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Abstract :  Air conditioning may affect human health since it has profound
effec t  on  our  envi ronment ,  than  jus t  lower ing  tempera ture .  The  present
s tudy  was  p lanned  to  a s sess  the  e f fec t  o f  a i r  cond i t ione r s  (AC)  on
pulmonary functions in young healthy non-smoker males. The study group
comprised of ten subjects who were using AC’s in their cars for at  least
1 hr daily since last 6 months. While ten subjects who did not use AC at
al l  served as  controls .  The pulmonary funct ions were assessed using PK
Morgan 232 spirometer  in a  closed room. The peak expiratory f low rate
(PEFR)  and  Forced  exp i ra to ry  f low be tween  25–75% of  v i t a l  capac i ty
(FEF25–75) were significantly reduced in subjects using car AC’s. Inspiratory
flow rates also showed a trend towards decline in AC users but could not
reach the level of significance. The lung volumes and capacities were not
s ign i f i can t ly  d i f f e ren t  in  the  two  g roups  excep t  fo r  fo rced  exp i ra to ry
volume in 0.5 sec (FEV 0.5 sec),  which also decreased in AC users. The
airway res is tance and lung compliance did  not  show s ignif icant  change.
In the presence of normal FEV1, reduced FEF25–75%, which is the flow rate
over  the  middle  ha l f  o f  v i ta l  capac i ty ,  i s  an  ev idence  of  mi ld  a i r f low
limitation. The result  is suggestive of predisposition of AC users towards
respira tory  disorders  in  form of  mild  a i r f low res t r ic t ion.
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for  c l in ica l  (1 ,  2 )  and  ep idemio log ica l
purposes  (3 ) .  I t  has  been  observed  tha t
hyperven t i l a t ion  of  co ld  d ry  a i r  causes
bronchoconstriction in asthmatic patients (4,
5 ) .  Cold  dry  a i r  i s  wha t  we  inha le  whi le
us ing AC’s;  hence  a l tera t ion in  pulmonary
functions may also be simulated in AC users.

Modern  s ty les  of  l iv ing  in  urban areas
have been considered potentially responsible
for  the  deve lopment  o f  a i rway  a l le rg ic
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INTRODUCTION

Air  condi t ioners  (AC)  a re  used
ex tens ive ly  these  days  indoor  as  wel l  as
while travelling. The air inside is cooled at
the expense of air outside. The reduction in
humidi ty  o f  the  a i r  be ing  cooled  i s  due
to  the  condensa t ion  of  wate r  vapors .
Hyperven t i l a t ion  of  co ld  a i r  has  ga ined
popular i ty  over  the  pas t  years  as  a  means
of assessing bronchial  hyper responsiveness
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d i seases  due  to  p ro l i fe ra t ing  house  dus t
mites  & increasing concentrat ion of  indoor
ai r  pol lu tants ,  which lead to  the  e levat ion
of serum Ig E levels or the enhancement of
eos inophi l  ac t iv i ty  (6–8) .  One  of  the
component  in  modern l i fes tyle  is  in tensive
use of AC’s, which has increased the risk of
a top ic  sens i t i za t ion  (9 ,  10) .  Whi le  the
absence of  a i r  condi t ioners  and use of  hot
wate r  hea t ing  sys tems  i s  a l so  repor ted  to
have a negative relationship with FEV1 (11).
Increased  preve lance  of  IgG induced
sensitization and hypersensitivity pneumonitis
is reported in persons exposed to aerosols of
contaminated  AC’s  (12) .  Whi le  f luor inated
hydrocarbons collectively referred as freons
have  been  shown to  resu l t  in  widespread
tox ic i ty  a f te r  acc iden ta l  o r  in ten t iona l
inha la t ion .  Freon  inha la t ions  may  lead  to
the  produc t ion  of  ca rd iac  a r rhy thmias .
Freons  pr imar i ly  se rve  as  p rope l lan t s  and
are widely used in cooling systems (13).

The  above  s tud ies  ind ica te  a  l ink
be tween  the  use  of  AC’s  and  var ious
cardiorespira tory  funct ions .  To the  bes t  of
our knowledge there is no study showing the
ef fec t  o f  AC’s  on  var ious  pu lmonary
func t ions .  There fore  the  p resen t  s tudy
was  p lanned to  evalua te  the  lung funct ion
tests of young healthy nonsmokers using car
AC’s.

