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Abstract  :  Objective :  The present  s tudy was conducted to evaluate  the
effect  of  paternal  smoking on the respiratory function of  adolescents .

Study method : The study group comprised thir ty healthy males between
the ages of 12–18 years whose fathers were smokers (Group 1). They were
compared with age and sex matched thirty active smoker males (Group 2).
The control group comprised age and sex matched thirty males who were
ne i ther  ac t ive  nor  pass ive  smokers  (Group  3) .  Pu lmonary  func t ion  was
assessed using Sibelmed Datospir120B spirometer in a closed room.

Results :  FEV1/FVC ra t io  and  FEF25%–75% (forced  expi ra tory  f low a t
25%–75% of vital capacity) were significantly lower in the subjects exposed
to paternal smoking as compared to non-smokers. Vital capacity & expiratory
reserve volume were significantly lower in active smokers as compared to
n o n - s m o k e r s .

Conclusions :  Our f indings suggest  a  s ignif icant  reduct ion in  indices  of
lung funct ions of  adolescents  exposed to paternal  smoke.
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INTRODUCTION

In the past ,  l i t t le  at tent ion was paid to
the  consequences  of  secondhand smoke on
health. It was considered just another public
nuisance.  However,  today, passive smoking,
or  Envi ronmenta l  Tobacco  Smoke  (ETS)
exposure ,  i s  an  impor tan t  hea l th  concern
wor ldwide .  Numerous  s tud ies  have
highlighted the health consequences of ETS

exposure,  and people exposed to ETS have
been considered to have the same risk profile
as smokers (1, 2).

ETS i s  a  combina t ion  of  s ide-s t ream
smoke,  emi t ted  f rom the  burning end of  a
cigarette, which constitutes about 85% of the
smoke  in  the  room where  ac t ive  smokers
smoke ,  and  the  remainder  o f  main-s t ream
smoke ,  exha led  by  a  smoker .  The  s ide-
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s t ream smoke  conta ins  many  po ten t ia l ly
toxic components, some of which may exist
in even higher concentrations than in main-
s t ream smoke (3) .

It is possible that environmental tobacco
smoke  exposure  may a f fec t  pu lmonary
func t ions  in  a  manner  s imi la r  to  ac t ive
smoking .  A number  of  s tud ies  have
highl ighted several  subt le  as  wel l  as  over t
e f fec t s  o f  ETS on  pu lmonary  func t ion
(4–7).

Very few studies have been conducted to
eva lua te  the  e f fec t  o f  ETS on  pu lmonary
function in developing countries l ike India,
where smoking has been on the rise (8, 9).
Taking  in to  cons idera t ion  env i ronmenta l
condi t ions  l ike  overc rowding ,  poor
vent i l a t ion  in  homes  and  c ramped  l iv ings
condi t ions ,  the  hea l th  e f fec t s  o f  ETS
exposure  may be  even  more  pronounced .
Moreover ,  the  ef fec ts  of  ETS exposure  on
chi ld ren  and  young  adolescen ts  maybe  an
impor tan t  aspec t ,  a s  the i r  resp i ra to ry  and
immune systems are  s t i l l  in  developmental
stages, possibly putting them at greater risk
of being affected by second hand smoke. In
addi t ion,  parental  smoking assumes greater
impor tance ,  as  ch i ld ren  and  adolescen ts
spend  a  lo t  o f  the i r  t ime  a t  home.  Such
considerat ions become even more important
in a country like India, because of its large
child and adolescent population.

METHODS

The  s tudy  was  ca r r ied  ou t  a t  the
Envi ronmenta l  Phys io logy  Labora tory ,
Depar tment  o f  Phys io logy ,  UCMS and
GTB Hospital ,  Delhi.  I t  was a case control
s tudy .

The subjects  of  the  Present  s tudy were
heal thy males  between 12 and 18 years  of
age ,  th i r ty  in  each  group  se lec ted  on  the
basis  of  a  quest ionnaire.

Group 1 – Pass ive  smokers :  Non-smoking
subjec t s  whose  fa thers  had
smoked for greater than or equal
to  one year .

Group 2 – Act ive  Smokers :  Subjec t s  who
had smoked for greater than or
equal  to  one year .

The Control  group (Group 3) comprised
th i r ty  hea l thy  males  f rom the  same age
group  who had  never  smoked ,  nor  were
exposed to ETS at  home.

None  of  the  above  suf fe red  f rom any
acute or chronic respiratory disorder, or any
sys temic  i l lness  tha t  may  d i rec t ly  o r
indirectly affect the respiratory system. None
of  the  subjec ts ’  mothers  were  smokers ,  or
had smoked during pregnancy. Additionally,
wood or  coal  was  not  used for  heat ing  or
cooking  in  any  home.  No female  sub jec t s
were included.

