
Indian J Physiol Pharmacol 2005; 49 (3) :  257–270

*Corresponding Author : E-mail : mohan_dikshit@hotmail.com; Tele. Off. : (02114) 227938; Extn. 221; Resi. (020) 25657307

I N T R O D U C T I O N

Hutchinson, a London surgeon, in 1846,
in  his  c lass ic  t reat ise  “On the capaci ty  of
lungs and respiratory functions”  introduced
the concept of spirometry. He suggested that
vital  capacity might be a good indicator of
the  func t iona l  s ta tus  o f  the  lungs .
Hutchinson, however, credited a Physiologist
of earlier years, Borelli (1679), for being the
f i r s t  person  to  a t t empt  measurement  o f
‘quant i ty  o f  a i r  rece ived  by  a  s ing le
insp i ra t ion’  (1 ) .  Measurement  o f  v i t a l
capac i ty  was  used  dur ing  the  F i r s t  Wor ld

War  for  assess ing  f i tness  o f  mi l i t a ry
personnel, particularly aircrew for the Royal
Air Force (2, 3). The Indian perspective was
f i r s t  p resen ted  to  the  Ind ian  Sc ience
Congress  in  1929  by  Major  Genera l  SL
Bhat ia  o f  the  IMS,  the  then  Professor  o f
Phys io logy ,  and  Medic ine ,  and  the  Dean ,
Gran t  Medica l  Col lege ,  Bombay.  E lanor
Mason from Madras (Chennai) first reported
in the Indian Science Congress of 1932 the
da ta  o f  lung  func t ions  for  Ind ian  women.
From the 1950s onwards, rapid development
of  sophis t i ca ted  measur ing  dev ices  has
re f ined  the  measurement  methods .

REVIEW ARTICLE

LUNG FUNCTIONS WITH SPIROMETRY : AN INDIAN PERSPECTIVE-II:
ON THE VITAL CAPACITY OF INDIANS

M. B. DIKSHIT*, S. RAJE AND M. J. AGRAWAL

Department  o f  Physiology,
MIMER Medical  Col lege ,
Talegaon,  Dabhade Dist .  Pune – 410 507

( Rece ived  on  February  23 ,  2005 )

Abstract : Spirometry has been used in India since 1929 to evaluate vital
capacity.  The mean value for this parameter has changed slightly for the
better over about eight decades. It is currently recorded at about 21.8 ml/
cm height for males and about 18 ml/cm height for females, the difference
between the two sexes being statistically significant throughout the period
studied.  The vi tal  capaci ty reaches i ts  peak at  about  30 years  of  age in
both Indian men and women and declines there after. There is no significant
s t a t i s t i ca l  d i f fe rence  in  the  v i t a l  capac i t i e s  o f  sub jec t s  f rom d i f fe ren t
regions  of  India .  Composi te  regress ions  have been generated for  use  as
reference equations for estimating. Vital capacity of Indians is lower than
tha t  o f  Caucas ians ,  bu t  the  age  re la t ed  dec l ine  i s  much  g rea te r  fo r
C a u c a s i a n s .
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Princ ip les  and  methods  o f  measurement

Volume of a gas in the lungs is separated
into compartments:  Volumes and capaci t ies
( two or  more  vo lumes) .  Hutch inson  had
correctly designated these as a “displaceable”
en t i ty ,  ( eg .  the  v i ta l  capac i ty ) ,  and  an
“immobi le”  por t ion (which remains  behind
in  the  lungs  as  the  res idua l  vo lume) .  The
former is  evaluated using spirometry tes ts ,
while the measurement of the latter requires
special methods such as helium dilution,
nitrogen washout,  or plethysmography.

Spi romet ry  record ing  may be  e i ther
s ta t i c  o r  dynamic .  Dur ing  the  l a t t e r  the
subject breathes out (or in) maximally under
a time stress,  with the recording made at a
kymograph  speed  of  20  mm/sec .  Dynamic
spirometry is  mainly used in  the diagnosis
of  obs t ruc t ive  lung  d i sease .  The  essen t ia l
parameters  ob ta ined  f rom th i s  record  a re
the  Forced  Vi ta l  Capac i ty  (FVC) ,  Forced
Expiratory Volume 1 sec (FEV1),  the FEV1/
FVC ra t io .  The  Maximum Mid  Expi ra tory
f low (MMF or  FEF 75%–25%)  may  a l so  be
measured.  S ta t ic  sp i rometry ,  recorded a t  a
s low speed  (usua l ly  2  mm/sec) ,  measures
v i ta l  capac i ty ,  a l so  ca l led  S low Vi ta l
Capac i ty  (SVC) ,  and  o ther  vo lumes  and
capac i t i e s .

