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Abstract :  The aim of this comparative retrospective cohort study was to
examine the associations between birth weight and lung function in cohort
of  70 adolescent  male  chi ldren aged 12–16 years .  The subjects ,  born in
nursing homes located in vicinity of the institution having their complete
birth records were traced.  They were male children between ages of 12–
16  yea r s .  Lung  func t ion  pa ramete r s  were  measured  us ing  a  por tab le
spirometer DATOSPIR 120 B. The corrected mean difference (95% confidence
interval) in forced vital capacity (FVC) was  –0.19 ml (–0.55 to 0.16) this
was significantly lower in low birth weight group (LBW) as compared to
normal birth weight children. All other lung function parameters were not
s ignif icant ly  d i f ferent  in  the  two groups .  We did  not  f ind a  s ignif icant
association between birth weight at  term and lung function parameters in
the adolescent age group. While mean FVC which was found to be lower
in LBW group in our study might be due to programming in infancy rather
than  in t r au te r ine  l i f e .  Our  r e su l t s  d id  no t  suppor t  Barke r  Hypo thes i s
according  to  which  adverse  inf luences  dur ing  in t rauter ine  l i fe  resul t  in
increased disease risk in ‘adulthood.
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INTRODUCTION

It has been postulated that  adult  organs
are  p rogrammed in  fe ta l  l i fe .  The
‘deve lopmenta l  o r ig ins  o f  adu l t  d i sease
hypothes i s ’ ,  o f ten  ca l led  the  Barker
hypothes i s  a f te r  one  of  i t s  l ead ing
proponents ,  s t a tes  tha t  adverse  in f luences
early in development and particularly during
in t rau te r ine  l i fe ,  can  resu l t  in  permanent
changes in physiology and metabolism which
result in increased disease risk in adulthood
(1) .  I t  i s  sugges ted  tha t  such  programmed
changes  in  u te ro  a l so  in i t i a te  the
development  of  chronic  a i r f low obstruct ion
in adult life (2, 3).  Low birth weight (LBW)

is  repor ted  to  be  assoc ia ted  wi th  reduced
lung function or with increased incidence or
prevalence of respiratory illnesses in children
(4, 5), adolescents (6)  and adults (2).

In t rauter ine  growth re tardat ion of  fe tus
and  smal l  s i ze  a t  b i r th  a re  widespread  in
Ind ia  (7 )  bu t  very  few s tud ies  have
determined the relat ionship of  fetal  growth
and adul t  lung  func t ions .  Prev ious  s tud ies
of  lung  func t ion  in  South  Ind ians  have
reported lower values for  forced expiratory
volume in  1  second  (FEV

1
) ,  fo rced  v i ta l

capacity (FVC) and peak expiratory flow rate
(PEFR) than in European populations (8, 9).
Lung funct ions  a lso seem to be inf luenced
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week  to  the  l abora tory .  Anthropomet r ic
measurements  (weigh t ,  he igh t  & ches t
c i rcumference)  o f  bo th  cases  and  cont ro l s
were  recorded  and  were  en te red  in to  the
sp i rometer .  The  s tand ing  he igh t  o f  each
chi ld  was  measured  wi thout  shoes  us ing  a
portable stadiometer to the nearest 1 cm and
weigh t  by  weigh ing  sca le  to  the  neares t
1 kg.

A questionnaire was prepared and fi l led
for each subject  and those not  meeting the
cr i t e r ion  g iven  be low were  re jec ted .  A
pre l iminary  c l in ica l  examina t ion  was  done
on each to rule out any abnormality/disease.
An exclusion criterion was prepared for the
se lec t ion  of  sub jec t s  compr i s ing  of  the
following : (1)  History of upper respiratory
tract infection in preceding 3 weeks. (2) Any
systemic illness which directly or indirectly
inf luences  the  resp i ra to ry  sys tem.
(3)  Chi ldren  of  low soc ioeconomic  s ta tus .
(4)  Pre pubertal  males.  (5)  Past  or  present
history of smoking. (6) smoker in the family.
(7) Children on any medication.

The  pu lmonary  func t ion  tes t s  were
car r ied  ou t  on  sub jec t s  us ing  SIBELMED
DATOSPIR 120  B prec i s ion  por tab le
spirometer from Spain with built in computer
program using standard laboratory methods.
This  sp i rometer  i s  a  very  sens i t ive
instrument  providing a  detai led analysis  of
predicted and observed values. The machine
was calibrated daily.