The  pu lmonary  func t ion  tes t s  were
car r ied  ou t  us ing  S ibe lmed Datosp i r120  B
precision spirometer with a built in computer
program,  us ing  the  s tandard  labora tory
methods.  The apparatus provided a detailed
ana lys i s  o f  p red ic ted  and  der ived  va lues .
Anthropomet r ic  measurements  i . e .  he igh t
and weight were recorded for each subject .
Re levan t  da ta  (name,  age ,  sex ,  he igh t ,
weigh t )  was  en te red  in to  the  computer
program. The test module was activated and
the  sub jec t  was  g iven  proper  ins t ruc t ions
about the procedure to be performed. All the
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pulmonary  func t ion  tes t s  were  per formed
wi th  the  sub jec t  comfor tab ly  sea ted  in  an
upr igh t  pos i t ion .  Tes t s  were  done  in  one
sitt ing under standard laboratory conditions.
The  subjec t  was  ins t ruc ted  on  how to  use
the mouthpiece and was asked to breathe in
order  to  fami l ia r ize  h imse l f  wi th  the
equipment.  A nose cl ip was applied during
the  en t i re  p rocedure .  Dur ing  the  t es t ,  the
sub jec t  was  adequa te ly  encouraged  to
per form to  h i s  op t imum leve l .  Tes t s  were
repeated three t imes and the best  matching
resul ts  were considered for  analysis .

S ta t i s t i ca l  ana lyses  were  ca r r ied  ou t
us ing  SPSS 10 .0  s ta t i s t i ca l  package .  The
three  groups  were  compared  on  one  way
ANOVA with a 5% level of significance, using
the  Tukey  tes t .

The study was approved by the Institute’s
Eth ica l  Commit tee  and  a  wr i t ten  in formed
consent was received from each subject. All
procedures followed were in accordance with

the  e th ica l  s t andards  o f  the  Ins t i tu t iona l
Ethical Committee – Human Research of the
Univers i ty  Col lege  of  Medica l  Sc iences ,
Guruteg Bahadur  Hospi ta l ,  Delhi .

RESULTS

Table  I  shows  the  lung  vo lumes  and
capac i t i es  o f  non-smokers ,  ac t ive  smokers
and passive smokers.  Results  show a lower
v i ta l  capac i ty  (VC) ,  t ida l  vo lume (TV) ,
expi ra to ry  rese rve  vo lume (ERV)  and
maximum venti lator volume (MVV) in both
act ive and passive smokers as  compared to
nonsmokers. However, these were significant
only for VC (p = 0.031) and ERV (p = 0.007)
in active smokers (Group 2). The inspiratory
reserve  volume ( IRV),  inspi ra tory  capaci ty
(1C), forced vital capacity (FVC) and forced
expiratory volume in the 1st second (FEV1),
were not significantly different in the three
groups. However, passive smokers (Group 1)
had  s ign i f ican t ly  lower  FEV 1/FVC va lues
(p = 0.021) as compared to non-smokers.

TABLE I : Lung  vo lumes  and  capac i t i e s  in  pass ive  and  ac t ive  smokers  a s  compared  to  non-smokers .

Group 1 : Group 2 : Group 3 :
Parameter Passive smokers Active smokers Non-smokers Signif icance

Non smokers is  significantly different
VC (l) 3 . 6 5± 0 . 8 3 3 . 4 4± 0 .68* 3 . 9 3± 0 . 5 9 f rom ac t ive  smokers
TV (l) 0 . 8 9± 0 . 3 1 0 . 9 5± 0 . 3 1 0 . 9 8± 0 . 3 4 no t  s ign i f i can t

Non smokers is  significantly different
ERV ( l ) 1 . 2 3± 0 . 6 0 1 . 1 5± 0 .49** 1 . 5 8± 0 . 5 4 f rom ac t ive  smokers
IRV (l) 1 . 5 4± 0 . 5 4 1 . 3 4± 0 . 5 5 1 . 3 8± 0 . 5 6 no t  s ign i f i can t
IC (l) 2 . 4 3± 0 . 4 2 2 . 2 9± 0 . 4 3 2 . 3 5± 0 . 4 9 no t  s ign i f i can t
MVV ( l /min) 108 .28± 26 .46 108 .84± 27 .36 119 .65± 26 .55 no t  s ign i f i can t
Bes t  FVC ( l ) 3 . 6 2± 0 . 7 9 3 . 2 9± 0 . 5 7 3 . 4 1± 0 . 4 5 no t  s ign i f i can t
Bes t  FEV1
(l) 3 . 2 8± 0 . 5 5 3 . 0 2± 0 . 4 4 3 . 2 7± 0 . 4 1 no t  s ign i f i can t
F E V 1 / F V C Non smokers is  significantly different
(%) 89 .08± 16 .77* 92 .86± 7 . 9 0 97 .12± 3 . 7 8 f rom pass ive  smokers

*P<0 .05 ;  **P<0 .01
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The flow volume curves in a subject of
each  group  (v iz  pass ive  smokers ,  ac t ive
smokers  and  non-smokers )  a re  shown in
Fig.  1.

