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Abstract  :  Obes i ty  i s  a  g loba l  hea l th  haza rd  and  has  been  l inked  to
numerous metabolic complications such as dyslipidemia, type II diabetes, &
card io  vascu la r  d i seases  and  i s  nega t ive ly  assoc ia ted  to  the  pu lmonary
function. The mechanism for this association is stil l  debated and the best
marker of adiposity in relation to dynamic pulmonary function is still  not
clear. We assessed the association of respiratory parameters and body mass
index (BMI), waist circumference (WC) and Waist Hip ratio (WHR) as the
markers of relative and abdominal obesity adiposity respectively. Step wise
linear regression analysis was used to find out the association of FVC and
FEV1 (performed in standing) with over all and adiposity markers stratified
by gender and adjusted to height and age. A random sample of volunteers
(n=80)  f rom genera l  popu la t ion  in  and  a round  Dehradun ,  Ind ia  o f  age
group 20-40 years. In women the WC shows a higher negative association
to respiratory parameters FVC and FEV1 {B (P value), R2 as – 0.381(0.017),
0.122 and – 0.373(0.019), 0.139} while all the adiposity markers showed a
nega t ive  s ign i f i can t  assoc ia t ion .  In  men  WC showed h igh ly  s ign i f i can t
nega t ive  as soc ia t ion  wi th  FVC and  FEV1 {Be ta  (P  va lue ) ,  R 2 a s  –
0.502(0.001) ,  0 .232 and – 0.428(0.006) ,  0 .184} with higher  R2 values as
compared  to  o the r  ad ipos i ty  pa ramete r s .  The  resu l t  sugges ted  tha t  the
abdominal obesity marker is an important and better predictor of pulmonary
function than BMI and the invest igators  suggest  the inclusion of  i t  as  a
po ten t i a l  confound ing  fac to r  when  inves t iga t ing  the  de te rminan t s  o f
pulmonary  func t ion .
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INTRODUCTION

It is  globally accepted that  obesity is  a

hea l th  hazard  because  of  i t s  s t rong
assoc ia t ion  wi th  numerous  metabol ic
compl ica t ions  l ike  dys l ip idemia ,  d iabe tes
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persons  and  for  men  than  for  overweight
persons and for  women.

Abdominal  adiposity markers l ike Waist
Hip  Rat io  (WHR) and  WC may inf luence
pulmonary  func t ion  th rough  a  mechanism
tha t  may  res t r i c t  the  descen t  o f  the
d iaphragm and  l imi t  lung  expans ion ,
compared  to  overa l l  ad ipos i ty ,  which  may
compress the chest wall. (11) Clinical studies
have evaluated the relation of WHR (23) and
WC (24–28), to poor respiratory functions in
both mildly obese (19) and morbidly obese
(11) persons.

Phys ic ians  a re  o f ten  perp lexed  by
remarkable heterogeneity of  disease pat tern
in obese patients. Therefore defining obesity
at which disease outcome is more l ikely to
occur  i s  re levan t  to  pa t ien t  ca re  and
t r e a t m e n t .

Inves t iga tors  have  proposed  tha t
abdominal adiposity is a better indicator of
v i scera l  fa t  ( the  metabol ica l ly  ac t ive  fa t
depot) which has been implicated for various
metabolic syndromes (28–30). In this study,
we investigate the predictability of total body
adiposity and abdominal adiposity with FEV1
and FVC in non obese and obese young adults
of  reg ion  of  Dehardun .  Ut t rakhand ,  Ind ia .
In particular, we hypothesized that a greater
accumulation of abdominal fat  is associated
with lower levels of FEV1 and FVC, and that
abdomina l  fa tness  i s  a  be t te r  p red ic tor  o f
reduced pulmonary function than total  body
adiposi ty.