The  procedure  for  per forming  a  FVC
maneuver was demonstrated in detail  to the
subjec t .  Af te r  a  few prac t ice  b lows ,  th ree
reproducible blows (defined as FVC within
10% of  the  maximal  FVC) were  produced.
The  sub jec t s  were  encouraged  to  per form
these tests to the best of their ability. Graphs
which showed hesi tancy or cough were not
used  in  the  ana lyses .  Of  the  accep tab le
recordings for  each subject ,  the one which

by current  body mass  index (BMI)  and i ts
changes  in  l a te r  l i f e .  Hence  the  p resen t
s tudy  was  p lanned  to  inves t iga te  the
association of birth weight and lung functions
after controlling for confounding factors like
materna l  smoking,  body mass  index,  soc io
economic factors,  education and smoking in
Indian adolescent  populat ion.

MATERIALS AND METHODS

This comparative retrospective study was
carried out in 77 subjects at  Department of
Physio logy,  Univers i ty  Col lege  of  Medica l
Sc iences  & Guru  Teg  Bahadur  Hospi ta l ,
Delhi – 110 095. After excluding for error 70
were  inc luded  for  ana lys i s .  They  were
divided into two groups :

Group 1 : (Study group;  n = 35) :  low bir th
weight children (<2.5 kg).

Group 2 : (Cont ro l  g roup;  n = 35) :  normal
birth weight children (≥2.5 kg).

Sample size of 35 was taken to detect a
difference of 2.5 L in FEV

1 
between the two

groups  wi th  the  s tandard  devia t ion  of  0 .3 ,
alpha of 5% and power of 80% (10).

The subjec ts  se lec ted  were  born  in  the
nurs ing  homes ,  loca ted  in  the  v ic in i ty  o f
ins t i tu t ion  ( running  s ince  20  years )  and
having thei r  complete  b i r th  records .  These
were  a l l  males  in  the  age  group of  12–16
years .  They  were  t raced  and  grouped
accord ing  to  the i r  b i r th  weigh t .  Cont ro l s
were age matched with the subjects. Children
were  mos t ly  f rom middle  income group
families according to Kuppuswamy scale (11).

The  s tudy  was  approved  by  Ins t i tu te ’ s
Research and Ethica l  Commit tee .  Informed
wr i t t en  consen t  was  taken  f rom paren ts
before starting the study. The subjects were
cal led in  batches of  2–3 on two days in  a
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Multiple regression was used taking PFT as
dependent  var iab le  ( separa te ly  fo r  each
parameter ) ,  whi le  independent  var iab les
were birth weight, final age, and BMI for all
the  cases .

RESULTS

Mean (SD)  of  a l l  the  an thropomet r ic
measurements  in  the  two groups  (LBW
vs.  Cont ro l s )  i s  dep ic ted  in  Table  I .  No
significant difference was observed between
the  two groups  for  he ight ,  50th  percent i le
height, weight, 50th percentile weight, body
mass index (BMI), 50th percentile BMI and
ches t  c i rcumference .

Table  I I  shows  mean±SD of  a l l

showed the largest FVC was used to extract
the data. For slow vital capacity (SVC) after
tak ing  3-4  t ida l  b rea ths ,  the  sub jec t  was
asked  to  inha le  and  exha le  s lowly  and
maximally  and recording was noted on the
sp i rometer  moni tor .  Al l  lung  vo lumes ,
capacities and flow rates were measured. The
room tempera ture  and  baromet r ic  p ressure
were fed into the spirometer to obtain results
a t  BTPS.

Stat i s t i ca l  ana lys i s

I t  was  done  us ing  SPSS vers ion  13 .0 .
Unpaired Student’s ‘t’ test was used to assess
the  s igni f icance  of  d i f fe rence  be tween the
means for all pulmonary function test (PFT)
parameters  and  an thropomet r ic  var iab les .

TABLE I : Anthropomet r i c  measurements  in  low b i r th  we igh t  and  normal  b i r th  we igh t  ch i ld ren .

L B W Controls Mean 95% CI of P value
Variable Mean±S.D. Mean±S.D. difference the difference †unad jus t ed

(n=35) (n=35)

Bir th  we igh t  (kg) 2 . 1 2± 0 . 3 8 3 . 5 3± 0 . 4 2 –1 .033 –1.23 to –0.82 < 0 . 0 0 1 *
Age  (y r ) 14 .25± 1 . 4 2 13 .86± 1 . 3 8 0 . 3 8 –0.28 to 1 .05 0 .253
Heigh t  ( cm) 151 .58± 13 .17 154 .34± 9 . 7 4 –2 .76 –8.25 to  2 .73 0 .320
50 th  Percen t i l e  He igh t  ( cm) 163 .84± 8 . 2 5 161 .55± 8 . 3 1 2 . 2 8 –1.63 to  6 .21 0 .249
Weigh t  (kg) 46 .83± 12 .17 47 .77± 10 .39 –0 .93 –6 .3  to  4 .42 0 .728
50 th  Percen t i l e  Weigh t  (kg) 52 .03± 7 . 1 3 50 .26± 7 . 1 2 1 .764 –1.61 to  5 .14 0 .301
BMI (kg/m 2) 20 .08± 2 . 9 8 19 .88± 2 . 7 4 0 . 2 1 –1.15 to  1 .55 0 .768
50th  % BMI (kg /m 2) 19 .34± 0 . 9 8 19 .04± 0 . 9 7 0 . 2 7 –0.19 to  0 .73 0 .244
Ches t  C i rcumference(cm) 77 .53± 10 .61 77 .74± 6 . 9 2 –0 .22 –4.47 to  4 .04 0 .920

†Unpa i red  t  t e s t  *S ign i f i can t  P<0 .05 .

