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ABSTRACT

Currently air conditioning systems are increasingly prevalent in professional settings. They are
advertised as increasing productivity through improvement of workers’ comfort in work
environment. The present study was to find out effect of air conditioner on pulmonary functions.
Study included 30 young healthy male software professionals exposed to air conditioner work
environment as a subject (group 1) and 30 young healthy male volunteers not exposed to air
conditioner as a control (group Il). Pulmonary function tests were performed using computerised
spirometer. Peak expiratory flow rate (PEFR), Mean forced expiratory flow during middle of the
FVC (FEF 25-75), Forced expiratory flow - after 25% of the FVC (FEF 25%), after 50% of the
FVC (FEF 50%), after 75% of the FVC (FEF 75%) were calculated and compared between two
groups. Values of all the parameters were less in air conditioner users and difference was
statistically significant (p value < 0.05). Findings suggest that exposure to air conditioner work
environment is risk factor for development of respiratory dysfunction and prone to allergic
disorders in future.

Key Words: Air conditioner, Pulmonary Functions, Peak Expiratory Flow Rate, Forced
Expiratory Flow

INTRODUCTION thermal comfort by AC systems. To
maintain same comfort, use of AC is very

In multinational industries in urban
areas use of air conditioning (AC) systems,
specifically central AC is suppose to be a
necessary part of their luxurious life. Air
inside is cooled and dehumidified for

common now days in food plazas, multiplex
theatres, shopping malls, while travelling,
and in homes.

The existence of bronchospasm in
response to nasal inhalation of cold and/or
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dry air may be considered as a protective
mechanism that tends to reduce the airflow
rate in the upper airways and cervical
trachea and limits the penetration of
insufficiently conditioned inspired air into
the lungs. ™ Cold dry air challenge test is
the test by which bronchial responsiveness is
measured by applying physical stimuli like
hyperventilation of cold and dry air. ¥ It
has been observed that hyperventilation of
cold dry air causes bronchoconstriction, and
eupnoeic inhalation of cold, dry air increases
airway resistance in asthmatic patients. ™ °
During working in AC environment workers
inhale cooled and dehumidified that is cold
and dry air which might be affecting their
airways and altering pulmonary functions.
Intensive use of air conditioners in
modern living has increased the risk of
atopic sensitization and eosinophil activity.
5 "1 Increased prevalence of IgG induced
sensitization and hypersensitivity
pneumonitis was reported in persons
exposed to aerosol contaminated air
conditioners. Hypersensitivity
pneumonitis caused by bacteria, fungi and
molds contaminating air conditionin
systems had been also reported.
Conditions favourable to the growth of
micro organisms are sometimes found in air
conditioning system. While such micro
organisms are potentially pathogenic or
allergenic, it can lead to human respiratory
ailments such as humidifier fever. 0
Epidemiological studies had shown that,
persons working in air conditioned buildings
were consistently associated with increased
prevalence of work related headache,
Efzt]hargy and upper respiratory symptoms.
All of the above studies had linked
AC with respiratory dysfunction. In mega
cities all the multinational companies are
having central AC systems for their workers.
These workers are working even more than
the stipulated time in that environment to

achieve the goal of the company.
Considering the problem present study was
planned to evaluate the pulmonary functions
in young healthy, non-smoking workers
population exposed to an air conditioned
work environment.

MATERIAL AND METHODS

The present study was conducted in
the Department of Physiology, Dr. D. Y.
Patil Medical College, Pimpri, Pune. The
present work was approved by the university
ethics committee. 30 young healthy male
adults aged between 25-30 years who were
exposed to AC work environment, at least
for 6 hrs per day and 5 days a week since
one year were selected as study group
(Subject). 30 young healthy male adults
aged between 25-30 years who were not
exposed to AC work environment were
selected as control group. Pulmonary
function tests of these two groups were
assessed by using computerized Spirometer
and compared. Anthropometrical
measurements Age, Height and Weight were
recorded for predicted values of pulmonary
function tests along with preliminary clinical
examination to exclude any systemic
disorder affecting respiratory system.
Exclusion criteria

1) Smokers and/or alcoholic.