MATERIALS AND METHODS

80 hea l thy  vo lun teers  f rom both  the
sexes of the age group of 20 -40 years were
s tud ied .  The  s tudy  group  was  randomly
selected f rom the  employees  of  Himalayan
Institute of Medical Sciences and Community

mel l i tus ,  hyper tens ion ,  ca rd io  vascu la r
acc iden ts  (1 ) .  Severa l  s tud ies  have
established obesity as being associated with
respiratory complications such as obstructive
sleep apnoea (2) and obesity hypoventilation
syndrome (3), asthma both in child and adults
(4, 5) and is believed to reduce lung volumes.
Poor  respi ra tory  funct ion  predic ts  over  a l l
mortality as well as death due to pulmonary
diseases (7,  8)  cardio vascular  diseases (9)
and stroke (10).  This relat ion could simply
reflect the effect of smoking (11), but obesity
i s  a l so  assoc ia ted  wi th  morb id i ty  and
mortali ty (12).

A number  o f  s tud ies  have  repor ted  an
inverse relat ion between various indices of
obes i ty  o r  fa t  d i s t r ibu t ion  and  resp i ra to ry
function. These indices include measures of
overa l l  ad ipos i ty ,  such  as  weigh t  o r  body
mass index (weight (kg)/height (m2) (13–17),
and  measures  o f  fa t  d i s t r ibu t ion ,  such  as
wais t  c i rcumference (WC) (15) ,  percentage
of fat mass (18), and skin fold thickness (18,
19). Differential fat distribution among males
and females  tends  to  af fec t  the  pulmonary
functions (20,  21).  Asians having increased
tendency to  abdominal  adiposi ty  may show
different pattern of regional variability. Most
previous reports have used body mass index
(BMI) or one of its variations as the measure
of overall obesity. This well-known index has
much to recommend it (22) for epidemiologic
purposes ,  unfor tuna te ly ,  i t  g ives  no
indication of fat distribution. Also the height
and weight  which are surrogate measure of
Body size are also predictors of pulmonary
func t ion  tes t  measurements .  Gender
difference in the accumulation of fat “apple
vs pear” shaped may also affect the relation
of  the  ad ipos i ty  markers  wi th  pu lmonary
functions. A unit of body weight and BMI is
likely to have less fat mass for under weight
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• 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)/ (height  in
m2) (29).

• Wais t  c i rcumference  measurement  i s
done  wi th  min imal ,  adequa te  c lo th ing
(l ight  c loths)  with feet  25–30 cm apart
and  weigh t  equa l ly  ba lanced  wi th  a
ta i lo r ’ s  measur ing  tape  in  a  p lane
perpendicu la r  to  the  long  body  ax is
a t  the  l eve l  o f  umbi l icus  wi thout
compression of the skin with nearest  to
0.1 cm (WC>/=90 cm in men and >/=80
cm in women) were defined as abdominal
obes i ty  us ing  WHO Asia  Pac i f ic
prospective guidelines (30).

• Hip circumference measurement  is  done
wi th  min imal ,  adequa te  c lo th ing  ( l igh t
cloths) across the greater trochanter with
legs  and  fee t  toge ther  by  a  measur ing
tape without  compressing the skin fold.

• Wais t -hip  ra t io  is  the  ra t io  of  WC and
HC is  calculated and is  the measure of
central  pattern of fat  distr ibution.  (>0.9
for male and >0.8 for females) (30).

2 . Respiratory Parameters :

Pulmonary funct ion tes ts  were  done by
a  computer ized  sp i rometer  (Sp i ro  l ab  I I ) .
After rest for 5–10 min and briefing to the
technique FVC (maximum inhalation followed

dwel le r s  f rom the  sur rounding  a rea  o f
Bhaniyawala ,  Dehradun .  Cons ider ing  the
objective of the study the selection was done
observing the following inclusion cri teria :

• Age between 20 - 40years.

• Physical ly and mental ly f i t .

• Cooperative and capable of understanding
the  procedure .

• Not suffering from any known respiratory
and medical  problems.

• No acute respiratory il lness at the point
of  entry.

• N o n - s m o k e r .