M E T H O D S

Students of University College of Medical
Sciences between 18–28 years  of  age were
assessed for their pulmonary functions.  The
subjects were divided into two groups based
upon usage of car AC’s. Group I constituted
ten subjects who were using car AC’s for at
l eas t  1  h r  da i ly  fo r  the  pas t  6  months .

Record ings  were  done  wi th in  one  hour  o f
us ing  AC be tween  9–11  am.  Whi le  t en
subjects who did not use AC’s either in car
or  anywhere  e l se  cons t i tu ted  group  I I .
Exclus ion cr i ter ia  were :

• Presence  of  any  acu te  o r  chron ic
resp i ra to ry  d i sorder

• Sys temic  i l lness  which  d i rec t ly  o r
indirect ly affects  the respiratory system

• S m o k e r s

• Use of car AC’s on irregular basis or for
less than 1 hr  dai ly.

Anthropomet r ica l  measurements
inc lud ing  age ,  he igh t  and  weigh t  were
recorded .  Fur ther  a  p re l iminary  c l in ica l
examination was carried out on the subjects
to rule out  any medical  problems.

The pulmonary function test was carried
out using Spiro 232 of PK Morgan with built
in  computer  p rogram,  us ing  the  s tandard
labora tory  methods .  The ques t ionnai re  was
f i l l ed  up  & the  re levan t  da ta  (name,  age ,
sex,  height,  weight,  occupation,  smoker/non
smoker) was entered into the computer. The
tes t  module  was  now ac t iva ted  and  the
subject  was given proper instructions about
the  procedure  to  be  per formed.  Al l
pulmonary funct ion tests  were done on the
subjec t s  comfor tab ly  sea ted  in  an  upr igh t
posi t ion.  The subject  was connected to the
mouthpiece  and  was  asked  to  b rea the  in
order  to  fami l ia r ize  h imse l f  wi th  the
equipment. During the tests the subject was
adequa te ly  encouraged  to  per form a t  the i r
op t imum leve l  and  a l so  a  nose  c l ip  was
appl ied  dur ing  the  en t i re  maneuver .  Tes t
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was repeated at  least  3  t imes and the best
match ing  resu l t s  were  cons idered  for
analysis. All recordings were done at BTPS.
Res idua l  vo lume,  Func t iona l  res idua l
capac i ty ,  To ta l  lung  capac i ty ,  a i rway
res i s tance  and  compl iance  a re  der ived
va lues ,  res t  a l l  a re  measured  by  the
machine. The algorithms used for calculation
have been val idated for  Indian populat ions
wi th  the  new sof tware  added  up  to  the
m a c h i n e .

The outcome of pulmonary function tests
was  presented  as  a  mean ± SD for  each  of
the  parameter .  The  two groups  were
compared by applying unpaired ‘t’  test  and
P value of less than 0.05 was considered as
s ign i f ican t .

R E S U L T S

The  an thropomet r ic  parameters  o f  the
subjects and the controls are shown in Table
I .  No  s ta t i s t i ca l  d i f fe rence  was  observed
between the  groups  on  these  parameters .

Al l  the  exp i ra to ry  f low ra tes  were
signif icant ly  decreased in  AC users  (Table
I I ) .  The  a i rway res i s tance  and  compl iance
of  the  lungs  d id  no t  show a  s ign i f ican t
change (Table II) .

The lung volumes and capacit ies (Table
II I )  were  not  s ignif icant ly  d i f ferent  in  the
two groups  excep t  fo r  fo rced  expi ra to ry
volume in  0 .5  sees  (FEV0.5) ,  which  was
signif icantly decreased in AC users .

TABLE I : Anthropomet r i c  pa ramete r s .

M e a n ± S D
P a r a m e t e r s

Group I Group I I
AC users None  AC

Age (yrs) 21 .75± 3 .33 20 .00±2 .16

Height  (cms) 177 .63± 9 .30 179 .29±6 .05

Weight  (kg) 68 .38± 13 .02 74 .71±17 .20

TABLE II : Flow rates (Liter/min) & Lung mechanics.

Group I Group I I
AC users None  AC

n=10 n=10

P E F R 6 .18±2 .30 9 .05±3.57*
F E F 2 5 5 .66±2 .48 8 .51±2.97*
F E F 5 0 4 .84±1 .89 6 .64±1.47*
F E F 7 5 2 .92±1 .08 3 .92±0.82*
F E F 2 5 – 7 5 4 .38±1 .66 6 .05±1.27*
Ai rway  r e s i s t ance 2 .41± 1 .37 1 .61±0 .50
Compliance (L) 0 .13±0 .01 0 .12±0 .05

*P<0 .05

TABLE III : Lung volumes  & capac i t ies  (Li te rs ) .