2) Presence of any acute or chronic
respiratory disorder.

3) Systemic illness which directly or
indirectly affects the respiratory
system.

4) Those who are doing yoga or any
other kind of regular exercise.

Spirometer used was RMS Helios
401 computerized spirometer, has a turbine
sensor and works on the infrared
interruption principle made by Recorder &
Medicare System (RMS). The
guestionnaires and consent forms were filled
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up and the relevant data name, age, Sex,
height, weight, occupation, smoker or non-
smoker, lab temperature was entered into the
computer. All the subjects were made
familiar with the instrument and procedure
for performing pulmonary function tests. All
the tests were done on the subjects with
seated comfortably in an upright position.
The subject was connected to the
mouthpiece and was asked to breathe in
order to familiarize himself with the
equipment. During the tests the subject was
adequately encouraged to perform at their
optimum level. Nose clip was applied during
the entire manoeuvre. Test manoeuvre was
repeated for 3 times and the best matching
result were considered for analysis. All
Parameters were measured by the machine.
The algorithms used for calculation was
validated for Indian population with the new
software added up to the machine.

Following parameters were selected for
study.

1) PEFR: Peak Expiratory Flow Rate in
per second (L/s).
FEF 25-75: Mean Forced Expiratory
Flow during the middle of the FVC
in L/s
FEF 25%: Forced Expiratory Flow
after 25% of the FVC has been
expired in L/s

2)

3)

4) FEF 50%: Forced Expiratory Flow
after 50% of the FVC has been
expired in L/s
FEF 75%: Forced Expiratory Flow
after 75% of the FVC has been
expired in L/s

5)

Statistical analysis

The outcome of pulmonary function
tests were 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 (*p<0.05) was
considered as significant.

RESULTS AND OBSERVATIONS

Table No. 1 depicts the
anthropometric characteristics of the study
which were expressed as mean + SD for
both the groups. The mean age (Yrs.) of the
subject was 27.87 + 1.22 and that of control
was 28.33 + 0.71. The mean height (cms) of
the subject was 171.20 + 4.16 and that of
control was 170.27 + 5.97. The mean weight
(kg) of the subject was 68.03 + 4.13 and that
of control was 70.03 + 4.18. There was no
significant difference found between the
subject and control groups on these
parameters indicating that the groups were
homogenous in this respect.

TABLE 1 : Statistical analysis of Anthropometric parameters.

GROUP | GROUP I tvalue | pvalue
PARAMETERS AC Users Non AC Users
Mean + SD Mean + SD
n=230 n=230
Age (years) 27.87+1.22 28.33+0.71 1.8053 > 0.05
Height (cms) 171.20 + 4.16 170.27 +5.97 0.7032 > 0.05
Weight (kg) 68.03 + 4.13 70.03 +4.18 1.8637 > 0.05
*P<0.05
Table No 2  depicts the parameters of the study which were

characteristics of pulmonary function test

expressed as mean + SD for both the groups.
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The Mean + SD for PEFR were observed to
be 7.6020 + 1.3363 L/s in subject and
9.4900 + 0.2926 L/s in control. The Mean +
SD for FEF 25-75 were observed to be
3.5833 + 0.7627 L/s in subject and 4.5780 +
0.2328 L/s in control. The Mean + SD for
FEF 25% were observed to be 6.7603 +
1.6156 L/s in subject and 9.2273 + 0.2418
L/s in control. The Mean + SD for FEF 50%

were observed to be 4.3560 + 1.0349L/s in
subject and 5.3077 + 0.1864 L/s in control.
The Mean + SD for FEF 75% were observed
to be 1.9060 + 0.1050 L/s in subject and
2.2583 + 0.1600 L/s in control. Values of all
the parameters were less in AC users
(Subject group) than non AC users (Control
group) and difference was statistically
significant (p value < 0.05).

TABLE 2: Statistical analysis of PEFR, FEF 25-75, FEF 25%, FEF 50%, and FEF 75%.

