
Ind ian  J  Phys io l  Pharmaco l  2008 ;  52 (4) :  375–382

EVALUATION OF DYNAMIC FUNCTION TESTS IN
NORMAL OBESE INDIVIDUALS

YOGESH SAXENA*, VARTIKA SAXENA**,
JYOTI DVIVEDI* AND R. K. SHARMA*

Departments  of  *Physiology and **Community  Medicine,
Himalayan Institute of Medical Sciences,
Jolly Grant,  Dehradun – 248 140

( Received on Apri l  4 ,  2008 )

Abstract  :  The  s tudy was  under taken to  assess  the  dynamic  pulmonary
function tests in obese and non obese young adults of Gharwal (Uttrakhand,
India) of 20–40 years age group, randomly selected form the employees of
Himalayan insti tute of medical  sciences,  at tendants of the patients at  the
hospi ta l  and a lso  f rom the  nearby communi ty  a t  Jo l ly  grant ,  Dehradun.
The volunteers representing mixed socioeconomic group were categorized
into obese cases  and non-obese controls  as  per  the s tandard cr i ter ia  for
Body mass index (BMI).  Dynamic pulmonary funct ion tests  were carr ied
out with all the standard protocols. Statistical analysis comprised student’s
“t” test and linear correlation analysis. The result indicated a significantly
lower value of (FVC) forced vital capacity (2.89±0.29) and (FEV1) Forced
expiratory volume in 1st  sec (2.59±0.25) in obese females.  The FVC and
FEV1 in the females correlated negatively to the BMI (r = –0.376, P<0.05
and  r  =  –0 .359  and  P<0 .05)  and  were  s ign i f i can t .  Dynamic  pu lmonary
func t ion  va lues  in  ma les  showed  a  nega t ive  cor re la t ion  bu t  were  no t
statistically significant. This concludes that obesity per se has less effect on
the dynamic funct ion tests  in  obese young adults  except  in females,  but
obese individuals presenting with greater morbidity may be more susceptible
to al tered dynamic pulmonary function test  in this  age group.
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INTRODUCTION

Across the world the prevalence of non
communicab le  d i seases  l ike  Diabe tes
mel l i tus ,  Hyper tens ion  and  Card iovascu la r
diseases  e tc .  are  increasing at  an a larming
rate. Propelling the upsurge of these, is the
increas ing  preva lence  of  over  weigh t  and

obesi ty.  Besides the genet ic  predisposi t ion,
adoption of sedentary life style, inappropriate
intake of  caloric  r ich easi ly avai lable  junk
food and automated working profile has made
the  env i ronment  conduc ive  to  the
development of obesity.

Obesi ty as  per  WHO is  defined as  ‘ the
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abnormal or  excessive collect ion of  the fat
in the body to the extent that the health is
impaired’. Once a nutritional disorder, it has
now reached an epidemic propor t ions  even
in  deve lop ing  na t ions .  (1 )  Globa l ly ,
approximate ly  1 .1  b i l l ion  adu l t s  a re  over
weight, out of which 312 million adults are
cl inical ly  obese.  Recent  Nat ional  Heal th &
Family Survey (NHFS) III (2005–2006) have
observed  an  increase  in  the  preva lence  of
over weight and obesity in the age group of
18–45  years  f rom to ta l  average  of  10 .6%
(1998–99) to 14.4% (2005–06) (1, 2).

Obes i ty  i s  assoc ia ted  wi th  a  var ie ty
of  medica l  d i sorders  inc lud ing  the
lesse r  known but  no t  l ess  impor tan t
respiratory complications viz. ,  airway hyper
respons iveness ,  hypovent i l a t ion  syndrome
and asthma,  which can best  be appreciated
by  unders tand ing  the  obese  resp i ra to ry
physiology (3,4).

Adipose tissue although serves as caloric
depots are less metabolic active and muscle
work must be performed to move the obese
body  thereby  impos ing  h igher  metabol ic
demands.  The same can be ref lected by an
increased oxygen consumption and increased
produc t ion  of  ca rbon  d iox ide  in  obese
persons  bo th  a t  res t  and  dur ing  exerc i se ,
compromising the cardio respiratory system
(5, 6).

