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INTRODUCTION 
 
Air-conditioners (AC) are devices/systems 
that are used indoors to cool air by 
reducing the humidity of the air following 
condensation of the water vapour. It is 
observed that hyperventilation of cold dry 
air causes bronchoconstriction in asthmatic 

patients.
[1,2] 

Modern styles of living in urban 
areas are considered potentially 
responsible for the development of airway 
allergic diseases due to proliferation of 
house dust, mites, and increasing 
concentration of indoor air pollutants which 
lead to elevation of serum IgE levels or the 
enhancement ofoesinophilactivity.

[3,4]
 One 
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of the components in modern lifestyle is 
intense use of air-conditioners (AC) which 
has increased the risk of atopic 
sensitization.

[5,6] 
Increased prevalence of 

IgG induced sensitisation and 
hypersensitivity pneumonitis are reported 
in persons exposed to aerosols of 
contaminated AC.

[7] 
Common complaints 

among ACusers include mucous 
membrane irritation, breathing difficulties, 
irritated skin and constitutional/neurological 
symptoms such as headache and fatigue.

[8] 

 
The present study was sought to evaluate 
the effect of AC exposure on pulmonary 
function tests in healthy non-smokers. 

 
METHODOLOGY 
 
The study included 100 subjects who were 
using AC (temperature was maintained 
constantly between 18 and 22

0
C for at 

least 6-8 hours daily for the past 2 years, 
selected from the ICFAI Business School, 
Punjagutta, Hyderabad and Sagacia Soft 
Technologies, Somajiguda, Hyderabad, 
and 100 subjects who were not using AC. 
Subjects were between 18 and 45years. 
The study was approved by Ethical 
Committee of the institution, and informed 
consent was obtained from each subject. 
 
Exclusion criteria included presence of any 
respiratory disorders, systemic illness that 
affects the respiratory system directly or 
indirectly, smoking, and the use of AC on 
an irregular basis. 
 
Forced vital capacity (FVC), Forced 
expiratory volume in 1 second(FEV1), 

andFEV1/FVC were studied in the subjects 
using Medspiror.  
 
Statistical analysis 
Values are presented as mean ± SD for 
each of the parameter. Both groups were 
compared by using unpaired T- test. The 
P-value of less than 0.05 was considered 
significant. The data obtained were 
analyzed partly manually and partly 
computerized by using statistical software, 
Microsoft Excel and SPSS10 for windows 
to arrange the data statistically. 
 

RESULTS 
 
Study group contained 100 subjects (65 
males and 35 females) using AC for at 
least 6 to 8 hours daily for the past 2 years 
between the age group of 18-45 years and 

control group contained 100 subjects (65 
males and 35 females) who were not using 
AC at all between the same age groups 
were selected for the study. The pulmonary 
function tests (FVC, FEV1, and FEV1/FVC) 
were conducted on the study and control 
groups. 
 
Forced Vital Capacity (FVC) 
The mean values for FVC in male subjects 
in study group were 2.73 and 3.41 in the 
control group. This was statistically 
significant (<0.001). The mean values for 
FVC in female subjects were 2.2 and 2.11 
in controls. This was not statistically 
significant (>0.005). 
 
Forced Expiratory Volume (FEV1) 
The mean values for FEV1 in male 
subjects were 2.49 and 2.71 in controls. 
This was statistically significant (<0.01). 
The mean values for FEV1 in female 
subjects were 1.99 and 1.86 in controls. 
This was not statistically significant (>0.05). 
 
FEV1/FVC 
The mean values for FEV1/FVC in male 
subjects were 90.8 and 85.7 in controls. 
This was not statistically significant (>0.05). 
The mean values for FEV1/FVC in female 
subjects were 87.5 and 87.5 in controls. 
This was not statistically significant (>0.05). 
 
As FVC and FEV1 were found to be 
significantly reduced and FEV1/FVC was 
found to be normal, this is suggestive of 
restrictive type of respiratory disorders in 
AC users. 
 

DISCUSSION 
 
The results of the present study showed 
that AC users are predisposed to 
respiratory dysfunction. It was revealed 
that increasing the duration of ventilation 
from 2-3 minutes causes a significant fall in 
FEV1

.[8-10]
The level of ventilation more than 

the dryness of temperature of the inspired 
air is reported to be the principal 
determinant of the magnitude of 
bronchoconstriction induced by cold dry 
air.