GROUP | GROUP I ‘t’ value P value
PARAMETERS AC Users Non AC Users

Mean + SD Mean + SD

n =30 n=230
PEFR 7.6020 + 1.3363 9.4900 + 0.2926 7.5595 <0.05*
FEF 25-75 3.5833 + 0.7627 4.5780 + 0.2328 6.8323 <0.05*
FEF 25 % 6.7603 + 1.6156 9.2273 + 0.2418 8.2718 <0.05*
FEF 50 % 4.3560 + 1.0349 5.3077 + 0.1864 4.9568 <0.05*
FEF 75 % 1.9060 + 0.1050 2.2583 + 0.1600 10.0847 <0.05*

In present study PEFR and FEF 25-
75, FEF 25%, FEF 50%, FEF 75% were
significantly decreased in subjects exposed
to AC work environment. These findings
suggest that the airways are getting affected
due to exposure to AC work environment
for the duration, prescribed in the study.

DISCUSSION

Modern living in urban areas is
potentially responsible for development of
various disorders and use of AC is a part of
it. Tough competition between professional
settings forces young adults to work for
hours in central AC environment. Present
study has shown that working in air
conditioner environment causes impairment
in respiratory functions which may lead to
serious complications in future. The present
study findings were supported by the studies
conducted in various populations by Farah
K.S.etal, ¥ and R. Babitha et al. ¥

Spirometry is a simple and useful
test to identify and monitor respiratory
impairment. With the proper equipment and
the correct technique, maximal results can
be obtained. ™ PEFR is the convenient
method for monitoring airflow obstruction
in  patients with  bronchial  asthma
recommended in international guidelines for
asthma management. ' Therefore we
planned to perform pulmonary function tests
to find out effect of AC work environment
on respiratory system.

PEFR is the maximum velocity with
which air is forced out of the lung. PEFR
depends on expiratory efforts exerted during
forceful expiration as well as status of upper
airways which are subjected to reflex
bronchoconstriction. ™ In  asthmatic
subjects  bronchoconstriction has been
reported due to hyperventilation of cold dry
air. ™ In present study PEFR was
significantly decreased in subjects exposed
to AC work environment. This finding
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suggests that the upper airways are being
affected due to exposure to AC environment
for the duration, prescribed in the study.

FEF 25-75 represents the flow rate
over the middle half of FVC and it is effort
independent flow rate. FEF 25% is the flow
rate at the 25% of the total FVC, indicative
of the condition of medium sized bronchi.
FEF 50% is the flow rate at the 50% of the
total FVC, indicates the status of medium to
small airways. FEF 75% is the flow rate at
the 75% of the total FVC, indicates the
status of small airways. More specifically
FEF25-75 has been recommended to
identify small airway impairment. ™! Small
airways obstruction plays an important role
in asthma and abnormalities of small
airways function precede the abnormalities
of the large airways function in future. ! In
the present study the values of FEF 25-75,
FEF 25%, FEF 50%, and FEF 75% were
significantly decreased in AC users
suggesting that small airways are influenced
by exposure to AC work environment for
the duration, prescribed in the study.

Nasal inhalation of cold dry air
causes activation of cold receptors or
osmoreceptors in the nasal mucosa and
activation of these receptors induces
protective bronchoconstrictor responses. ™
Cold and dry air causes the release of
inflammatory mediators possibly associated
with mast cells and causes bronchospasm.
2] Nasal cold air provocation causes mast
cell activation and sensory nerve
stimulation. ??! Histamine released by the
mast cells causes bronchospasm, increases
airway resistance and decreases dynamic
compliance. ! Respiratory tract of the
subject exposed to AC work environment is
hyperresposive and the patency of the
airways is decreased. ! Therefore probable
reason for the findings of the present study
is hyperresponsive airways, inflamation and
mast cell activation due to cold injury which

leads to bronchoconstriction and decreases
dynamic compliance.