There  a re  s ign i f ican t  d i f fe rences  in
resul ts  of  pulmonary studies  carr ied out  in
wes te rn  wor ld  and  As ian  sub-cont inen t
because  of  s ign i f ican t  d i f fe rences  in
anthropometr ic  parameters  and d is t r ibut ion
of fat between Asian and western population.
Severa l  As ian  s tud ies  have  asse r ted  the
assoc ia t ion  of  resp i ra tory  compromise

wi th  obes i ty  in  people  wi th  a  lower  BMI
(operat ional  def ini t ion of  obesi ty  based on
the  an thropomet r ic  parameters ) .  Therefore
the  s tandards  based on the  Europeans  may
not  ind ica te  morbid i ty  in  the  Asian  group
and the values in western population cannot
be directly used as predictors for the ethnic
Asian origin population (7–10).

The  knowledge  in  th i s  f i e ld  remains
largely incomplete and falls short of making
a  def in i t ive  v iew in  th i s  regard .  In  above
contex t  and  pauc i ty  o f  such  s tudy  in  the
newly formed state of Uttrakhand, India the
study was planned to assess the pulmonary
funct ion tes t  in  obese  young adul ts ,  to  be
conducted at  the department of  Physiology,
Himalayan  ins t i tu te  o f  medica l  sc iences ,
D e h r a d u n .

METHODS

Eighty healthy volunteers from both the
sexes of the age group of 20–40 years were
studied during the period of  one year.  The
study group was randomly selected from the
employees of Himalayan institute of medical
sc iences  and communi ty  dwel lers  f rom the
surrounding area of Bhaniyawala, Dehradun.
Consider ing the  object ive  of  the  s tudy the
selection was done observing the fol lowing
cr i t e r i a–

• Age between 20–40 years.

• Physical ly and mental ly f i t .

• Cooperative and capable of understanding
the  procedure .

• Not suffering from anyknown respiratory
and medical  problems.
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• No acute respiratory il lness at the point
of  entry.

• Non smoker .

Af te r  due  consen t  the  vo lun teers  were
in te r roga ted  fo r  the  inc lus ion  c r i t e r ia
fo l lowing  s t r i c t  de ta i l ed  h i s to ry  wi th
assessment of pulse rate and blood pressure
record ing  as  per  the  Subjec t  Per forma.  I t
included the detailed medical history, family
his tory and personal  his tory.

The  vo lun teers  were  asked  to  avo id
beverages  l ike  t ea  and  cof fee  and  o ther
s t imulan ts  wi th  l igh t  b reakfas t  before
repor t ing  a t  the  depar tment  o f  phys io logy
HIMS in  the  fo renoon  to  avo id  d iurna l
var ia t ion  in  resp i ra to ry  paramete rs .  They
were  br ie fed  and  fami l ia r ized  wi th  the
procedure to remove apprehension regarding
the test .  Self  demonstration of the required
tests was done to help them get conversant
wi th  the  procedure .

The subjects were enquired for any acute
resp i ra to ry  prob lem and  sub jec ted  to
an thropomet ry  a t  the  po in t  o f  en t ry  us ing
the s tandard procedures  and instruments  as
per the study protocol .

• Age  was  recorded  f rom b i r thday  by
ca lendar  to  the  neares t  o f  year  (<6
months  and >6  months) .

• S tand ing  he igh t  was  recorded  wi thout
shoes  and  wi th  l igh t  c lo ths  on  a  wal l
mounted  measur ing  tape  to  the  neares t
of centimeters.  (<5 mm and >5 mm).

• Weight  was recorded without  shoes and
wi th  l igh t  c lo ths  on  a  Krups  weigh ing
machine with a least count of 100 grams.

• Body mass index was calculated by the
formula of weight (in kg) and height (in
meters ) .  BMI =  Weight  (kg) / (he ight  in
m e t e r ) 2.

Pulmonary funct ion tes t  was done by a
computerized spirometer (Spiro lab II) .  The
volunteers  were asked to  take a  res t  for  5
min  –10  min  and  were  br ie fed  wi th  the
technique of Forced vital capacity maneuver,
wi th  the  emphas i s  on  the  maximum
inhalation followed by maximum exhalation
(to be sustained until asked to inhale again).
During the whole test  procedure they were
asked not to allow air  to leak from around
the  mouth  p iece .  The  tes t  was  car r ied  out
in  a  pr ivate  and quiet  room, in  a  s tanding
position with the nose clip held in position
on the nose. The Flow, Volume/timed graphs
were taken out in accordance to the criteria
based on the American Thoracic Society (10)
and best of the three acceptable curves was
se lec ted  as  the  record ing .  The  graphs  and
va lues  ob ta ined  were  p r in ted  by  the
sp i rometer  and  parameters  were  no ted  for
ana lys i s .  Sp i rometer ic  parameters  which
were recorded for  analysis  were –

• FVC Forced  Vi ta l  capac i ty  in
L i t e r s

• FEV1 Forced expiratory volume in
1st  second in Liters

• FEV1/FVC Rat io  o f  Forced  exp i ra to ry
volume and  forced  v i ta l
capaci ty  in  Percentage

Stat i s t i ca l  ana lys i s :

Tes t  and  cont ro l  g roups  were  made
according to  the  WHO cr i ter ia  for  re la t ive
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obesity parameter BMI. A BMI of >/= 30 was
taken as  obese  cases  and BMI < 30 as  non
obese controls (3).