There are two basic types of spirometers:
wet  (wate r  sea led)  sp i rometers ,  and  dry
bellows/rol l ing seal /wedge spirometers .  The
main drawback of  water  sealed spirometers
has been the resistance to airflow generated
by  the  sys tem as  a  whole .  Over  the
years ,  th i s  p rob lem has  been  su i tab ly
overcome,  and  wi th  due  care ,  dependable
measurements  can  be  made  us ing  such  a

sp i rometer .  These  a re  he lpfu l  in  in i t ia t ing
the  phys io logy  s tudent  in to  lung  func t ion
measurements .  Dry  sp i rometers  a re  more
convenient  to  use ,  genera te  less  res is tance
to flow, and are relatively easy to maintain.

Bas ica l ly ,  sp i rometers  measure  vo lume
against  t ime.  Most  modern vers ions  of  the
ins t ruments  however  make  use  of  the
pneumotachograph  to  in tegra te  the  f low
genera ted  to  descr ibe  the  Maximum
Expiratory Flow Volume curve (MEFV) (flow
vs  volume) ,  o r  i f  the  insp i ra tory  e f for t  i s
also included, the FV loop. From this curve,
FVC,  FEV 1 and o ther  re levant  informat ion
such  as  the  peak  expi ra to ry  f low ra te ,
Vmax 50% and  Vmax 25% a re  measured .  The
la t te r  two ,  a long  wi th  the  MMF are
cons idered  good  ind ica tors  o f  a i r  f low
through  smal l  a i rways  (<2  mm in te rna l
d iameter ) .  S imul taneous ly ,  a  fo rced
expirogram is traced on the recording paper.
The  computer ized  pu lmonary  func t ion  tes t
machines  a re  examples  o f  th i s  type  of
measurement  dev ice .  I t  i s  manda tory  tha t
sp i romete rs  a re  ca l ib ra ted  regu la r ly  us ing
ca l ib ra t ion  syr inges .

For  the  exp i ra to ry  e f for t  to  be
acceptable, the criteria listed in Table I need
to  be  fu l f i l l ed  (4 ,  5 ) .  The  observer  mus t
ensure that  interpretat ion of  the test  resul t
i s  made only  af te r  reviewing c l in ica l  da ta
a long  wi th  the  g raphic  record ,  and  the
pr in ted  numer ic  resu l t  shee t .

At  leas t  3–5 ‘sa t is factory’  ef for ts  need
to be recorded. In our laboratory, we accept
3  sa t i s fac tory  curves  wi th  FVC va lues
within 5% of one another, and use the best
of these efforts (highest FVC). One may also
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use  the  record  in  which  the  sum of  FVC
and FEV 1 i s  the  h ighes t  I t  i s  impera t ive
tha t  whi le  eva lua t ing  an  exp i rogram,  the
exac t  po in t  on  the  g raph  a t  which
expirat ion begins  is  accurate ly  determined.
Somet imes ,  sp i rograms  of  unsa t i s fac tory /
inadequate  effor ts  may also provide useful
c l in ica l  in format ion ,  and  these  need  no t
always be discarded for cl inical  assessment
if a ‘satisfactory’ record cannot be obtained
(6).

Standard  parameters  f rom sp irometry  recording

Vita l  capac i ty ,  Forced  Vi ta l  Capac i ty
(VC,  FVC),  the  Forced Expira tory  Volume
at the end of 1 second of expiration (FEV1)
and FEV1/FVC ratio are the basic parameters
requi red  for  assess ing  lung  func t ion .  FVC
is the volume of air that is breathed out as
fas t  as  poss ib le  whi le  making  a  maximal
expiratory effort after a maximal inspiration
while the VC is the maximum volume of air
breathed out after a maximal inspiration (no
t ime  s t ress ) .

In  fo rmal  sub jec t s ,  the  FVC i s

marg ina l ly  lower  than  the  VC,  espec ia l ly
in  the  e lder ly .  This  may  happen  because
( i )  the re  i s  ea r l i e r  onse t  o f  dynamic
compress ion  of  the  a i rways ,  which  occurs
as  a  resu l t  o f  reduc t ion  in  func t iona l
elastici ty of lung t issue in the elderly,  and
( i i )  r es i s tance  to  a i r f low in  the  l a rger
a i rways  i s  l ike ly  to  be  enhanced  by
turbu lence  genera ted  by  the  FVC ef for t .
These  e f fec t s  a re  exaggera ted  in  pa t ien t s
wi th  obs t ruc t ive  a i rways  d i sease .  I t  has
been  recen t ly  sugges ted  tha t  the  FVC
manouevre may be modified so that after a
maximal effort  lasting for about 3 seconds,
the  exp i ra t ion  i s  made  more  re laxed .  (6 ) .
This  does  not  a l ter  spi rogram qual i ty ,  and
is  bet ter  tolerated by the elderly,  and also
by  the  pa t ien t s  wi th  modera te ly  severe  to
severe obstructive airways disease.  Chances
of  syncope  dur ing  the  fo rced  expi ra to ry
manouevre  a re  reduced .  The  e f for t
y ie lds  h igher  VC va lues  (7 ) .  Ef fec t  o f
bronchodi la tors  could  be  bet ter  e lucidated.
A poss ib le  d i sadvantage  of  th i s  t echnique
may be the lowering of criticality of dynamic
compress ion of  diseased a i rways.