[8]
 

 
A significantly lower FEV1 value is 
consistent with the previous studies done 
on children who lived in homes with hot 
water heating systems with no AC had 
mean FEV1 lower than their counter parts 
who lived in homes with air heating and air 
conditioning systems.

[9] 
In their study, many 
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domestic factors were considered in 
addition to AC like use of gas stoves, 
heating devices, crowded homes, and 
smokers.

[9]
The frequency of observations 

of pairs of exposure variables showed that 
those with AC also had more electric 
stoves and lived in crowded homes.

[9]
 

These results must be biased due to these 
combinations of factors. In this study, only  
 
 

two factors were considered, the use of AC 
and smokers and no subjects was in the 
low socio-economic status. In the present 
study, FEV1/FVC values were not 
statistically significant. PEFR is also 
significantly reduced in subjects using AC. 
This finding is consistent with previous 
studies done by Khaliq et al.

[10]
 in subjects 

using car AC.  
 

 
Table 1: FVC in subjects and controls in both males and females 

 
Table 2: FEV1 in subjects and controls in both males and females 

 

FEV1 

AC users Non-AC users 

 MEAN SD MEAN SD P-value 

MALES 2.49 0.46 2.71 0.41 Significant 

FEMALES 1.99 0.49 1.86 0.29 Not significant 

 
  

 

Table3: FEV1/FVC in subjects and controls in both males and females 
 

 FEV1/FVC 

                      AC users Non- AC users 

 
MEAN SD MEAN SD P-value 

MALES 90.8 4.2 85.7 5.57 Not Significant 

FEMALES 87.5 6.89 87.5 6.96 Not significant 

 
 
 

Table 4: Variable comparison the male subjects and controls  

 
 
 

FVC 

AC users Non-AC users    

 MEAN SD MEAN SD P-Value 

 MALES 2.73 0.46 3.41 0.46 Significant 
 

FEMALES 2.2 0.51 2.11 0.28 Not significant 

 

 
 

 

MALES 
 

 
SE T P RESULT 

 
AGE 1.036 0.6 > 0.05 Not Significant 

 

HEIGHT 1.2 0.95 > 0.05 Not Significant 
 
 

WEIGHT 1.44 0.63 > 0.05 Not Significant 
 

FVC 0.08 5.75 <0.001 Significant 
 

FEV1 0.08 2.75 < 0.01 Significant 
 

FEV1/FVC 0.9 0.66 > 0.05 Not Significant 
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Table 5: Variable comparison the female subjects and controls  
 

FEMALES 

 
SE T P RESULT 

AGE 1.04 1.2 > 0.05 Not Significant 

HEIGHT 1.24 0.56 > 0.05 Not Significant 

WEIGHT 1.34 1.71 >0.05 Not Significant 

FVC 0.098 1 >0.05 Not Significant 

FEV1 0.09 1.3 >0.05 Not Significant 

FEV1/FVC 1.65 0 >0.05 Not Significant 

 
 
Air conditioners in cars also have their 
problems, micro organisms have been 
formed with in the units that may cause 
breathing problems.

[10,21] 
In order to study 

the effect of AC on pulmonary functions, 
only people working in software offices 
were selected as these people work 
constantly using AC for a minimum of 6-
8hours in their offices. Also all the subjects 
were non smokers and none were suffering 
from upper respiratory tract infections; 
hence the results of this study cannot be 
related to these factors which influence the 
bronchial responsiveness. Repeated 
cooling and desiccation of peripheral 
airways can cause airway remodeling 
similar to that seen in asthma.

[11]
 

 
Naturally ventilated building have fewer 
asymptomatic occupants than those from 
air conditioned offices despite 
measurements of air quality being better in 
air conditioned buildings.

[12] 
The major 

factors controlled by air conditioning can 
have both positive and negative effects, 
the balance often been decided by post-
design factors, particularly plant and 
system maintenance.

[13] 
The main factors 

which have been studied include fresh air 
ventilation rates, temperature, humidity, 
dust and microbial content of the air.

[13,14]
 

There are studies showing relationship 
between ventilation rate and symptoms.

[14]
 

With air conditioned buildings, it is likely 
that low ventilation rates of less than 10, 
liters per second per person are associated 
with increased symptoms.