The  da ta  were  compared  us ing  the
student’s “t” test at the 95% confidence limit.
The  fo l lowing  compar i sons  were  done :
Var ious  parameters  of  Pulmonary  Funct ion
Tes t s  in  con t ro l  and  tes t  g roup  were
compared  wi th  independent  sample
compar i son  method  a f te r  s t ra t i fy ing  the
age  in  bo th  the  genders .  S imple  l inear
cor re la t ion  was  car r ied  ou t  to  explore  the
re la t ionsh ip  be tween  dynamic  pu lmonary
function tests and BMI. It  was followed by
Stepwise regression analysis to see the Beta
va lue  and  i t s  s ign i f icance  be tween  the
respiratory var iables  and BMI.

RESULTS

The mean body mass  index  of  the  tes t
group was 33.28±3.39 in males and 33.15±2.73
in females.  I t  was significantly higher than
the  con t ro l s  wi th  va lues  o f  24 .48±1.98  in
males and 25.58±3.38 in females within the
same age group.

No significant differences in age or height
were  found  among the  var ious  groups
s tud ied ,  ind ica t ing  tha t  the  samples  were
homogeneous  in  th i s  respec t .  However ,  as
expec ted ,  weigh t ,  BMI were  s ign i f ican t ly
d i f fe ren t  be tween  obese  and  non-obese
groups  (Tables  I  and  I I ) .  There  were  no
stat is t ical ly  s ignif icant  dif ferences  between
non-obese  and  obese  males  when  we
compared  FVC,  FEV1 and  FEV1% va lues
(Table  I ) .  Obese  females  p resen ted
s ign i f ican t ly  lower  FVC and  FEV1 va lues
than did non-obese females (Table II).

TABLE I : Anth ropomet r i c  da ta ,  body  mass  index ,
wa i s t  c i r cumference ,  and  pu lmonary
func t ion  va lues  in  obese  and  non-obese
m a l e s .

Variable Non-obese Obese P value

Age (years) 30.80± 6.19 29.4± 6.50 N S
Height (m) 1.66± 0.09 1.70± 6.97 N S
Weight (kg) 68.05± 10.04 96.35± 6.97 <0.05
BMI (kg/m2) 24.48± 1.98 33.28± 3.39 <0.05

FVC (L) 3.75± 0.28 3.55± 0.36 N S
FEV1 (L) 3.37± 0.25 3.80± 0.35 N S

FVC/FEV1% 89.63± 2 . 6 8 89 .50± 2 . 4 7 N S

BMI :  body mass  index;  FEV1:  forced expira tory
volume in one second; FVC: forced vital capacity;
FEV1/FVC:  ra t io  o f  FEV1 to  FVC;  NS:  no t
signif icant ,  *Signif icance set  at  P<0.05;  variables
expressed  in  means  and  s t andard  dev ia t ions .

TABLE I I : Anthropomet r i c  da ta ,  body  mass  index ,
wa i s t  c i r cumference ,  and  pu lmonary
func t ion  va lues  in  obese  and  non-obese
f e m a l e s .

Variable Non-obese Obese P value

Age (years) 28.05± 5.59 29.65± 6.63 N S
Height (m) 1.55± 0.04 1.54± 0.03 N S
Weight (kg) 54.10±8.18 78.65± 7.08 <0.05
BMI (kg/m2) 22.58± 3.38 33.15± 2.73 <0.05

FVC (L) 3.19± 0.26 2.89± 0.29 <0.05
FEV1 (L) 2.88± 0.25 2.59± 0.25 <0.05

FVC/FEV1% 90.34± 3 . 9 4 89 .73± 2 . 5 5 N S

BMI :  body mass  index;  FEV1:  forced expira tory
volume in one second; FVC: forced vital capacity;
FEV1/FVC:  ra t io  o f  FEV1 to  FVC;  NS:  no t
signif icant ,  *Signif icance set  at  P<0.05;  variables
expressed  in  means  and  s t andard  dev ia t ions .