Group I Group I I
AC users None  AC

n=10 n=10

F E V C 3.79±0 8 6 4 .22±1 .26

F E V 0 . 5 2 . 1 8± 0 .79 2 .98±0.89*

F E V 1 3 .34±0 .74 4 .09±1 .13

FEV1/FVC 90 .41± 15 .87 97 .46±0 .93

E R V 0.82±0 .71 1 .04±0 .52

RV 1.22±1 .07 0 .68±0 .34

F R C 1.89±1 .83 1 .95±1 .51

T L C 4 .96±1 .74 4 .90±1 .59

MVV 128 .84± 27 .60 134 .10±22 .35

*P<0 .05
Res idua l  vo lume ,  Func t iona l  r e s idua l  capac i ty .
To ta l  lung  capac i ty ,  a i rway  res i s t ance  and
compl iance  a re  de r ived  va lues ,  r e s t  a l l  a re
measured  by  the  mach ine .  The  a lgor i thms  used
for  ca lcu la t ion  have  been  va l ida ted  fo r  Ind ian
populations with the new software added upto the
m a c h i n e .
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D I S C U S S I O N

The results of the present study show a
pred ispos i t ion  of  AC users  towards
respiratory dysfunction.  There is  a  defini te
impai rment  in  the  exp i ra tory  f low ra tes
especia l ly  the  FEF 25–75%,  which i s  the  f low
rate over the middle half of the forced vital
capaci ty  (FVC),  In  the  presence of  normal
FEV1, reduced FEF 25–75% is  an evidence for
mild  a i r f low l imita t ion (14) .  This  index is
recommended as  a  sc reening  tes t  for  mi ld
air f low l imita t ion.

Peak  expi ra to ry  f low ra te  i s  a l so
s ign i f ican t ly  decreased  in  sub jec t s  us ing
AC’s .  PEFR ref lec ts  mainly  the  ca l iber  of
the  b ronchi  and  la rger  b ronchio les ,  which
are  subjected to  ref lex  bronchoconstr ic t ion
(14) .  Bronchocons t r ic t ion  in  as thmat ic
subjects has been reported on hyperventilation
of cold dry air (1). It has also been reported
in  the  above  s tudy  tha t  inc reas ing  the
duration of ventilation from 2 to 3 minutes
causes a significant fall in FEV1. The level
of  ven t i l a t ion ,  more  than  the  dryness  o f
temperature of the inspired air was reported
to  be  the  p r inc ipa l  de te rminant  o f  the
magnitude of bronchoconstriction induced by
cold dry air (15).

Cold dry air is inhaled through AC’s and
hence the alterations in pulmonary functions
may be simulated in AC users.  The results
of present study are also indicating towards
early stages of airflow limitation. Since all
the  sub jec t s  o f  the  p resen t  s tudy  were
driving their  cars  themselves,  the direct ion
of the blow of air was directly on their face,
which may be one of the reasons for these
changes. In order to study the effect of AC

on pulmonary funct ions  only car  AC users
were  se lec ted  in  the  p resen t  s tudy  as  the
size of room, the direction of blow of air etc
could not be kept uniform for all the subjects
in room AC users. Also all our subjects were
nonsmokers  and  none  were  suf fe r ing  f rom
upper  respira tory  t rac t  infect ion hence our
resu l t s  cannot  be  re la ted  to  these  fac tors
which influences the bronchial responsiveness
the  mos t .

Repeated  cool ing and  dessicat ion  of
per iphera l   a i rways   can   cause   a i rway
remodel l ing s imilar  to  that  seen in  as thma
(16). Personal smoking and intensive use of
AC’s  appeared  to  be  pos i t ive ly  re la ted  to
atopic sensitization and enhanced eosinophil
activity (10). Probably living conditions, such
as  indoor  dampness  and  poor  ven t i l a t ion
increases  the  exposure  to  indoor  a i r
po l lu tan t s  (6 ) .  Crude  wate r  ex t rac t s  o f
contamina ted  AC’s  a re  the  an t igen-source
of  the  hypersens i t iv i ty  pneumoni t i s
in  exposed  workers  (12) .  Moreover
contaminat ion  of  home,  of f ice  and  car  a i r
condi t ioners  wi th  fungi  has  been  repor ted
to  cause  hypersens i t iv i ty  pneumoni t i s
(17, 18).