In this  review, we have focused on VC
(FVC)  da ta  o f  hea l thy  Ind ian  sub jec t s .
Various statistics had to be used for treating
data obtained from published papers  to  (a)
calculate  VC over the years  (from 1929 to
da te )  f rom var ious  ava i lab le  da ta ,  (b )  see
the distribution of VC with age and height,
(c) compare VC in different age groups, and
in  sub jec t s  f rom d i f fe ren t  reg ions  of  the
country ,  us ing the  Kruskal l -Wal l is  tes t  for
independent  samples ,  (d)  generate  common
regress ion  equa t ions  fo r  Ind ians ,  (e )
genera te  i sobars  for  es t imat ing  VC over  a
range  of  age  and  he igh t ,  and  ( f )  compare
VC of  Indians  and Caucas ians .

TABLE I : Cr i t e r i a  fo r  a  sa t i s fac to ry  e f fo r t  fo r
recording a  forced expira tory spirogram.

1. Maximal  inhalat ion before  s tar t  of  tes t .
2 . Sa t i s fac to ry  s t a r t  o f  exha la t ion  as  shown by

i .  Ev idence  o f  maximal  e f fo r t ;  i i .  no  hes i t a t ion
during the expiratory effort; iii. No cough or glottal
closure during the f i rs t  second.

3 . The effort should last for a minimum of 6 seconds,
or a plateau with a change in volume of less than
40 ml for at least 2 seconds towards the end of the
e f fo r t

4 . No evidence of leak.
5 . No evidence of obstruction of the mouthpiece.
6 . Nose c l ip  may or  may not  be  used whi le  making

the  FVC e f fo r t ,  bu t  mus t  be  worn  fo r  the  SVC
m e a s u r e m e n t .
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VC/FVC of  Indians  over  the  years

The recording of VC of Indians was first
repor ted  by  Bhat ia  fo r  men  (2) ,  and  for
women by Mason (8) .  Mean values for  VC
from various Indian s tudies  s ince 1929 (2,
3 ,  8–37)  expressed  as  VC/cm he igh t ,  a re
g iven  in  F ig .  1 .  Over  the  years  there  has
been a  s l ight ,  but  ins ignif icant  increase in
the parameter  in men.  There has also been
an increase in the VC of women. The extent
of  th is  increase  i s  less  than in  the  males .
The average value of FVC/VC for males and
females  may show changes  wi th  t ime

adverse ly  a f fec ted  by  the  increase  in
environmental pollution over time. Different
methods  of  measurements  may a l so  have
inf luenced  the  ou tcome.  For  example  Rao
e t  a l .  (3 )  made  measurements  on  sup ine
subjec t s .  The  VC reduces  in  th i s  pos ture .
The  overa l l  e f fec t  seen  i s  l ike ly  to  be  as
resu l t  o f  an  in te rac t ion  of  var ious  fac tors
given above.  I t  is  however near impossible
to comment critically on these issues. At all
s tages ,  the  VC of  Ind ian  men has  been
s ign i f ican t ly  g rea te r  than  tha t  o f  women
(P<0.01) .

VC as  a f fec ted  by  age ,  he ight  and  sex

VC data  for  ch i ldren  ( refs .  13 ,  38–46)
and adults against age and height is plotted
as  a  sca t te r  d iagram (F ig .  2 ) .  The  VC
increases in males and females, rapidly and
almost l inearly with age to about 18 years.
A baby is born with the full compliment of
airways,  but  the alveoli  keep on increasing
in  number  unt i l  about  the  age  of  8  years .
Thereaf te r  the  increase  in  a lveo la r  s ize
contributes to the increase in lung volume.
By this assertion, it  would be expected that
there  i s  a  sudden  acce le ra t ion  in  the
increase  in  VC af te r  th i s  chronolog ica l
landmark has been reached. The lower limit
of  age  in  a  major i ty  o f  the  s tud ies
concern ing  ch i ld ren  in  th i s  rev iew i s  >7
years  and hence i f  a t  a l l  such an increase
in VC does occur, it is not seen here. VC is
a lso  c lear ly  grea ter  wi th  he ight .

The decl ine  in  the  vent i la tory  capaci ty
of  the  lungs  has  been  repor ted  to  s ta r t
a round  the  twent ies  (47) .  Th is  has  been
at t r ibuted  to  reduct ion  in  e las t ic  recoi l  of
the lungs, and early closure of the airways.
The  Tota l  Lung  Capac i ty  (TLC)  however

because of  ( i )  bet ter  recording equipments ,
( i i )  improvement  in  the  nu t r i t iona l  s ta tus
of  the  average  Ind ian ,  and  ( i i i )  poss ib le
effect of gradually increasing environmental
pollution over the last  eight decades or so.
The first  two factors would be expected to
help  increase  the  VC over  t ime,  whi le  the
la t t e r  would  probably  con t r ibu te  to  i t s
reduction. Almost all  the spirometry studies
from 1929 onwards referred to in this review
have been conducted  in  la rge  c i t ies  where
lung  func t ion  parameters  may  have  been