Correla t ion bi-var ia te  analysis  in  males
and females, showed a negative correlations
between BMI and FVC and FEV1 (Table III).
These  cor re la t ions  were  s ta t i s t i ca l ly
significant only in females (Figs.  1 and 2).
S tep  Wise  regress ion  ana lys i s  (Table  IV)
showed significant standardized Beta values
in both males and females. The significance
value in males could be because of the partial
cor re la t ion  be ing  s ign i f ican t  fo r  BMI and
variables FVC and FEV1.
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TABLE I I I : Cor re la t ion  be tween  body  mass  index
and  sp i romet r i c  va lues  in  males  and
f e m a l e s .

Variable pair correlation P value

BMI vs. FVC (negative) N S
Males

BMI vs. FEV1 (negative) N S

BMI vs. FVC (negative) <0.05*
Females

BMI vs. FEV1 (negative) <0.05*

BMI : body mass index; WC: waist  circumference;
NS:  no t  s ign i f i can t  FEV1:  fo rced  exp i ra to ry
vo lume  in  one  second ;  FVC:  ( fo rced  v i t a l
capac i ty ) ,  *S ign i f i cance  se t  a t  P<0 .05 ;  nega t ive
sign;  the higher  the BMI,  the lower the value of
the  va r i ab le  under  s tudy .

TABLE IV : Resu l t s  o f  s tep  wise  regress ion  ana lys i s
of variables FVC, FEV1 on BMI, in male
and  females  in  age  g roup  20–40  yea r s
( y = Cons tan t + Be ta  X) .

Standardized beta coefficient

Gender
on BMI (significance*)

F V C F E V 1

Males (n=40) –0.391 (0.007)* –0.340 (0.019)*
Females (n=40) –0 .376  (0.017)* –0.359  (0.023)*

*Sign i f i cance  se t  a t  P<0 .05 .

Fig .  1 : Scatter  plot  showing l inear relationship and
negative correlation of forced vital capacity and
body mass index in females (20–40 yrs) (n=40).

decreasing pat tern beyond 30 years of  age,
however the decrease was more in the obese
ind iv idua ls  than  in  non  obese  in  bo th  the
sexes.  Obese females showed a stat ist ical ly
significant decrease in the values of FVC and
FEV1 in the age group of  30 to  40 years .
FEV1/FVC did not show a reduction in both
the decade of l ife in both the genders.

DISCUSSION

Among the  ind iv idua ls  suf fe r ing  f rom
obesity, no significant alterations were seen
in  males ,  a l though  females  p resen ted
s ign i f ican t  decreases  in  FVC and  FEV1
(Tables I and II).  This can be explained by
the fact that, obesity aside; women have less
resp i ra to ry  musc le  s t reng th  and  there fore
produce lower dynamic compression (12). The
hyperven t i l a t ion  caused  by  the  e f fec t  o f
proges te rone  on  the  bu lbar  resp i ra to ry
neurons ,  a i rways ,  and d iaphragm may a lso
expla in  these  a l tera t ions  (13) .  Obesi ty  and
pregnancy are  common causes  for  reduced
FVC since they may interfere with diaphragm
movement and chest wall excursion (14). In
1998 ,  Sahebjami  (15)  s tud ied  pu lmonary
func t ion  in  8  hea l thy  obese  males  and
reported spirometric values similar to those

Age  wise  d i s t r ibu t ion  of  dynamic
pulmonary function tests in the controls and
s tud ied  group  showed a  s imi la r  normal

Fig .  2 : Sca t t e r  p lo t  showing  l inea r  r e l a t ionsh ip  and
nega t ive  co r re la t ion  o f  fo rced  exp i ra to ry
vo lume  in  1s t  second  and  body  mass  index
(kg /m 2)  in  f emales  (20–40  y r s )  (n=40) .
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found  in  the  p resen t  s tudy ,  a l though  the
subjects studied were in a higher age bracket
than  presen t  s tudy  and  presen ted  s l igh t ly
lower BMIs.

