing  tha t  ERV
dimin ishes  in  inverse  p ropor t ion  of
percentage body fat .

As stated earl ier ,  the reduced values of

ERV were  due  to  the  increased  fa t
percen tage .  I t  i s  an  es tab l i shed  fac t  tha t
ERV contributes to the amount of FRC, VC
and TLC.  In  th i s  s tudy ,  FVC cor re la ted
inverse ly  wi th  body  fa t  % in  bo th  the
male  and  female  groups .  The  observed
va lues  o f  decreased  FVC sugges ted
displacement of air by fat within the thorax
and abdomen.

In  our  s tudy in  the  males  group,  FEV 1

showed negat ive  cor re la t ion  wi th  body fa t
%.  Both  FEV 1 and  FVC are  the  lung
func t ions  mos t  c lose ly  re la ted  to  body
composition and fat distribution. It has been
also stated that increase in adult body mass
i s  a  p red ic tor  o f  FEV 1 dec l ine  (13) .  The
normal FEV1/FVC ratio in our study indicates
tha t  the  insp i ra tory  and  expi ra tory  musc le
strength is  normal  (14) .

The  presen t  da ta  shows  tha t  inc reased
body fat  % in the males  and females have
nega t ive  cor re la t ion  wi th  ERV and  FVC
(static tests) and MVV (dynamic tests).  The
negative correlation of increased percentage
of body fat and FEV1 was observed only in
males as reported earl ier  (15–17).
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Body mass  index has  been proposed to
analyze the  effects  of  increased weight  on
pulmonary function tests, but its use is only
va l id  fo r  lung  func t ion  ind ices  where  the
cont r ibu t ion  of  fa t  and  musc les  a re
synergis t ic .  Thus  evaluat ion  of  the  change
in pulmonary function in overweight subjects
should  be  done  by  es t imat ing  body  fa t
p e r c e n t a g e .

Ind ians  a re  cons iderab ly  obese  a t  a
re la t ive ly  low BMI (2) .  Body  fa t  usua l ly
cons t i tu tes  15  to  20% of  body  mass  in
hea l thy  men and  25  to  30% in  hea l thy
women.  In  this  s tudy al though BMI of  the
control  group volunteers was within normal
range the observed body fat percentage was
on the higher side (18).

Wais t  to  h ip  ra t io  (WHR) i s  h igh ly
corre la ted  wi th  abdominal  fa t  mass  and i s
therefore;  often used as a surrogate marker
for  abdominal  or  upper  body obes i ty .  The
predicted normal  WHR in men is  0 .93 and
in women it is 0.83. In our study in both the
groups of males and females central pattern
of fat distribution was observed and all  the
ven t i l a to ry  func t ion  parameters  per  se  in

each group were within the predicted normal
r a n g e .

The  amount  o f  body  fa t  and  a  cen t ra l
pat tern of  fat  dis tr ibut ion might  be related
to  lung  func t ion  v ia  severa l  mechanisms ,
such as mechanical effects on the diaphragm
(impeding descent into the abdominal cavity)
and on the chest  wall  primari ly due to the
changes  in  compliance and in  the  work of
breathing and the elastic recoil  (19).

The study suggests that increase in body
fa t  % and  cen t ra l  fa t  d i s t r ibu t ion  i s
assoc ia ted  wi th  a  modes t  decrease  in  the
static (ERV, FVC) and dynamic (MVV, FEV1)
tests in overweight individuals. Although the
magni tude of  the  effect  i s  re la t ively  smal l
from a public health perspective, our findings
in  the  p resen t  s tudy  ind ica te  the
consequence of increased body fat % on lung
funct ion.

A larger sample size and a longitudinal
study will  definitely be of a great value in
pred ic t ing  the  re la t ionsh ip  be tween
pulmonary  func t ion  tes t s  and  body  fa t
p e r c e n t a g e .
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