[14] 

 

Within a group of air conditioned buildings, 
there is a positive correlation between the 
number of fungal colony forming units and 
building sickness. Pickering et al. studied a 
building with a clean room, the room being 
positively pressurized and supplied with air 
from high grade filters.

[15]
 The microbial  

load in the clean room was 125cfu/m
3
 

compared with 400cfu/m
3
 for the area 

supplied by the standard air conditioning 
systems.

[15]
 The total dust levels were also 

halved in the clean room.
[15] 

 
Studies of the relationship between 
ventilation types, sick building syndromes 
and sickness absence have been made in 
groups of workers employed by the same 
government department.

[16]
 One group of 

workers moved from naturally ventilated 
offices to an air conditioned buildings, the 
other group moved in opposite direction.

[16]
 

Sickness absence was collected 
prospectively. The differences in sickness 
absence were small with 6 days per 100 
workers per month. Less sickness absence 
in those working in naturally ventilated 
buildings.

[16]
 

 
Sickness absence due to the sick building 
syndrome was also studied in the Dutch 
multi-building cross-sectional study.

[17] 
In 

addition to this; many people have been 
made sick by extreme variances between 
outside and inside temperatures.

[17]
 For 

example, going from an outside 
temperature of over 100

0
F to an inside one 

of less than 78
0
F is bound to play havoc 

with one’s health.
[17] 

 
It takes 60% more energy to cool a home 
to 72% than it does to 78%.

[18]
 In fact, as 

an energy saving measure, the United 
States government issued a directive in 
1980 making it illegal to cool public 
buildings below 78%.

[18]
 A study in the USA 

suggested that mite allergens detected in 
the dust samples are reduced by the use of 
air conditioners in summer because of their 
water drainage effects.

[18] 
On the other 

hand, a Japanese study found that specific 
mite populations were significantly higher 
in homes with air conditioning.

[19] 
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Post-operative fungal infections may be 
caused by discharge of spores from 
contaminated air conditioning units.

[20]
 The 

filters of such units may act as a nidus for 
the growth of fungi according to the study 
done in 25 operating theatres in India over 
2 years.

[20]
 The overall rate of fungal 

colonization of the AC filters was 26%.
[20]

 In 
addition window mounted AC units had 
higher fungal counts than wall mounted AC 
units.

[20] 

 

Thus AC does more to our environment 
than just lowering the temperature. It has a 
profound effect on the quality of air we 
breathe and on our respiratory system than 
just lowering the temperature. However, a 
long term project in a larger cross section 
of subjects using AC for varying duration, 
and evaluating parameters like height, 
weight, BMI, ambient temperature, air flow 
velocity of the air conditioned room, space 
to which the subjects are exposed during 
air conditioning, history of allergy, and 
correlating with the extent of impairment in 
pulmonary functions can be done. 
 

REFERENCES 
 
1. Caire N, Cartier A, Ghezzo H 
and MaloGL.Influence of the duration of 
cold dry air on the resulting bronch Van 
Strien RT, Gehring U, Belanger K, Triche 
E, Gent J, Bracken MB, Leaderer BP. The 
influence of air conditioning, humidity, 
temperature and other household 
characteristics on mite allergen 
concentrations in the northeastern United 
States. Allergy 2004;59:645–652. 
2. Malo JL, Cartier A, L 
Archeveque J, Ghezzo H, Martin RR. Cold 
air inhalation has a cumulative 
bronchospastic effect when inhaled in 
consecutive doses for progressively 
increasing degrees of ventilation. Am Rev 
Respir Dis1986;134:990– 993. 
3. Takaoka M. House dust mites 
in the Japanese indoor environment. 
Allergology 1997;4:367-373. 
4. Van Strien RT, Gehring U, 
Belanger K, Triche E, Gent J, Bracken MB, 
Leaderer BP. The influence of air 
conditioning, humidity, temperature and 
other household characteristics on mite 
allergen concentrations in the northeastern 
United States. Allergy 2004;59:645-652. 
5. De Filippis P, Spinaci A, Cola 
M, Maggi O, Pana A. Effectiveness of the 
maintenance operations on the air 
conditioning systems of a university 