Fo l lowing  approva l  o f  the  e th ica l
committee and due consent of the volunteers,
the  sub jec t s  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
history including the detailed medical, family
and personal  history along with assessment
of  res t ing  pu lse  ra te  and  b lood  pressure
recording as  per  the subject  proforma.

The  vo lun teers  were  asked  to  avo id
beverages  l ike  t ea ,  cof fee  and  o ther
stimulants and to report with light breakfast
at  the department  of  physiology,  HIMS, in
the  fo renoon  to  avo id  d iurna l  var ia t ions .
They were briefed and familiarized with the
procedure  and  se l f  demons t ra t ion  of  the
requi red  tes t s  was  done  to  he lp  them ge t
conversant  wi th  the  procedure .

Study  protoco l

1 . Anthropometry :

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  ins t ruments .
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by maximum exhala t ion  & to  be  sus ta ined
unt i l  a sked  to  inha le  aga in) ,  the  t es t  was
carried out in a private and quiet  room, in
a standing posit ion with the nose cl ip held
in posit ion on the nose.  The flow, volume/
t imed graphs were taken out  in  accordance
to  the  c r i t e r ia  based  on  the  Amer ican
Thoracic Society (31) and best of the three
accep tab le  curves  was  se lec ted  as  the
recording.  Spirometeric parameters recorded
for  analysis  were :

• FVC : Forced Vital capacity (L/sec)

• FEV1 : Forced expiratory volume in 1st
sec (L/sec)

Stat i s t i ca l  ana lys i s

Statist ical  analysis  was performed using
the  windows  SPDD 10  vers ion .  Tes t  and
control  groups were made according to the
WHO criteria for relative obesity parameter
BMI with an obese subjects (BMI of >/= 30)
to non-obese subjects (BMI<30) among both
the  males  and  females .  Trends  of  the
resp i ra to ry  paramete rs  were  a l so  ana lyzed
by  s t ra t i fy ing  the  da ta  by  WC and  WHR.
In i t i a l  ana lys i s  was  done  by  prepar ing  a
Pearson  cor re la t ion  mat r ix  to  assess  the
relat ionship between the indices  of  obesi ty
and the selected respiratory markers. Partial
correlation between the significantly related
variables was than examined controlling for

the  age ,  he igh t  which  themse lves  may
influence pulmonary function measurements.
Regression model was created with the most
predictable parameter  of  obesi ty using step
wise  ana lys i s .  We def ined  a  s t ronger
assoc ia t ion  as  one  tha t  y ie lded  a  lower  P
value based on the measurement  propert ies
( i . e .  l e ss  var iab i l i ty  and  or /h igher
coefficients) of the variables.

RESULTS

Table  I  i l lus t ra tes  the  anthropomorphic
parameters  in  males  and  females  wi th
both  the  genders  showing  no  s ign i f ican t
d i f fe rences  be tween  obese  and  non  obese
subjects when age and height were compared
sugges t ing  tha t  the  popula t ion  s tud ied  i s
homogenous  in  na ture .  As  expec ted  the
weight  and adiposi ty  parameters  l ike  BMI,
WC and  WHR were  s ign i f ican t ly  d i f fe ren t
among control  and obese groups.

Table  I I  shows  the  t rend  of  the
pulmonary  func t ions  by  the  ad ipos i ty
markers BMI, WC & WHR both in men and
women.  There  were  s igni f icant  lower  FVC
and FEV1 measurements  in  obese  females
as compared to the male .In males an inverse
t rend  in  the  pu lmonary  parameters  was
observed and the trend was significant except
when stratified with BMI. The WC showed a

TABLE I : Anthropomet r i c  da ta ,  body  mass  index ,  wa i s t  c i r cumference ,
& wais t -h ip  ra t io  in  obese  and  non-obese  vo lun tee r s  (n=80) .