DISCUSSION

Several studies have shown that exposure
to  ETS is  associa ted wi th  poor  respira tory

Table  I I  shows  the  f low ra tes  o f  the
three  g roups .  Peak  exp i ra to ry  (PEF)  and
insp i ra to ry  (PIF)  f low ra tes  were  no t
s igni f icant ly  d i f ferent  in  the  three  groups .
However the FEF25-75% (forced expiratory flow
at  25 to  75 percent  of  v i ta l  capaci ty)  was
s ign i f ican t ly  (p = 0 .004)  lower  in  pass ive
smokers  (Group  1)  as  compared  to  non-
s m o k e r s .

TABLE I I : Resp i ra to ry  f low ra tes  in  pass ive  and  ac t ive  smokers  a s  compared  to  non-smokers .

Group 1 : Group 2 : Group 3 :
Parameter Passive smokers Active smokers Non-smokers Signif icance

PEF ( l / s ) 6 . 2 6± 1 . 8 8 6 . 3 3± 2 . 0 2 6 . 2 1± 1 . 3 7 Not  s ign i f i can t
Non smokers is  significantly
different f rom pass ive

FEF25%–75% (l/s) 3 . 5 8± 1 .01** 3 . 8 9± 1 . 1 3 4 . 4 7± 0 . 9 0 s m o k e r s
PIF ( l / s ) 1 . 9 8± 1 . 3 1 1 . 4 9± 1 . 0 8 1 . 0 6± 1 . 3 4 Not  s ign i f i can t

*P<0 .05 ;  **P<0 .01

Fig .  1 : Represen ta t ive  f low vo lume  curves .
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ind iv idua l ly  to  any  harm tha t  may  resu l t
from smoking may have continued to smoke,
while  others  smoked less  or  s topped.

Our results regarding FEV1 and FVC were
not  s ta t i s t i ca l ly  s ign i f ican t  and  somewhat
ambiguous .  Resu l t s  o f  p rev ious  s tud ies
showing the effect of parental  smoking and
exposure to household ETS on FVC are also
incons i s ten t .  Some s tud ies  have  shown a
s ign i f ican t  assoc ia t ion  be tween  mate rna l
smoking and increased FVC (4–16,  18–20),
while others reported a 13.4% decline in FVC
in children who lived with at least one adult
who smoked one or more packs a day (21).
Cook et al. reported only a borderline effect
of ETS on FVC, and Venners et al. reported
smal l  bu t  de tec tab le ,  a lbe i t  s t a t i s t i ca l ly
insignif icant ,  defici t  in FVC in children of
smoking fathers as compared to children of
non-smoking fathers (22, 4).  There has also
been a  report  of  f inding no consis tent  and
significant trend of reduced FVC (23). Results
of previous studies regarding FEV1 are more
consistent,  with a majority showing a lower
FEV1 in children exposed to parental smoking
(22) .  However ,  the re  a re  a l so  repor t s  o f
statist ically insignificant deficits as well  as
no significant trend of reduced FEV1 (4, 23).

Previous  s tud ies  on  e f fec ts  of  pa te rna l
smoking  have  a l so  y ie lded  incons i s ten t
results .  Among some studies comparing the
ef fec t s  o f  mate rna l  smoking  and  pa te rna l
smoking ,  near ly  a l l  r epor t  the  e f fec t  o f
maternal smoking to be greater than that of
paternal smoking (often reported to be zero),
and none found a significant effect of smoking
by the father alone (20, 24–28). On the other
hand,  there have been a  number of  s tudies
showing a clear  effect  of  paternal  smoking
(18,  19,  23,  29) .  Confounding by maternal

hea l th  in  ch i ld ren  (10–12) .  More  recen t
s tud ies  have  a l so  demons t ra ted  th i s  e f fec t
in adults (13).

In the present  s tudy,  two parameters  of
lung function were found to be significantly
lower  in  pass ive  smokers  as  compared  to
non-smokers. A significantly lower FEV1/FVC
ratio, as seen in the current study, suggests
an obstructive effect of ETS. This finding is
cons i s ten t  wi th  p rev ious  s tud ies  showing
a  lower  ra t io  in  ch i ld ren  exposed  to  ETS
(14–16).