building in relation to the microbiological 
quality of the air indoor. Ig Sanita Pubbl 
2003;59:365–372. 
6. Kuwahara Y, Kondoh J, Tatara 
K, Azuma E, Nakajima T, Hashimoto M, 
Komachi Y. Involvement of urban living 
environments in atopy and enhanced 
eosinophil activity: potential risk factors of 
airwayallergic symptoms. Allergy 
2001;56:224–230. 
7. Baur X, Richter G, Pethran A, 
Czuppon AB, Schwaiblmair M. Increased 
prevalence of IgGinduced sensitization and 
hypersensitivity pneumonitis (humidifier 
lung) in nonsmokers     exposed to 
aerosols of a contaminated air conditioner. 
Respiration 1992;59:211–214. 
8. Deal EC, Me Fadden ER, 
Ingram RH, Strauss RH, Jaeger JJ. Role of 
respiratory heat exchange in production of 
exercise induced asthma. J Appl Physiol: 
Respirat Environ Exercise Physiol 
1979;46:467–475.   
9. Hosein HR, Corey P, Robertson 
J Mc D. The effect of domestic factors on 
respiratory symptoms and FEV1. Int J 
Epidemiology1989;18:390–396.12. 
10. Farah Khaliq, Sameer Sharma, 
O.P.Tandon. Pulmonary functions tests in 
car AC users. Indian J Physiol Pharmacol 
2006;50:67-72. 
11. Davis MS, Schofield B, Freed 
AN. Repeated peripheral airway 
hyperpnoea causes inflammation and 
remodeling in dogs. Med Sci Sports Exerc 
2003;35:608–616. 
12. Burge Ps, Hedge A, Wilson S, 
Harns–Bass J, Robertson A. sick building 
syndrome: a study of 4373 office workers. 
Ann Occup Hyg 1987;31:493-504.  
13.  Burge Ps, Jones P, Robertson 
AS, Sick building Syndrome. 
Environmental comparisons of sick and 
healthy buildings. Indoor Air 1990;1:479-
83.  
14. Mendell MJ, Smith AH. Consistent 
pattern of elevated symptoms in air-
conditioned office buildings: a reanalysis of 
epidemiologic studies. Am J Public Health 
1990;80:1193–99. 
15.   MJ, Pickering CAC, Davies PS, 
Austwickpkc WDC. Factors affecting the 
development of precipitating antibodies in 
workers exposed to contaminated 
humidifiers. Clin All 1985 Finnegan;15:281-
92. 
16.  Robertson AS, Roberts KT, 
Burge PS, Raw GJ. The effect of change in 
building ventilation category on sickness 
absence rates and the prevalence of sick 



Vidya et al.:Pulmonary function tests in air conditioner users 

Int J Med Biomed Res 2014;3(2):75-80  

80 

 

  

building syndrome. Indoor Air 1990;1:237-
42. 
17. Zweers T, Preller L, Brunekreef B, 
Boleij JSM. Health and indoor climate 
complaints of 7043 office workers in 61 
buildings in the Netherlands. Indoor Air 
1992;2:127–36. 
18. Lintner TJ, Brane KA. The 
effects of season, climate and air 
conditioning on the prevalence of 
Dermatophogoides mite allergens in 

household dust. J Allergy Clin Immunol 
1993;91:862-867. 
19. Sakaki I, Suto C, cluster 
analysis of domestic mites and associated 
housing conditions in concrete built 
apartments in NagoyaJapan. Med Entomol 
Zool 1996;47:23-29. 
20. Kumar P, Marier R, Leech SH. 
Hypersensitivity pneumonitis due to 
contamination of car air conditioner. N Engl 
J Med 1981;305:1531-1532. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

doi: http://dx.doi.org/10.14194/ijmbr.3.2.3 
How to cite this article: Vidya G, Kumar 
B.A, Kalpana M, Chand K. Pulmonary 

function tests in air conditioner users. Int 
J Med Biomed Res 2014;3(2):75-80 
 
Conflict of Interest: None declared 

 

Submit your valuable manuscripts to Michael  

Joanna Publications for: 

 

• User-friendly online submission 

• Rigorous, constructive and unbiased peer-review 

• No space constraints or colour figure charges 

• Immediate publication on acceptance 

• Unlimited readership 

• Inclusion in AJOL, CAS, DOAJ, and Google Scholar 

 

Submit your manuscript at 

www.michaeljoanna.com/journals.php 

 

http://www.michaeljoanna.com/