Males (n=40) Females (n=40)

Variable Non-obese obese P Value Non obese Obese P value

Age  (yea r ) 30 .80± 6 . 1 9 2 9 . 4± 6 . 5 0 N S 28 .05± 5 . 5 9 29 .65± 6 . 6 3 N S
Heigh t  (m) 1 . 6 6± 0 . 0 9 1 . 7 0± 6 . 9 7 N S 1 . 5 5± 0 . 0 4 1 . 5 4± 0 . 0 3 N S
Weigh t  (kg) 68 .05± 10 .04 96 .35± 6 .97* <0 .05 54 .10± 8 . 1 8 78 .65± 7 .08* <0 .05
BMI (Kg/m 2) 24 .48± 1 . 9 8 33 .28± 3 .39* <0 .05 22 .58± 3 . 3 8 33 .15± 2 .73* <0 .05
W H R 0 . 9 3± 0 . 0 7 1± 0 .09* <0 .05 71 .16± 13 .41 104 .74± 10 .23* <0 .05
WC (cm) 96 .92± 14 .17 115 .93± 11 .63* <0 .05 0 . 8 1± 0 . 0 6 0 . 9 0± 0 .06* <0 .05

BMI:  body  mass  index ;  WC:  wa i s t  c i r cumference ;  WHR:  wa i s t  h ip  r a t io ;  NS:  no t  s ign i f i can t ;  Va lues
expressed  a re  mean±SD.
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composed of multiple measures of adiposity
markers  showed a  s ign i f ican t  inverse
relationship with both the FVC and FEV1 in
males and females. WHR and BMI although
showed a  l ess  than  s ign i f ican t  cor re la t ion
with  FEV1.  Table  I I I  and IV show par t ia l
cor re la t ion  coef f ic ien t  among obes i ty

highly significant decreased in the FVC and
FEV1 values among obese females. However
the  WHR showing  the  h ighes t  d i f fe rence
be tween  the  pu lmonary  parameters  among
non obese and obese subjects among males.

Pearson’s  par t i a l  cor re la t ion  mat r ix

TABLE II : Trends  o f  sp i romet r i c  va lues  FVC and  FEV
1
 by  ad ipos i ty  marke r s .

Males  (n=40) Adipos i t y  Markers Non  obese Obese P  Value

FVC (L/s) BMI (Kg/m 2) 3 . 7 5± 0 . 2 8 3 . 5 5± 0 . 3 6 N S
WC (cm) 3 . 8 4± 0 . 1 1 3 . 5 9± 0 . 3 4 0 .022
W H R 3 . 7 5± 0 . 3 0 3 .154± 0 . 3 0 0 .009

F E V 1 ( L / s ) BMI (Kg/m 2) 3 . 3 7± 0 . 2 5 3 . 8 0± 0 . 3 5 N S
WC (cm) 3 . 4 2± 0 .092 3 . 2 3± 0 . 3 3 0 .058
W H R 3 . 3 5± 0 .272 3 .171± 0 . 3 2 0 .030

F e m a l e s ( n = 4 0 )
FVC(L/s ) BMI (Kg/m 2) 3 . 1 9± 0 . 2 6 2 . 8 9± 0 . 2 9 <0 .05

WC (cm) 3 . 1 8± 0 . 2 6 2 . 9 3± 0 . 2 8 0 .004
W H R 3 . 2 6± 0 . 2 7 2 . 9 7± 0 . 2 8 0 .0048

F E V 1 ( L / s ) BMI (Kg/m 2) 2 . 8 8± 0 . 2 5 2 . 5 9± 0 . 2 5 <0 .05
WC (cm) 2 . 8 5± 0 . 2 6 2 . 6 4± 0 . 2 6 0 .008
W H R 3 . 2 6± 0 . 2 5 2 . 6 7± 0 . 2 7 0 .010

FVC: Forced Vital  Capaci ty,  FEV1: Forced Expiratory Volume in 1 st sec;  NS: not  s ignif icant ;  *  p < 0.05;
Va lues  expressed  a re  mean±SD.

TABLE II I : Cor re la t ion  coef f i c i en t  among  obes i ty  and  sp i romet r i c
va lues  ad jus ted  fo r  age  and  he igh t  in  ma les  (n=40) .