FEF 25–75% ind ica tes  f low ra tes  in  smal l
airways, i .e. airways with internal diameters
less  than 2  mm, which i s  reduced in  both
restr ict ive and obstruct ive diseases (17) .  A
signi f ican t ly  lower  FEF 25–75% in  sub jec t s
exposed to paternal smoking as compared to
non-smokers ,  as  repor ted  in  th i s  s tudy ,  i s
a l so  cons i s ten t  wi th  f ind ings  o f  p rev ious
studies showing lower FEF25–75% as an effect
of  paternal  smoking (18,  19).  These values
were also lower in active smokers, but were
not  s tat is t ical ly s ignif icant .

In  our  s tudy ,  VC and  ERV were
significantly lower in active smokers. Other
pu lmonary  func t ion  tes t  parameters  were
also low in these subjects, but did not reach
the level of statistical significance. A reason
for  th i s  may  be  tha t  the  ac t ive  smokers
se lec ted  in  the  p resen t  s tudy  had  been
smoking for  just  2–3 years ,  while  in  other
s tud ies  sub jec t s  were  chron ic  smokers  fo r
many years .  This  s tudy  may a l so  have
become biased by the ‘healthy smoker’ effect
i.e. those subjects already smoking could be
‘hea l thy  smokers ’  o r  ‘ surv ivors ’  o f  the
det r imenta l  e f fec ts  of  c igare t te  smoke (6) .
This  means  tha t  those  l ess  suscep t ib le
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smoking  due  to  se lec t ion  of  fami l ies
inc lud ing  smoking  mothers  might  be  an
impor tan t  reason  the  above  ment ioned
s tud ies  have  no t  de tec ted  an  e f fec t  o f
paternal smoking (20, 24–28). Effects due to
paternal  smoking may also be reduced due
to  shor te r  dura t ion  of  con tac t ,  a s  mos t
fa thers  a re  working .

There  a re  some l imi ta t ions  tha t  may
inf luence  the  in te rpre ta t ion  of  our  c ross
sectional results. Exposure to tobacco smoke
was  assessed  re t rospec t ive ly  us ing
quest ionnaire  responses,  and this  s tudy did
not  permi t  inves t iga t ion  of  cumula t ive
exposure to paternal smoking in relation to
a subject’s pulmonary function. Our data did
not  permit  any invest igat ion of  the  effects
of  p rena ta l  ve rsus  pos tna ta l  exposure  to
paternal smoking. Although use of wood or
coal  as  a  household fuel  was excluded,  we
were  unable  to  de te rmine  the  ex ten t  o f
indoor  a i r  po l lu t ion  in  the  homes  of  the
subjects. There was no quantification of ETS
exposure, such as cotinine levels or cotinine/
c rea t in ine  ra t io  (1 ) .  Thus ,  the  e f fec t  o f
changes  in  ETS exposure  on  the  sub jec t s
could  no t  be  t aken  in to  account .  Any
variation in the degree to which the subjects’
fa thers  smoked ins ide  or  outs ide  the  home
was  a l so  unaccounted  for .  The  leve l  o f
community pollution could not be taken into
account ,  which  has  been  shown to  have

effects similar in magnitude to the effects of
home exposure  to  pass ive  smoke  on
respiratory condit ions (23).  In addit ion,  we
lacked information on a number of potential
confounders ,  such  as  mate rna l  nu t r i t ion
s ta tus  and  in take  of  a lcohol ,  o r  o ther
po ten t ia l ly  tox ic  subs tances ,  dur ing
pregnancy .

Longi tud ina l  s tud ies  a re  requ i red  to
determine the l i fe long impact  of  chi ldhood
exposure to ETS in a population with a high
prevalence of  tobacco use among men,  and
to  de te rmine  whether  the  e f fec t s  seen  in
cross - sec t iona l  s tud ies  a re  revers ib le .  In
addition, longitudinal studies of lung function
in  re la t ion to  cot in ine  levels  are  required ,
as they could take into account changes in
ETS exposure  as  ch i ld ren  spend  less  t ime
with parents while they grow older, and thus
their ETS exposure falls even while parental
smoking  hab i t s  remain  cons tan t .  However ,
we can conclude that  exposure  to  paternal
smoking  has  a  s ign i f ican t  e f fec t  on  lung
func t ions  o f  ado lescen ts .  In  add i t ion ,
signif icantly lower FEV1/FVC and FEF25–75%

in  Group 1  subjec ts  sugges t  a  de t r imenta l
obstructive effect of ETS, and a detrimental
e f fec t  on  the  smal l  a i rways ,  respec t ive ly .
Thus ,  i t  i s  impor tan t  to  emphas ize  tha t
exposure  to  ETS,  espec ia l ly  in  the
developmental stages in life, may have effects
as profound as those of active smoking.
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