Fig. 1 : VC (ml/cm ht) is plotted for Indian males and
females  f rom 1929  onwards ,  in  epochs  o f  2
decades .  The  va lues  were  ca lcu la ted  f rom
various published papers given,  in references.
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does  no t  change  upon  ag ing ,  whi le  the
res idua l  vo lume increases .  Th is  ind ica tes
that lowering of inspiratory muscle strength
wi th  advanc ing  age  i s  no t  a  s ign i f ican t
issue.  I t  has also been suggested that  after
about 20 years of age, even after maximum
somatic height is attained, the VC continues
to increase for a few years more.  This has
been  a t t r ibu ted  to  an  increase  in  musc le
mass  (48) .  Some of  the  more  prominent
Ind ian  s tud ies  have  sugges ted  tha t  age
re la ted  decrease  in  VC s ta r t s  a t  about
40  years ,  and  these  changes  become
pronounced  a f te r  50  years  (16 ,  23) .  The

subjec t s  o f  the  l a t t e r  s tudy  were  ac t ive
mi l i t a ry  personne l .  Others  have  sugges ted
that  lung functions start  to decline in both
men and women by the  30s  (26) ,  and mid
20s  (29) .  In  women the  dec l ine  i s  more ,
poss ib ly  because  repea ted  pregnanc ies
reduce abdominal muscle tone (16).  This is
likely to result in settling of the diaphragm
at a lower level, limiting its excursion, and
in  reduc t ion  of  exp i ra to ry  e f for t  by
abdomina l  musc les .

To get  an insight  into the mean age at
which the age related decline in VC starts,

Fig.  2 :  Scatter  diagram depicts  relat ionship of  VC with age,  and height  for  Indian and females.
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we  ca lcu la ted  the  mean  VC va lues  f rom
var ious  ava i lab le  da ta  fo r  2 -year  epochs
s ta r t ing  a t  age  18  years .  The  VC of  bo th
males and females increased steadily up to
about  30 years  of  age,  and then s tar ted to
decline. The data for women above 45 years
were  inadequa te ,  and  hence  have  no t
been  inc luded .  The  he igh ts  o f  the  adu l t
sub jec t s  in  d i f fe ren t  age  groups  were  no t
s ignif icant ly  d i f ferent .  The content ion that
even  i f  somat ic  he igh t  reaches  i t s  zen i th ,
the VC continues to increase with age over
the following few years (48) is substantiated
by  our  de l ibera t ions .  I t  has  a l so  been
poin ted  ou t  tha t  a f te r  adu l t  he igh t  i s
reached ,  the  chronolog ica l  age  a t  which
dec l ine  in  lung  func t ion  s ta r t s  i s  va r ied .
This accounts for the difference in the age
a t  which  such  changes  a re  no ted .  I t  may
not  exp la in  as  to  why persons  hav ing  the
same height  may have di f ferent  VCs.

The study of the effect of aging on lung
func t ions  i s  handicapped  by  the  fac t  tha t
In format ion  ava i lab le  in  var ious  s tud ies
per ta ins  to  d i f fe ren t  types  o f  sub jec t s  in
d i f fe ren t  age  groups .  The  equipment  and
technique  used  for  record ing ,  and  o ther
factors  which may inf luence recording,  are
usua l ly  var ied .  This  i s  l ike ly  to  confound
the  in te rpre ta t ions  o f  resu l t s .  Idea l ly ,  the
same cohort of subjects should be tested and
fo l lowed up  over  a  number  o f  decades  in
the  same labora tory  to  ob ta in  the  p roper
perspec t ive  on  a  permanent  bas i s  fo r  a
popu la t i on .

At any given age,  the VC is  posi t ively
corre la ted  wi th  he ight .  The  re la t ionship  i s
c lea r ly  i l lus t ra ted  in  F igs .  2  and  3 .  From
Fig .  3  i t  i s  seen  tha t  the  VC i s  more  in
those subjects  who are tal ler .  This  may be

explained by the fact that taller individuals
have more number of alveoli, and hence the
volume capacity of their lungs is more (49).
From the  regress ion  equa t ions  we  have
deve loped  (Table  I I ) ,  i t  i s  seen  tha t
he igh t  wie lds  g rea te r  in f luence  on  VC
between 18 and 40 years of age in males as
wel l  as  the  females .  On the  other  hand in
adolescen t  males ,  i t  i s  the  age  tha t  t akes
p recedence .