Weigh t  ( kg) BMI  (Kg/m 2) WC (cm) W H R FVC (L / s ) FEV1 (L / s )

Weigh t  (Kg) 1 0 . 9 9 7 ^ 0 . 8 4 5 ^ 0 .483*** –0 .475*** –0 .417**
BMI (Kg/m 2) 1 0 .825*** 0 . 4 4 6 * * – 0 . 4 5 5 * * –0 .401**
WC (cm) 1 0 .655*** –0 .543*** –0 .432**
W H R 1 – 0 . 3 8 9 * * – 0 . 2 9 6 *
FVC (L/s) 1 0 .944***
FEV1 (L/s ) 1

^P<0.000 ,  ***P<0.001 ,  **P<0.01 ,  *P< 0 .05 .

TABLE IV : Cor re la t ion  coe f f i c i en t  among  obes i ty  and  sp i romet r i c
va lues  ad jus ted  fo r  age  and  he igh t  in  f emales  (n=40) .

Weight (kg) BMI (Kg/m2) WC (cm) W H R FVC (L/s) FEV1 (L/s)

Weigh t  (Kg) 1 0 . 9 9 9 ^ 0 . 8 5 4 ^ 0 .484*** –0 .343** – 0 . 3 2 8 *
BMI(  Kg/m 2) 1 0 . 8 5 6 ^ 0 .486*** –0 .351** – 0 . 3 3 7 *
W C ( c m ) 1 0 . 6 1 9 ^ – 0 . 2 8 1 * – 0 . 2 7 2 *
W H R 1 – 0 . 3 * – 0 . 2 3 4
FVC (L/s) 1 0 . 9 2 5 * *
F E V 1 ( L / s ) 1

^P<.000 ,  ***P<0 .001 ,  **P<0 .01 ,  *P<0 .05 .
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TABLE V : Regress ion  coef f i c i en t  fo r  ad ipos i ty  marker  wi th  sp i romet ry
va lues  FEV1,  & FVC,  fo r  a l l  sub jec t s  (n=80) .

V a r i a b l e s F V C ( L / s ) F E V 1 ( L / s )

Women (n=40) Beta  (P  va lue) R 2 Beta  (P  va lue) R 2

W C –0.381 (0 .017 ) 0 .122 –0 .373 (0 .019 ) 0 .139

Males  (n=40)
W C –0.502 (0 .001 ) 0 .232 –0 .428 (0 .006 ) 0 .184

The relat ionship of pulmonary function and
overall weight is a more complex issue. The
inverse  assoc ia t ion  found  wi th  ad ipos i ty
markers  may  be  par t i a l ly  exp la ined  by
changes  in  the  age  and  he igh t .  Trends  of
pulmonary function stratified with abdominal
adiposity markers as well as the association
of  abdomina l  ad ipos i ty  and  pu lmonary
func t ion  ad jus ted  for  age  and  he igh t ,
sugges t s  tha t  abdomina l  ad ipos i ty  markers
are strongly negative associated with FEV1
and  FVC,  and  suppor t  the  hypothes i s  tha t
abdominal  adiposi ty markers  ( ie ,  WHR and
waist circumference) have better explanatory
power than total body adiposity measured as
BMI according to  the  p  value  s ignif icance
and the coefficient values (28).  The results
of this study are particularly noteworthy in
tha t  WC,  which  i s  a  spec i f ic  marker  fo r
v i scera l  ad ipos i ty ,  exp la ined  the  g rea tes t
amount  of  var iance  in  pu lmonary  func t ion
among al l  of  the adiposi ty markers.