There is a positive relationship
between small airway disease, defined by a
reduction in FEF25-75 and allergic
parameters such as eosinophils. ¥ Urban
styles of living are involved in atopic
sensitization and enhanced eosinophil
activity, probably due to living conditions
such as indoor dampness and poor home
ventilation caused by tight insulation. This
increases exposure to indoor air pollutants,
such as respirable mite allergens. ! Tight
insulation is always required to maintain
proper temperature and humidity in AC
rooms so this may be the additional risk
factor for development of allergic disorders
in future along with the reduced FEF 25-75.

Further detailed studies are required
on a large scale for which we are planning to
considering more parameters as various
duration of exposure to AC, velocity of cold
air of AC, humidity of the environment,
level of allergy markers as to obtain more
precise correlation between use of AC and
extent of its effect on respiratory system.

CONCLUSION

Present study suggests that upper
airways as well as smaller airways are
getting affected by exposure to AC work
environment for the duration, prescribed in
the study. Probable cause is cold injury to
respiratory passage causing inflammation
and activation of the mast cells along with
the nervous stimulation by cold and dry air.
All of these responses may be causing
hyperresposive airways, bronchoconstriction
and reduces dynamic compliance. Working
in AC environment is also risk factor for the
development of allergic disorders. We
suggest frequent spirometry of the workers
who work in AC environment. This will
ensure early detection of any underlying
respiratory dysfunction, its treatment and

International Journal of Health Sciences & Research (www.ijhsr.org) 39
Vol.2; Issue: 6; September 2012



prevention of complications arising later in 7. Y. Kuwahara, J. Kondoh, K. Tatara,
life. E. Azuma, T. Nakajima, M.
Hashimoto. Involvement of urban
REFERENCES living environments in atopy and
enhanced eosinophil activity:

1. Pierre Fontanari, Henri Burnet, potential risk factors of airway
Marie Carolin Zattara-Hartmann, and allergic symptoms. Allergy 2001; 56:
Yves Jammes. Changes in 224-230.
airway resistance induced by nasal 8. Baur X, Richter G, Pethran A,
inhalation of cold dry, dry, or moist Czuppon A.B, Schwaiblmair M.
air in normal individuals. J Appl Increased prevalence of 19G-induced
Physiol 81:1739-1743, 1996. sensitization and hypersensitivity

2. M.Modl, E. Eber, B. Steinbrugger, E. pneumonitis  (humidifier lung) in
Weinhandl, and M.S.  Zach. nonsmokers exposed to aerosols of a
Comparing methods for assessing contaminated air conditioner.
bronchial responsiveness in children: Respiration 1992; 59(4): 211-214.
single step cold air challenge, 9. Hoffman RE, Wood RC, Kreiss K.
multiple step cold air challenge and Building-related asthma in Denver
histamine provocation. Eur Respir J office workers. Am J Public Health
1995; 8: 1742-1747. 1993;83:89-93.

3. Kim G. Nielsen and Hans B. Lung 10. B. P. Ager and J. A. Tickner. The
function response to cold air control of microbiological hazards
challenge in asthmatic and healthy associated with air-conditioning and
children of 2-5 years of age. Am. J. ventilation systems. Ann. occup.
Respir. Crit. Care Med. 2000; Hyg. 1983; 27(4): 341-358.

161(6): 1805-1809. 11. Fox A, Rosario R.M, Larsson L.

4. N. Caire, A. Cartier, H. Ghezzo and Monitoring of bacterial sugars and
J.L. Malo. Influence of the duration hydroxy fatty acids in dust from air
of inhalation of cold dry air on the conditioners by gas chromatography-
resulting  bronchoconstriction in Mass Spectrometry. Appl. Environ.
asthmatic subjects. Eur Respir J Microbiol. 1993; 59(12): 4354-4360.
1989; 2: 741-745. 12. M. J. Mendell and A. H. Smith.

5. P. Fontanari, M-C. Zattara- Consistent  pattern of elevated
Hartmann, H. Burnet, Y. Jammes. symptoms in air-conditioned office
Nasal eupnoeic inhalation of cold, buildings: a reanalysis of
dry air increases airway resistance in epidemiologic  studies. American
asthmatic patients. Eur Respir J Journal of Public Health 1990;
1997; 10: 2250-2254 80(10): 1193-1199.