VC of boys is expected to be more than
that of girls even in the pre-adolescent age
because boys are assumed to be physical ly
more active. (39, 41, 42). After puberty the
boys  have  ascendancy.  The  VC values  for
girls and boys as obtained from the reviewed
literature were compared for below 13 years
(the usual age of adolescence),  and 13–<18
years. Below 13 years, the VCs for boys and
girls were similar (12.5 ± 2.5 and 11.3 ± 1.6
ml /cm h t  respec t ive ly ,  NS)  bu t  wi th
adolescence ,  the  boys  deve loped  a  much
higher  capaci ty  (20.4 ± 2.6 ml/cm) while  i t
was  14 .9 ± 3 .4  fo r  g i r l s  (13–18  years )
(P<0.001 for boys vs. girls). The VC of adult
females  was  s ign i f ican t ly  lower  than  tha t
of  adul t  males  as  expected (P<0.001) .  The
reason  for  th i s  sex  d i f fe rence  has  been
a t t r ibu ted  to  g rea te r  insp i ra to ry  musc le
strength of males.  But this accounts for no
more than about 4% of the total  difference
of about 20%. Males have more number of
a lveo l i  pe r  un i t  a rea  as  compared  wi th
females ,  and  the i r  a lveo l i  a re  l a rger  and
have greater compliance (50) Also, after the
adolescent  g rowth  spur t ,  ep iphys ia l  fus ion
occurs  ea r l i e r  in  g i r l s .  Th is  resu l t s  in  a
limitation of age related increase in the VC
in  g i r l s  a f te r  ado lescence ,  whi le  in  males
the VC continues to increase well  into the
twent ies  (51) .
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Compos i te  regress ion  equat ions  for  VC

This  rev iew encompasses  s tud ies  f rom
the North  of  India  (11,  13,  15–18,  20–23,
27, 28, 31, 32, 35, 39–41, 42, 44, 45), from
the South (8–10, 14,  24,  29,  34,  46),  from
the West (2,  12,  26,  30,  33,  37,  42).  Most
au thors  who have  con t r ibu ted  to  lung
funct ion tes ts  in  Indians  advocate  separate
regional regression equations for estimating
various pulmonary funct ions,  with possibly
‘ethnicity’ as the factor affecting the results.
However the concept of ethnicity is neither
s imple  nor  prec ise ,  and per ta ins  to  shared
soc ia l  background,  t rad i t ions ,  cu l ture ,  and

die ta ry  hab i t s  which  lead  to  a  sense  of
be longing  be tween  groups  (52) .  Wi th
considerable  in termix of  the  popula t ion,  i t
might be difficult  to exercise such regional
biases.  Also,  in each region there is  l ikely
to be a considerable degree of variat ion in
the  charac te r i s t i cs  tha t  fo rm a  par t i cu la r
‘e thnic’  group.  There  has  been  no  ser ious
at tempt  to  s ta t is t ica l ly  compare  VC values
in different regions of the country in order
to establish that there are indeed significant
regional differences. It  might be better then
to generate a composite regression equation
for use for the Indian population as a whole.
Cotes  e t  a l  (53)  combined data  of  Bri t ish ,

Fig. 3 : Shows isobars for depict ing VC for varied height ( left  s ide) and age (r ight)  of  males and females.  For
females, upper age limit is 45 years. The graphs were constructed using regression equations derived for
Indian subjects  (Table II) .
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Nor th  Amer ican  and  Nor th  Wes te rn
European  sub jec t s  to  deve lop  a  combined
regress ion  equa t ion .  The i r  sub jec t s  as  per
the considered meaning of the term “ethnic’
were  d i f fe ren t .  Us ing  the  Kruska l l -Wal l i s
test we compared the VCs of subjects from
the northern,  eastern,  western and southern
reg ions  o f  the  count ry .  The  age  range
considered was 18–40 years.  The mean VC
values for these four regions corrected to a
standard height of 165 cm [corrected as per
Cole  (54)]  were  not  s igni f icant ly  d i f ferent
a t  the  1% leve l .  Therefore ,  we  have
considered the populat ion in which various
VC studies have been done, as homogenous,
and  developed regress ion  equat ions  (Table
II), which may be used on an all India basis
for  es t imat ing  VC/FVC.  The  da ta  fo r  age
beyond 60 years  in  males  and 45 years  in
females  i s  re la t ive ly  scan ty  in  Ind ian
li terature,  part icularly for  females,  and has
not  been  addressed .