Viscera l  ad ipose  t i s sue  in f luences
circulating concentrations of interleukin-(32)
and  cy tok ines  tha t  may  ac t  v ia  sys temic
inflammation to negatively affect pulmonary
func t ion .  (33 ,  34)  WC may there fore
nega t ive ly  impac t  pu lmonary  func t ion  v ia
the  ac t ion  of  insu l in  res i s tance .  Other
Inves t iga tors  have  repor ted  an  inverse
assoc ia t ion  of  se rum lep t in  concen t ra t ion
wi th  FEV1 as  wel l  as  wi th  h igher  l eve l s
of  C- reac t ive  p ro te in ,  l eukocytes ,  and
f ibr inogens ,  which  a re  o ther  markers  o f

parameters  and  Spi romet r ic  var iab les
ad jus ted  to  age  and  he igh t  showed s t rong
association in males and females.  Pearson’s
cor re la t ion  wi th  mul t ip le  measures  o f
adiposi ty  markers  WC and WHR showed a
significant inverse relationship with both the
FVC and  FEV1,  in  bo th  the  males  and
females .  WHR and  the  BMI showed an
inverse less than significant correlation with
FEV1. WC showed the strongest correlation
with both the dynamic parameters FVC and
FEV1compared  to  o ther  parameters .

In  a l l  the  WC showed the  s t ronges t
correlation with both the dynamic respiratory
parameters. The most sensitive indicator was
analyzed for general population by step-wise
regression analysis.  The model showed only
WC as  l inear ly  cor re la ted  wi thout  o ther
covar ia tes .  Tab le  V shows  the  Be ta
coefficient and significance and R2 values for
the parameter which are more significant in
case of male (higher P value and R2) than in
fema les .

DISCUSSION

We investigated the relation of a number
of  ad ipos i ty  markers  wi th  pu lmonary
function in a population-based cross sectional
s tudy .  The  measured  mean  va lues  o f  the
dynamic  pulmonary  parameters  were  lower
in  obese  (BMI>/=30kg/m 2)  in  bo th  the
genders. An inverse association of BMI, WHR
and wais t  c i rcumference  wi th  pu lmonary
function was found in both men and women.
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systemic inflammation (35). Another possible
mechanism for the association of abdominal
ad ipos i ty  and  pu lmonary  func t ion  i s  a
mechanica l  l imi ta t ion  of  ches t  expans ion
dur ing  the  FVC maneuver .  Increased
abdominal mass may impede the descent of
the diaphragm and increase thoracic pressure
(36). Abdominal adiposity is likely to reduce
expira tory  reserve  volume via  compress ing
the lungs and diaphragm (17, 37),  that will
resu l t  in  lower  FVC measurements ,  which
we indeed observed via  the  s t rong inverse
associa t ion of  every adiposi ty  marker  wi th
FVC in men and women.

The finding of slightly higher pulmonary
function in the lowest WC compared to WHR
and BMI supports  the notion that  having a
lower WC may be a better indicator in males,
o f  overa l l  hea l th  espec ia l ly  compared  to
having a low BMI, since individuals with a
low BMI may have  vary ing  leve l s  o f
abdominal  adiposi ty ,  depending on gender .
This supports our hypothesis that abdominal
adiposity may negatively influence pulmonary
function even when individuals are classified
as being non-obese using standard measures
of obesity (ie, BMI, <30 kg/m2).

The  resu l t s  a re  cons is ten t  wi th  f inding
of Scottish cross-sectional survey of men and
women aged  25–64  y ,  by  Chen  e t  a l  (21)
where WC was inversely associated with FVC
and FEV

1
 in  bo th  men and  women.  In  a

British cohort  study of 9674 men and 11876
women aged  45–79  y ,  Canoy  e t  a l  (24)
analyzed the association of WHR with FVC
and FEV

1
 in both men and women and found

a  s ign i f ican t  inverse  assoc ia t ion .  The
assoc ia t ions  pe rs i s ted  a f te r  ad jus tment  fo r
potent ia l  confounding fac tors  l ike  age  and
he igh t  and  BMI.  The  cur ren t  s tudy  a l so
showed a  t endency  toward  a  s t ronger
assoc ia t ion  be tween  WC and  FEV

1 
a f t e r

adjusting with BMI only in case of females.
Our findings are similar to findings of Canoy
et  a l  on associa t ion of  wais t /h ip  ra t io  and
pulmonary function however WC showed an
inverse association that remained significant
af ter  ad jus tment  for  BMI only  in  females .
Har ik -Khan  e t  a l  (26)  inves t iga ted  the
association of fat distribution and pulmonary
funct ion  us ing  wais t /  h ip  ra t io  & repor ted
an inverse  associa t ion of  FEV1 and wais t /
hip ratio in men only, which is seen in both
the  gender  in  our  f inding .  Kozie l  e t  a l  in
the i r  s tudy  on  40–50  years  o f  vo lun teers
found no associat ion of  WHR with FVC &
FEV1 in females however in males  FVC was
negatively associated with WHR & positively
with BMI and FEV1was positively associated
with BMI & WHR (20).