TABLE I I : Volumes  and  capac i t i e s  in  low b i r th  we igh t  and  con t ro l s .

L u n g L B W Controls Mean 95% CI P value P value S tandard i zed
variable Mean±S.D. Mean±S.D. difference of the †unad jus t ed †adjus ted coefficient

(n=35) (n=35) difference

FVC (L) 2.65± 0.72 2.84± 0.80 –0.19 –0.55 to 0.16 0.294  0.038* –0.24
FEV1 (L) 2.44± 0.64 2.55± 0.75 –0.11 –0.43 to 0.22 0.52 0.17 –0.15
% FEV1 (%) 111.36± 17.1 111.38± 21.4 –0.02 –9.18 to 9.14 0.99 0.24 0.23
FEV 0.5(L) 1.75± 0.57 5.63± 22.3 –3.87 –11.3 to 3.55 0.30 0.19 –0.26
FEV0.5/FVC (%) 71.32± 11.39 69.9± 18.01 1.42 –5.69 to 8.53 0.69 0.62 –0.1
FIVC (L) 1.22± 1.06 1.21± 1.2 0.001 –0.53 to 0.54 0.99 0.93 0.01
VC (L) 2.71± 1.08 2.69± 0.68 0.01 –0.32 to 0.36 0.92 0.86 –0.02
TV (L) 0.9± 0.33 0.8± 0.34 0.08 –0.07 to 0.24 0 .3 0.75 0.06
ERV (L) 1.12± 0.47 1.09± 0.32 0.02 –0.16 to 0.21 0.79 0.46 –0.122
IRV (L) 0.68± 0.37 0.77± 0.44 –0.08 –0.27 to 0.10 0.39 0.91 0.018
IC (L) 1.59± 0.45 1.59± 0.5 0.001 –0.22 to 0.23 0.99 0 .7 0.06
MVV (L/min) 79.11± 25.77 89.3± 30.62 –10.16 –23.56 to 3.12 0.13 0.584 –0.081

†unpa i red  t  t e s t ;
‡ad jus ted  fo r  f ina l  age ,  he igh t ,  we igh t  and  BMI  by  Mul t iva r i a t e  ana lys i s ;
*s ign i f i can t  P<0 .05
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TABLE II I : F low ra tes  in  low b i r th  we igh t  and  con t ro l s .

L u n g L B W Controls Mean 95% CI P value P value S tandard i zed
variable Mean±S.D. Mean±S.D. difference of the †unad jus t ed †adjus ted coefficient
( L / s ) (n=35) (n=35) difference

P E F R 2.92± 0.45 3.26± 0.42 –0.34 –0.25 to –0.63 <0.32 <0.64 –0.078
MEF 25% 1.96± 0.74 2.24± 0.77 –0.27 –0.63 to 0.08 0.13 0.2 –0.225
MEF 50% 3.26± 1.13 3.92± 2.08 –0.66 –1.45 to 0.12 0.09 0.50 –0.124
MEF 75% 4.49± 1.76 4.47± 1.77 –0.01 –0.82 to 0.85 0.08 0.82 0.035
FEF 25-75% 3.08± 1.1 3.36± 1.13 –0.28 –0.81 to 0.24 0.28 0.27 –0.17
FEF 75-85% 1.56± 0.58 1.84± 0.63 –0.27 –0.56 to 0.01 0.05 0.34 –0.169
MIF 50% –0.47± 9.77 –1.88± 18.87 1.4 –5.68 to 8.49 0.69 0.79 0.05

†unpa i red  t  t e s t ;
‡ad jus ted  fo r  f ina l  age ,  he igh t ,  we igh t  and  BMI  by  Mul t iva r i a t e  ana lys i s ;
*s ign i f i can t  P<0 .05

the  vo lumes  and  capac i t i es  in  the  two
groups  (LBW vs .  Cont ro l s ) .  Compar ing
the  group  means  by  unpa i red  independent
‘ t ’  t e s t ,  no  d i f fe rence  was  observed
between the two groups for all lung volumes
and  capac i t i es  when  compared  wi thout
ad jus t ing  for  confounding  fac tors .  On
mul t ivar ia te  ana lys i s  Mean  FVC in
LBW group  was  found  to  be  s ign i f ican t ly
lower when adjusted for confounding factors
l ike bir th weight ,  age and BMI in the two
groups (mean difference –0.19, P 0.038 and
β –0.24).