VC is about 0.1 ml/cm ht/year. The rates of
dec l ine  in  VC as  ca lcu la ted  f rom var ious
da ta  ava i lab le  on  hea l thy  sub jec t s  on  the
subcont inent ,  i s  wide ly  var ied  as  repor ted
for  Ind ian  males .  Ja in  and  Gupta  (16)
repor ted that  VC does  not  s tar t  to  decl ine
unt i l  a f te r  40  years  o f  age .  On the  o ther
hand,  when da ta  f rom Ja in  e t  a l  (18)  was
cr i t i ca l ly  ana lyzed ,  i t  was  seen  tha t  a
similar population tends to reduce their VC
at about 11 ml/yr.  In natives of the North-
Wes te rn  par t  o f  the  subcont inen t ,  the
ca lcu la ted  ra te  o f  dec l ine  was  on ly  about
6 .6  ml /yr  (27) .  The  dec l ine  in  VC as
estimated for ht 165 cm from another study
in Delhi (34) works out to be about 25 ml/
cm ht .  From the western India,  i t  is  about
18  ml /yr  (26) .  F ig .  4  there fore  represen ts
the  aggregate  of  decl ine  of  VC for  Indian
subjects  with advancing age.  The reduction
in  th i s  parameter  in  wes te rn  sub jec t s  has
been reported at about 25 ml/year (48). The
ra te  o f  dec l ine  for  Ind ians  i s  much  lower
than that for Americans (55) and Europeans
(56) ,  and i t  s tands  a t  about  26 ml/year  as
seen f rom Fig .  4 .  By the  6 th  decade ,  th is
difference in the pattern of decline of VC,
br ings  the  Ind ian  va lue  c loser  to  tha t  o f
the  Caucas ians .  I t  i s  conceded  tha t  the
regress ion  equa t ions  f rom re fs  55  and  56
used  to  ca lcu la te  VC are  t aken  as
represen ta t ive  samples  fo r  ca lcu la t ing
Caucas ian  va lues  o f  VC for  males  and
females.  The larger picture may be slightly
different .  I t  is  also interest ing to note that
if the American males have higher VC than
the  Europeans ,  the  European  females  do
be t te r  than  the  Amer icans .

In  Ind ian  women be tween  25  and  40
years, the rate of decline of VC at about 8
ml /cm/year  i s  much  lower  than  tha t  fo r

TABLE II : Regress ion  equa t ions :  FVC/VC expressed
as ml/cm height .

Age (years) Males Females

<13 yr –5.69+0.087
Age + 0.131 Ht

13–18 –8.48+0.53
Age + 0.126 Ht

>18–<27 –81.81+0.15 –41.56+0.22
Age + 0.603 Ht Age +0.345 Ht

28–<40 –105.42–0.078 –51.67–0.075
Age + 0.782 Ht Age + 0.469 Ht

40–60 –32.06–0.071
Age + 0.336 Ht

The  rate  o f  dec l ine  o f  VC :  We have  used
these  equa t ions  to  cons t ruc t  F ig .  4  fo r
s tandard  he ight  of  165  cm for  males  (age
range 25 to 60 yr) and 158 cm for females
(age 25–45 yr). In the males, the decline in
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Caucas ians  who dec l ine  s tead i ly  a t  about
23 ml/cm /year .  The VC of  Indian women
there fore  i s  a t  pa r  wi th  the  Caucas ian
values by the fifth decade; in fact they are
higher than that  of the Americans (Fig.  4).
The  reason  as  to  why th i s  happens  i s  no t
c lea r .  I t  i s  in te res t ing  however  tha t  the
d isadvantage  of  a  re la t ive ly  lower  VC of
Indians,  male and female,  is  sl ightly offset
by a lower rate of decline. It is difficult to
say  what  happens  in  the  l a te r  decades
because of the paucity of data pertaining to
o lder  Ind ians ,  par t i cu la r ly  women.

fitness at about that age may be responsible.
Given the circumstances,  these factors may
take a bigger toll of lung functions of Indian
w o m e n .

The  b igges t  d raw back  on  a r r iv ing  a t
any firm conclusions on the issue of decline
in lung functions with aging is the fact that
none  of  these  s tud ies  a re  a  long i tud ina l
fo l low up  of  a  s ing le  cohor t  o f  normal
subjects  over a span of  t ime.

Ethnic i ty  and  VC

I t  i s  been general ly  opined that  VC of
Indians is less than that of Caucasians (16,
23 ,  This  i s  demons t ra ted  for  males  in
Fig. 5. VC of Caucasians was obtained from
refs. 3, 25, 47–49, 53, 55, 56–63. A number
of reasons may be given for this observation:
a )  Caucas ians  a re  phys ica l ly  more  f i t .  b )
They are taller,  and hence have larger lung
volumes .  Whi le  d i scuss ing  ven t i l a to ry
capac i t i es  o f  t rop ica l  popula t ions ,  Pa t r ick
(25)  had  brought  ou t  tha t  fo r  a  g iven
stature,  Europeans had a greater  t runk size
as compared to Blacks. This difference was
ca lcu la ted  to  g ive  a  13% increment  in
thoracic volume of Europeans. It is possible

Fig. 4 : Decl ine  of  VC with  increas ing age  in  Indian
subjects as compared with Americans (ref.  no.
55),  and Europeans (ref.  No. 56).

The decline in VC of older women may
be hastened after menopause in an unknown
manner .  The  cumula t ive  e f fec t s  o f
pregnancy, and a general decline in physical

Fig. 5 : VCs of Indian males and Caucasian males. Data
for the lat ter  was obtained from ref.  nos.  48-
50; 58-63.
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that the same analogy holds true for Indian
subjec t s  as  compared  wi th  Caucas ians .  I t
was  no t  poss ib le  to  t rea t  da ta  fo r  Ind ian
women in  a  s imi la r  manner .