In contrast  to our f inding Lazarus et  al
found  no  inverse  assoc ia t ions  o f  wais t
circumference and waist/hip ratio with FVC
in women (18).  These authors also reported
an  inverse  assoc ia t ion  of  abdominal  g i r th /
h ip  breadth  ra t io  wi th  pu lmonary  func t ion
af te r  ad jus tment  fo r  BMI in  men  over  a
nar row age  range  in  the  Normat ive  Aging
Study. Collins et  al  examined 42 normal to
mildly obese firefighters and found decreased
pulmonary function in men with a waist/hip
ratio of > 0.95 (19). The finding of an inverse
association of BMI and waist circumference
and  the  s t ronger  assoc ia t ion  of  abdomina l
ad ipos i ty  and  pu lmonary  func t ion  in  men
points  to  the  importance of  what  has  been
called “apple vs pear-shaped” body types. As
wi th  o ther  chron ic  condi t ions ,  inc reased
abdomina l  ad ipos i ty  o r  hav ing  an  “apple -
shape” may be an important indicator of lung
hea l th .  Our  resu l t  ind ica te  abdomina l
ad ipos i ty  markers  WC showed cons i s ten t
predictability for pulmonary function in both
FVC and FEV1 in males. A recent study has
a l so  found  WC as  a  be t te r  ind ica tor  than
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not  have  ye t  a t t a ined  maximal  pu lmonary
func t ion ,  which  may in f luence  pu lmonary
funct ion decl ine and mortal i ty  r isk.

We found  nega t ive  assoc ia t ions  of
abdominal adiposity and pulmonary function
in  men and  women f rom the  genera l
populations that  are not l imited to severely
obese  persons .  Abdomina l  ad ipos i ty  i s  an
impor tan t  de te rminant  o f  impai red
pulmonary  func t ion ,  and  i t  i s  o f  g rea te r
impor tance  than  overa l l  ad ipos i ty  markers
such  as  weight  and  BMI.  We sugges t  tha t
inves t iga tors  cons ider  the  inc lus ion  of
markers of abdominal adiposity as a potential
confounding  fac tor  when  inves t iga t ing  the
determinants  of  pulmonary funct ion.
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BMI(38). Canoy et al found WHR in men and
WC in females were associated  with bigger
reduct ion in pulmonary funct ion than BMI.

The major strength of  our study l ies in
the  ava i lab i l i ty  o f  mul t ip le  s tandard ized
anthropomet r ic  measurements ,  and
sp i romet ry .  We were  ab le  to  ana lyze  the
cont r ibu t ion  of  overa l l  and  abdomina l
adiposity markers to variation in pulmonary
function.  Our s tudy is  a  random sample of
individuals  from the general  populat ion,  so
we were able to investigate this association
in non obese individuals. The cross-sectional
na ture  o f  th i s  s tudy  i s  a  l imi ta t ion ,  as  i t
does  no t  p rov ide  in format ion  about  a
tempora l  sequence .  However  longi tud ina l
s tud ies  o f  longer  dura t ion  a re  needed  to
further investigate how abdominal adiposity
and changes in abdominal adiposity influence
pulmonary function. The findings should be
in te rpre ted  wi th  cau t ion  due  the  modera te
par t i c ipa t ion  ra te .  In  add i t ion ,  we  cannot
generalize these findings to children. A study
of  abdomina l  ad ipos i ty  and  pu lmonary
function in subjects in these age groups would
be of interest because these individuals may
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