Abnormalities in the pulmonary functions
of obese individuals have been described for
more than 40 years; however there has been
considerable variation in the reported degree
of alteration, and no definite correlation with
body weight  or  BMI has  been shown (16) .
There  a re  two types  o f  a l t e ra t ions  in
respi ra tory  funct ion  most  f requent ly  found
in obesi ty:  changes proport ional  to  obesi ty
( reduced  ERV and  increased  d i f fus ion
capaci ty)  and al terat ions exclusive to class
III obesity (reduced vital capacity and lower
to ta l  lung  capac i ty ) .  Al though  vo lume
res t r i c t ion  i s  modera te  in  obes i ty ,  v i t a l
capacity is inversely proportional to BMI (16–
21).  Among the obese males,  no significant
difference was seen in the FVC (3.55L±0.36)
as compared to non obese FVC (3.75±0.28),
however the values were lower in the obese
subjects .Similar  results  were seen by Zeid
e t  a l  in  the i r  s tudy  on  Braz i l i an  sub jec t s
were  the  mean  FVC va lue  in  obese  was
(5.08±0.59) as compared to (5.14±0.69) in non
obese subjects (22). The lower values of the
FVC in both the groups in current study as
compared to other studies may be attributed
to the smaller size of the chest and shorter
bui l t  of  Indian subjects .  S tudy by Lazarus
on cohort of men (age 21 to 80 years) found
that BMI was negatively associated with FVC
but only between the age of 40 and 69 years
(P<0.01). Lower but significant values of FVC
and FEV1 was found in the present study in
females. Similar finding were drawn by Zeid
e t  a l  in  the i r  s tudy  wi th  the  FVC va lues
(mean±SD) in non obese as (3.70±0.52) which
was  s ign i f ican t ly  (P<0 .05)  h igher  than  in

obese females (3.36±0.56) (22). However, in
non-obese  ind iv idua l s ,  v i t a l  capac i ty  i s
directly proportional to BMI. Consequently,
the relat ionship between vi ta l  capaci ty  and
BMI (or  body weight)  in  large populat ions
presents an initial increase and a subsequent
decrease due to the fact  that  determination
of  BMI does  no t  t ake  in to  account  fa t
d i s t r ibu t ion  wi th in  the  o rgan ism (22) .  We
detected a directly proportional relationship
between FVC and BMI in non-obese males
and  females  (con t ro l  g roup)  in  our  s tudy ,
which confirms the data reported by Lazarus
et al. (23).

In  the  p resen t  s tudy ,  no  s ign i f ican t
cor re la t ions  were  found  be tween  BMI and
the  fo l lowing  sp i romet r ic  va lues  in  male
gender: FVC, FEV1, and FEV1/FVC but FVC
and FEV1 showed a  s igni f icant ly  negat ive
cor re la t ion  to  BMI in  females .  Var ious
s tud ies  have  shown a l te red  pu lmonary
function in individuals with obesity. However,
there have been few studies involving obese
individuals with lower BMI (24–26). In 1978,
Schoenberg et  al  (24) reported that ,  due to
the  re la ted  increase  in  musc le  s t reng th ,
pu lmonary  func t ion  in i t i a l ly  increases
in  para l le l  wi th  weigh t  ga in ,  a l though
subsequent impairment of chest wall mobility
resu l t s  in  reduced  pu lmonary  func t ion .
Al though  severa l  s tud ies  have  shown tha t
body weight may affect pulmonary function,
these data are still in question (24, 25, 27).
Due  to  th i s  musc le  e f fec t ,  h igher  BMI in
young indiv iduals  may be  accompanied  by
an  increase  in  pu lmonary  func t ion .  In
elderly people,  however,  due to greater  fat
deposition, increased BMI is associated with
decreased pulmonary function. Consequently,
the  overa l l  impac t  o f  BMI on  pu lmonary
func t ion  in  popula t ion  s tud ies  may  be
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reduced (27). Most authors agree that weight
does  no t  in f luence  sp i romet r ic  resu l t s ,  o r
tha t  i t  does  so  on ly  in  cases  o f  ex t reme
obesity. However, whether weight should be
included or not depends on the characteristics
of  each  spec i f ic  popula t ion  (24) .  In  the
presen t  s tudy ,  we  observed  tha t  inc reased
BMI did  not  impair  pulmonary funct ion in
males or  females with obesi ty.

C o n c l u s i o n

The  i so la ted  e f fec t s  o f  obes i ty
unassoc ia ted  wi th  o ther  d i seases  mus t  be
identif ied and the analysis  of  those effects
should be s t ra t i f ied so that  obesi ty  re la ted
respiratory dysfunction may be evaluated in
de ta i l .  Th is  aspec t  i s  ex t remely  impor tan t

due to the currently elevated prevalence of
obes i ty  and  resp i ra to ry  d i sease  in  our
society. Although the findings of the present
s tudy were  inconclus ive ,  they sugges t  tha t
ind iv idua ls  wi th  obes i ty  and  presen t ing
greater  morbidi ty  may be more suscept ible
to alterations in respiratory function due to
lower expiratory reserve.  The abnormali t ies
found  in  the  sp i romet r ic  eva lua t ion  of
individuals  with obesi ty  must  be at t r ibuted
to  resp i ra to ry  d i sease  and  concomi tan t
obes i ty .
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