Environment  and  VC

VC/FVC has  been  re la ted  to  phys ica l
f i tness .  Mil i tary  personnel  are  expected to
be  more  phys ica l ly  f i t ,  and  proper ly
nour ished  as  compared  wi th  c iv i l ians ,  and
should  there fore  be  endowed wi th  h igher
VC. The VC of mili tary personnel (20,  23,
28 ,  32)  was  observed  to  be  s ign i f ican t ly
grea te r  than  tha t  fo r  c iv i l i ans  (23 .6 ± 1 .6
ml/cm ht vs 18.8 ± 5.0) in the age group 19–
30 .  In  fac t  in te rna t iona l  l eve l  Ind ian
athletes have a VC which is highest of the
lo t  a t  26 .2  ml /cm h t  (20) .  High  a l t i tude
na t ives  o f  the  Himalayas  have  very  h igh
VC. Patr ick (25)  s tandardizing VC for  165
cm and 35 years, has reported a value which
works out to around 31 ml/cm which is much
higher than that found in Europeans. Apte’s
Ladhaki  soldiers  (57)  have a  (F)VC which
is  30 .2  ml /cm ht .  In  both  the  repor ts ,  the
subjec ts  concerned  were  domic i led  na t ives
of  h igh  a l t i tude ,  l iv ing  and  work ing  a t
al t i tudes of  15000'  and beyond.

Pol lu t ion  may adverse ly  a f fec t  lung
func t ions  o f  sub jec t s .  Udwadia  e t  a l  (26)
whose  sub jec t s  were  assessed  in  Mumbai ,
sugges ted  tha t  lung  func t ion  parameters
they  recorded  were  l ike ly  to  be  adverse ly
influenced by the high level of pollution in
the  met ropol i s .  I t  migh t  to  in te res t ing  to
measure VC of contemporary Delhi citizens,
and compare the results with those reported
in the similar studies from Delhi in the mid
60s  (15 ,  16 ,  17 ,  and  18) .  In te res t ing ly
enough, a comparison of VC of men 27 years

and 55 years of age in 1969 (17) and 1995
(34)  recorded  a t  the  same labora tory  in
Delhi  in  heal thy Delhi  residents ,  showed a
value of 19.5 ml/cm ht and 21.2 ml/cm for
55 year olds. The higher value was recorded
in 1995. For 27 year olds, the mean VC was
24.6 ml/cm and 25.5 ml in 1969 and 1995
respectively. The 1969 recordings were made
us ing  a  wate r  sea l  sp i rometer ,  whi le  the
1995  measurements  were  made  us ing  a
computer ized  sys tem.

Uses  o f  Sp irometry

Spi romet ry  may be  used  for  ( i )
enhancing basic physiological knowledge, (ii)
early detect ion and diagnosis  of  pulmonary
disease, (iii) assessment of rational therapy;
and ( iv)  research .

Lung d isorders  a re  genera l ly  c lass i f ied
as  those  wi th  a i r f low l imi ta t ions
(obstruct ive) ,  those with volume restr ict ion
(res t r ic t ive) ,  and those with  a  combinat ion
of obstruction and restriction. The data may
be  ca tegor ized  as  be ing  cons i s ten t  wi th
normal  Spi romet ry  func t ions  (normal  FVC
and FEV 1/FVC ra t io ) ,  obs t ruc t ive  pa t te rn
which  may have  a  normal  FVC but  a  low
FEV1/FVC rat io,  or  a  low FVC with a low
FEV 1/FVC ra t io)  and  res t r ic t ive  ( low FVC
with  normal  or  h igh  ra t io) .  Genera l ly ,  the
diagnosis of obstruction in the airways using
Spirometry is easily made when, in the face
of even a normal FVC (VC) the FEV1/FVC
ra t io  i s  lower  than  normal .  The  go ld
s tandard  fo r  d iagnos ing  res t r i c t ive  lung
disease  s t i l l  r emains  the  measurement  o f
total lung capacity using helium dilution or
plethysmography methods.  A low FVC may
resu l t  f rom an  obs t ruc t ive  or  a  res t r ic t ive
lung  d i sorder .  In  the  absence  of  a i r f low
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obs t ruc t ion ,  i t  has  been  sugges ted  tha t  a
low FVC with normal or high ratio may be
diagnosed as a restrictive defect on the basis
of  sp i romet ry  a lone  (64) .  I t  i s  obv ious
tha t  VC mus t  be  recorded  wi th  some
other  parameters  such  as  the  TLC,  FRC,
d i f fus ion  capac i ty  o f  the  lungs ,  to  ob ta in
an  ins igh t  in to  lung  func t ions .  However
when  lung  vo lume i s  a f fec ted ,  VC i s  by
far  the best  tes t  to  monitor  lung funct ions
(4).

Apart from the clinical setting, VC/FVC
have  been  used  as  research  too l  to
investigate effects of environmental stresses
on  body  phys io logy .  For  example ,  an
incremental  increase in FVC during graded
application of lower body negative pressure
also ref lected a  graded decrease in  central
b lood  vo lume (65) ,  whi le  a  decrease  in
FVC was  no ted  dur ing  head  down t i l t
exper iments  used  to  s imula te  sub-grav i ty
situation of space fl ight  (66).