6. De Filippis P, Spinaci A, Coia M, 13. Farah K, S. Sharma and O. P.
Maggi O, Pana A. Effectiveness of Tandon. Pulmonary functions in air
the maintenance operations on the air conditioner users. Indian J Physiol
conditioning systems of a university Pharmacol 2006; 50(1): 67—72.
building in relation to the 14. R. Babitha, R. Rangarajan, M.
microbiological quality of the air Mubhil, M.G. Basavarajaiah.
indoor. Ig Sanita Pubbl. 2003; 59(6): Pulmonary Function Tests in Air
365-72. Conditioner Users. Journal  of

International Journal of Health Sciences & Research (www.ijhsr.org) 40

Vol.2; Issue: 6; September 2012


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22De%20Filippis%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Spinaci%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Coia%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Maggi%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pan%C3%A0%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Ig%20Sanita%20Pubbl.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baur%20X%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Richter%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pethran%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Czuppon%20AB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schwaiblmair%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Respiration.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fox%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rosario%20RM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Larsson%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

15.

16.

17.

18.

19.

20.

Clinical and Diagnostic Research
2011 June, Vol-5(3): 532-535.
Nancy E. Lange, Mary Mulholland,
Mary Elizabeth Kreider, Spirometry.
CHEST 2009;136(2):608-614.
British Thoracic Society Guidelines
on the management of asthma.
Thorax 1993; 48: S1-S24.

Cotes JE. Structure expansion and
movement of the lung in Lung

function: Assessment and
Application in Medicine 5th edition.
Blackwell Scientific Publications

1993: 122-123.

Desjardins A, De Luca S, Cartier A,
L Archeveque J, Ghezzo H, Malo JL.
Nonspecific bronchial hyper
responsiveness to inhaled histamine
hyperventilation of cold dry air in
subjects with respiratory symptoms
of uncertain etiology. Am Rev
Respir Dis 1988; 137: 1020-1025.
Bjermer L. Past and future
perspectives in the asthma treatment.
Resp Med 2001, 95:703-7109.

A. Vigg. Tests for small airways
function. Pulmonary function tests in
health and disease. 2" Edition.

21.

22.

23.

24.

P.S.Shankar. NBD Mumbai. 2007:
95-102.

Alkis G. Togias, Robert M. Naclerio,
David Proud, James E. Fish, N.
Franklin Adkinson, Jr., Anne Kagey-
Sobotka, Philip S. Norman, and
Lawrence M. Lichtenstein. Nasal
Challenge with Cold, Dry Air
Results in Release of Inflammatory
Mediators  Possible Mast  Cell
Involvement. j.Clin. Invest.Volume
76, October 1985, 1375-1381.

Cruz AA, Togias.A. Upper airway
reactions to cold air. Curr Allergy
Asthma rep. 2008;8(2): 111-7.
Benson M.K. Bronchial hyper
reactivity.  British ~ Journal  of
Diseases of Chest.1987; 27; 254-263.
Marseglia GL, Cirillo I, Vizzaccaro
A, Klersy C, Tosca MA, La Rosa M,
Marseglia A, Licari A, Leone M,
Ciprandi G. Role of forced
expiratory flow at 25-75% as an
early marker of small airways
impairment in subjects with allergic
rhinitis. Allergy Asthma Proc. 2007
Jan-Feb;28(1):74-8.

kkhkhkhhhhkhkkkhkhkhkhihrhhkhkhkhkhiiiikx

International Journal of Health Sciences & Research (www.ijhsr.org) 41

Vol.2; Issue: 6; September 2012


http://www.ncbi.nlm.nih.gov/pubmed?term=Marseglia%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=Cirillo%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=Vizzaccaro%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=Vizzaccaro%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=Vizzaccaro%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=Klersy%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=Tosca%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=La%20Rosa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=Marseglia%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=Licari%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=Leone%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed?term=Ciprandi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17390762
http://www.ncbi.nlm.nih.gov/pubmed/17390762