The exclusion of particulate allergens by
window AC’s has also been reported (19). A
s tudy  in  the  USA sugges ted  tha t  mi te
a l le rgens  de tec ted  in  the  dus t  samples  are
reduced  by  the  use  o f  a i r  condi t ioners  in
summers  because  of  the i r  wate r  d ra inage
effec ts  (20) .  Another  inves t iga tor  repor ted
tha t  a i r  condi t ion ing  cou ld  reduce  mi te
density,  if  i t  decreases relative humidity to
be low 50% (21) .  On the  o ther  hand  a
Japanese  s tudy  found  tha t  spec i f ic  mi te
popula t ions ,  inc lud ing  Der  p ,  were
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s ign i f ican t ly  h igher  in  homes  wi th  a i r
condit ioning (22) .  The intensive use of  air
condi t ioners  is  l ikely  to  reduce the  indoor
abso lu te  humid i ty  in  compar i son  to  the
outdoor level. However the relative humidity
in a room with AC rapidly increases locally
near  the  wal l  and  f loor  when  the  a i r
conditioning stops and the outdoor air enters
(22), because the relative humidity becomes
higher  as  the temperature decreases due to
reduced  sa tura ted  vapor  p ressure ,  thus
leading to a favorable local climate for mite
pro l i fe ra t ion .  The  in tens ive  use  o f  AC’s
cannot  reduce  re la t ive  humidi ty  be low the
level of mite survival., but instead creates a
mite  f r iendly  local  environment  in  the  hot
and humid climate of the area studied (10).
Our subjects used AC’s in their cars during
the  ho t  humid  envi ronment ,  which  i s  the
c l imate  p rone  for  the  g rowth  of  var ious
al lergens .  Most  of  our  car  AC users ,  used
AC’s  even  a t  home hence  the  domes t ic
fac tors  mus t  a l so  be  con t r ibu t ing  to  the
r e s u l t s .

Chi ld ren  who l ived  in  homes  wi th  ho t
wate r  hea t ing  sys tems  wi th  no  AC’s  had
mean  FEV1 lower  than  the i r  counte rpar t s
who lived in homes with forced air heating
and  a i r  condi t ion ing  (11) .  In  the i r  s tudy
many domes t ic  fac tors  were  cons idered  in
addition to use of AC, like use of gas stoves,
hea t ing  dev ices ,  c rowded  homes ,  smokers
etc.  The frequency of observations of pairs
of exposure variables showed that those with
AC also had more electric stoves and lived
in less  crowded homes.  There resul ts  must
be biased due to these combination of factors.
Whi le  in  our  s tudy  on ly  one  fac tor  was
cons idered ,  and  none  of  our  sub jec t s

belonged to low socioeconomic status.

Thus AC does more to our environment
than  jus t  lower ing  tempera ture .  AC’s  and
cen t ra l  AC sys tems  can  have  a  p rofound
impac t  on  qua l i ty  o f  a i r  we  brea the .  The
technica l ,  hyg ien ic  and  microb io log ica l
feature of air intakes must be better insured
in order to avoid the air intake becoming a
r i sk  component  as  regards  con tamina t ion
and indoor  a i r  qual i ty .

There  can  be  inva l id  forced  expi ra tory
maneuvers in some of  our subjects  but  the
maximal flow volume curves of our subjects
a re  showing  normal  insp i ra to ry  and
expi ra to ry  phases .  Moreover  the  normal
range of FEV1/FVC ratio depending on age
is between 51% to 97% in males and 63% to
96% in females (14). One of the reasons of
the  va lues  coming  on  the  h igher  s ide  of
normal  range  can  be  the  younger  age  and
middle or high socio economic status of our
sub jec t s .

We plan to extend the study in a larger
population, as some insignificant values may
show some consistency. The study can also
be  done  in  subjec ts  us ing  AC for  vary ing
durat ion and corre la t ing i t  wi th  the  extent
of  impai rment  in  pu lmonary  func t ions .
Bes ides  more  parameters  can  be  assessed
l ike  par t i c ipa te  mat te r  humid i ty  l eve l ,
ambient temperature, airflow velocity of air-
condi t ioned  room/car ,  space  to  which  the
subjects are exposed during air conditioning.
This will further show as to how the quality
of  a i r  we  brea the  dur ing  a i r  condi t ion ing
affect  our  respira tory funct ions .
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