Mean±SD of all the flow rates in the two
groups  (LBW vs .  Cont ro l s )  i s  dep ic ted  in
Table III. Flow Rates were not significantly
different  in the two groups.

DISCUSSION

In the  present  s tudy we have  observed
significantly lower mean FVC in Low birth
weigh t  cohor t  as  compared  to  con t ro l s .
Children born with lower birth weight tend
to  have  poor  lung  func t ion  than  those  of
higher  bir th  weight  (5 ,  9 ,  12–14)  a l though
longi tudinal  data  assessing the re la t ionship
be tween  b i r th  weigh t  and  adu l t  lung
function are limited and findings have been
conf l ic t ing  (2 ,  3 ,  15–21) .  The  assoc ia t ion

be tween  the  fe ta l  deve lopment  and  a i rway
function is  l ikely to be complex,  involving
causa l  pa thways  tha t  inc lude  gene t ic ,
prenatal and postnatal environmental factors
(22).

Mean  FVC amongs t  the  vo lumes  and
capacit ies measured in our LBW was lower
than in  controls .  Similar  resul ts  were seen
in other western studies (3, 12, 14, 25) while
Barker et  al  and Bua et  al  did not f ind an
associa t ion  be tween FVC and b i r th  weight
(2, 15). The conflicting evidence could be due
to lack of control for maternal factors such
as  mate rna l  he igh t ,  mate rna l  BMI and
maternal smoking that influence birth weight
but do not imply an adverse environment in
u t e r o .

The interpretation of our findings are in
favor of theory of dysanaptic growth of lung
components  which  s ta tes  tha t  dur ing  fe ta l
development all  airway branches are formed
by  the  16 th  week  of  ges ta t ion ,  wi th
subsequent prenatal and postnatal growth of
the  a i rways  resu l t ing  f rom an  increase  in
size rather  than number.  By contrast ,  there
is a rapid increase in alveolar number during
the first 2 years of life, resulting in greater
increase  in  lung  vo lume than  a i rway  s ize
during this period (23, 24). Hence components
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our  s tudy group maternal  smoking as  wel l
as  par t i c ipan t  smoking  were  t aken  in to
account  as  confounding  fac tors  and  were
excluded from the study.

Our  s tudy  has  the  s t reng th  tha t
in format ion  for  bo th  b i r th  weigh t  and
dura t ion  of  p regnancy  was  ob ta ined  by
medical  records  ra ther  than parenta l  recal l
and a large number of possible confounding
variables l ike maternal smoking, body mass
index, socio economic factors, education and
smoking  in  Ind ian  ado lescen t  popula t ion
were  t aken  in to  cons idera t ion  whi le
ana lyz ing  the  resu l t s .  Adjus tment  fo r
differences in age,  height ,  weight and BMI
on lung funct ion  was  made us ing mul t ip le
regress ion  ana lyses .

No assoc ia t ion  was  demons t ra ted
be tween  b i r th  weigh t  a t  t e rm and  lung
func t ion  parameters  in  the  ado lescen t  age
group although mean FVC was found to be
lower  in  LBW group ,  i t  may  be  due  to
programming  in  in fancy  ra ther  than
in t rau te r ine  l i fe .  Hence  the  p resen t  resu l t
suppor t s  the  s tud ies  tha t  d id  no t  f ind  a
signif icant  associat ion.

of  lung behavior  which determine FVC, as
opposed to FEV

1
, are programmed in infancy

ra ther  than  in t rau te r ine  l i fe .

Mean  FEV
1 

in  our  s tudy  was  no t
significantly different in the two groups. This
was  in  con t ras t  to  wes te rn  s tud ies  where
FEV

1
 repor tedly  decreased wi th  decreas ing

birth weight (2–4, 9, 25–27). In some of these
studies it  was uncertain whether the finding
was  re la ted  to  p remature  de l ivery  than  to
in t ra  u te r ine  g rowth  res t r i c t ion  (2 ,  5 ) .  In
one of the studies the subjects comprised of
very low birth weight (<2 kg) children while
most of the subjects in our study had birth
weight in the range of 2–2.5 kg. Also FEV

1

is an unreliable index of flow in children of
this  age (4) .  A s tudy conducted in  Bri t i sh
women found  a  weaker  pos i t ive  l inear
assoc ia t ion  be tween  b i r th  weigh t  and  a l l
measures of lung function and this could be
due to effect of bias from their use of self
reported birth weight while we used hospital
records  as  an  index  of  b i r th  weigh t  (17) .
Materna l  smoking  dur ing  pregnancy  i s  a
strong determinant of  bir th weight (28)  and
could affect adult lung function (29, 30). In
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