Interpretat ion  o f  lung  funct ion  tes t  resu l t s

This  usua l ly  involves  compar ing
pa t ien t s ’  va lues  wi th  su i tab ly  se lec ted
re fe rence  va lues  f rom popula t ion  s tud ies .
All pulmonary function tests are diagnostic,
quan t i t a t ive  measures ,  bu t  they  cannot
de tec t  a  defec t  un less  the  l es ion  i s  b ig
enough  to  p roduce  a  reduc t ion  of  the
measured  parameter  wel l  be low normal .
Idea l ly ,  base l ine  va lues  fo r  an  ind iv idua l
should be avai lable because a change from
a patient’s  basel ine data would be a better
ind ica tor  o f  a l t e red  lung  func t ion  ra ther
than  compar i son  wi th  the  lower  l imi t  o f
population standards for that age and height
and  sex .  For  example ,  an  ind iv idua l  may
have a baseline VC which is well above the

‘normal ’  as  per  ava i lab le  norms .  I f  th i s
ind iv idua l  deve lops  s ign i f ican t  degree  of
d i sease  condi t ion ,  then  h i s  pu lmonary
function will decrease. And yet the new level
may be well above the stipulated lower limit
of normal as per norms, eliciting a “normal”
report .  No s ingle  tes t  i s  suff ic ient  to  give
a l l  in format ion  for  every  pa t ien t ,  nor  a re
all tests necessary for management of every
pat ient .  I t  i s  imperat ive  that  in terpreta t ion
of  the  t es t  i s  based  on ly  a f te r  ca re fu l ly
viewing graphic as well  as numeric results.
Spirometry is  basical ly  meant  to  support  a
care fu l ly  made  c l in ica l  assessment  o f  the
p a t i e n t .

Limitat ions  o f  sp irometry  tes t ing

Dif f icu l t i es  in  s tandard iza t ion  of  the
technique, the quality and limitations of the
“equipment  used for  the  tes t ,  and the  fac t
that  the test  gives only l imited information
are  some of  the  inheren t  d rawbacks  of
spirometry testing. Computerized sp i rometry
raises questions about reference values, and
criteria for interpretation of the tests Daily
ca l ib ra t ion  of  the  equ ipment  i s  requ i red .
The  accep tab i l i ty  o f  va lues  fo r  degree  of
revers ib i l i ty  o f  change  in  a i r  f lows  in  a
pa t ien t  o f  obs t ruc t ive  d i sease  has  a lways
been  con t rovers ia l .  In  sp i te  o f  a l l  these
drawbacks ,  sp i romet ry  tes t ing  con t inues
to  be  in  the  fo re f ron t  fo r  d iagnos i s  and
fo l low up  of  pa t ien t s  wi th  lung  d i sease ,
particularly obstructive, and to some extent,
res t r ic t ive  lung  d i sease .

C o n c l u s i o n

Spi romet ry  tes t ing  i s  a  usefu l  too l  for
assessing lung functions.  I t  is  necessary to
real ize that  these tests  are only an adjunct
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to  c l in ica l  assessment  and  d iagnos i s ,  and
in te rpre ta t ions  o f  the  t es t s  mus t  be  made
in that  l ight .  VC/FVC values are useful  in
de te rmin ing  the  ex ten t  o f  abnormal i ty
involving alterations in lung volumes. There
are  many pockets  of  informat ion regarding
lung  func t ions  of  Ind ians  f rom var ious
labora tor ies  in  the  count ry .  There  i s
however  a  need  to  make  an  organ ized
a t tempt  to  s tudy  lung  func t ions  o f
des igna ted  cohor t s  long i tud ina l ly ,  s t a r t ing
in childhood, over a number of decades,  to
establ ish norms for  the Indian populat ions.
This  needs  the  promot ion  of  a  na t ionwide
project ,  control led by a  s ingle  invest igator

f rom a  des igna ted  labora tory  so  tha t
a l l  a spec t s  o f  the  inves t iga t ion  a re
s tandard ized .  This  l abora tory  should  then
recru i t  o ther  reg iona l  l abora tor ies  to
conduct  the  s tudy under  i t s  d i rec t ion .  The
pro jec t  wi l l  have  to  be  passed  down the
h ie ra rchy  of  inves t iga tors  i f  need  be .
In  p rac t ice ,  th i s  may  be  d i f f i cu l t  bu t
no t  imposs ib le .  Al te rna t ive ly ,  a  cen t ra l
invest igator  may simultaneously direct  data
co l lec t ion  in  mul t ip le  l abora tor ies .  Here
s tandardiza t ion  of  equipment ,  technique of
measurements ,  and  t ra in ing  of  the
personnel  involved wil l  have to  be carr ied
out  by  the  pr inc ipal  inves t iga tor .
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