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Abstract Elderly individuals are more susceptible to excess
summer heat. We sought to examine whether the use of
cooling systems (air-conditioning or fan) affected the clinical
outcomes of elderly febrile patients. We prospectively
followed elderly (≥75 years old) febrile patients requesting
the medical services of the SOS Doctors (a network of physi-
cians performing house-call visits) from July 10 to August 20,
2011. Patients who used cooling systems (“users”) were com-
pared with those who did not (“non-users”) regarding mortal-
ity, clinical outcome of primary illness (improvement or
deterioration), and emergency hospitalization. Prospectively
collected data were available for 339 individual elderly febrile
patients. “Users” had lower mortality (10% vs. 19%, p<0.05)
than “non-users”; no difference was noted on clinical im-
provement (85 % vs. 76 %, p=0.11) and emergency hospital-
ization rates (21 % vs. 30 %, p=0.16). No difference was
noted between users of air-conditioning and fan regarding
mortality or clinical improvement, but fan use was associated
with more hospitalizations (37 % vs. 19 %, p<0.05). On
multivariate analysis (assessing daily ambient temperature,
use of cooling systems, patient age, and living conditions),
the sole variable significantly associated with mortality was

the non-use of cooling systems [odds ratio (OR): 2.18, 95 %
confidence interval (CI): 1.06–4.50]. The use of air-
conditioning or fan during hot summer periods appeared to
be beneficial for elderly febrile patients living in a large city.
Large prospective studies are warranted in order to provide
further insight into potential individual and public health
initiatives aiming to alleviate the impact of excess summer
heat on the health of elderly patients.

Introduction

The elderly comprise a large social group which has been
steadily increasing over time. Greece is the fourth largest
country in the world among major nations with regard to
people aged 65 years and over; 19.1 % of the total population
was ≥65 years old in 2008 [1]. Every summer, many deaths
are attributed to high temperatures. Summer 2003 was the
warmest of the last several years and a landmark for Europe
regarding the impact of excessive heat on mortality. France,
Italy, and Portugal were among the countries most affected by
the high temperatures that had been recorded [2–4]. Several
studies have indicated an association between temperature
extremes and mortality [5, 6]; elderly individuals appear to
be more vulnerable to temperature variations than younger
people [2, 5, 7, 8]. Heat-related mortality appears more exces-
sive in Mediterranean than in North European cities [8] and is
mostly attributed to respiratory diseases [9]. A previous study
[10] suggested that elderly individuals of an urban, Mediter-
ranean population carried higher morbidity and mortality in
August compared with November. This fact could be attrib-
uted to the excessive heat, an additional burden on their
overall weakened health status. In regard to infections, studies
have shown that elderly patients with infections experience
higher mortality than younger age groups with the same in-
fections [11–13]. Therefore, the impact of heat on elderly
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febrile patients, among whom fever in the majority is attrib-
uted to infections, is expected to be greater than that on the
general population.

In this context, we aimed to prospectively examine
whether the use of a cooling system [air-conditioning
(A/C) or fan] by elderly patients during a febrile episode is
associated with favorable clinical outcomes.

Methods

Study design and patient population

We conducted a prospective observational study evaluating
elderly (≥75 years old) febrile patients who called the SOS
Doctors (a network of physicians who perform house-call
visits) in Attica, Greece, from July 10th to August 20th,
2011. A febrile episode was documented based either on
their presenting complaints or on the assessment of the
attending physician. An oral informed consent was obtained
by the participants in the study. The study was approved by
the Ethics Committee of the SOS Doctors.

Data collection

Data concerning age, gender, living conditions (alone or taken
care of by family, friends, or a maid), date, time of phone call
and major complaint, use of a cooling system (A/C) or fan),
outcome of the primary illness, medical diagnosis, and emer-
gency hospitalization were collected. Medical diagnoses were
classified into three groups: (1) infections (any infection was
eligible), (2) other diseases (any disease excluding infections),
and (3) unclear diagnosis.

Definitions and outcomes

No uniform definition for “febrile” was used; a patient was
considered to be febrile according to his/her complaints at
presentation or to the individual assessment of each attend-
ing physician. Patients who used cooling systems (A/C or
fan) were defined as “users” and those who did not as “non-
users”. Patients who possessed a cooling system but did not
use it were classified as “non-users”. The maximum tem-
perature (“Tmax”) was defined as the maximum daily am-
bient temperature measured at Elefsina meteorological
station [14]. The outcome of the primary illness, assessed
1 week after the initial patient examination by phone call by
a secretary of SOS Doctors with the availability of a physi-
cian, was classified as improvement, stable, or deterioration
(including death). Patients who remained stable during treat-
ment were excluded from our analyses regarding outcome
of the primary illness to avoid an inappropriate effect on our
findings (since, depending on the underlying disease, a

stable status may, in reality, represent a favorable outcome
in some patients, but unfavorable in others).

The primary outcome of this prospective study was the
all-cause, 1-week mortality. Secondary outcomes included
the outcome of the primary illness (assessed at the follow-up
call) and emergency hospitalization.

Data analysis and statistical methods

Univariate comparisons were performed to identify any
difference in the patient characteristics between the two
groups (“users” and “non-users”). Further analyses com-
pared patients with regard to the primary and secondary
outcomes.

Comparison of continuous variables (i.e., patient age and
maximum daily ambient temperature) was performed using
the t-test or the Mann–Whitney test (for normally and non-
normally distributed variables, respectively). Categorical vari-
ables were compared using Chi-square tests. Variables poten-
tially associated with mortality were included in a multivariate
binary logistic regressionmodel. The adjusted odds ratio (OR)
and 95 % confidence intervals (CIs) were calculated. All
analyses were performed with SPSS 17.0 software (SPSS
Inc., Chicago, IL, USA). A p-value<0.05 was considered to
denote statistical significance.

Results

During the study period, the SOS Doctors received 2,626
phone calls; data were prospectively collected for 339 pa-
tients who were both elderly and febrile. “Users” [265 out of
339 (78.2 %); 133/265 (50.2 %) female] had a median age
of 84 years, while “non-users” [74 out of 339 (21.8 %);
31/74 (41.9 %) female] had a median age of 82.5 (p=0.26).
The patient characteristics and outcomes of “users” and
“non-users” are presented in Table 1. No difference was
observed in the baseline characteristics of the two groups.

Mortality

Users of cooling systems had lower mortality than non-users
(10 % vs. 19 %, p<0.05). In addition, febrile elderly patients
living alone had lower mortality than those taken care of by
family, friends, or a maid (0 % vs. 13.4 %, p<0.05). No
difference in mortality was observed between users of A/C
and users of fan (11.3 % vs. 15.4 %, p=0.72). Table 2
presents the patient characteristics associated with mortality.

Outcome of primary illness and emergency hospitalization

The patient characteristics associated with the outcome of
primary illness are presented in Table 3. No difference was
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observed between “users” and “non-users” regarding both
secondary outcomes. Users of fan were more likely to be
hospitalized than users of A/C (36.7 % vs. 19.4 %, p<0.05),
but no difference was noted regarding the outcome of pri-
mary illness. The outcome of primary illness of elderly
patients living alone was more likely to improve than
that of patients taken care of by family, friends, or a maid
(97.4 % vs. 76.5 %, p<0.05).

Multivariate analysis

The results of the multivariate analysis are presented in
Table 4. Use of cooling systems, age, Tmax, and living
conditions were the variables entered into the logistic
regression model. Only non-use of cooling systems was
independently associated with higher mortality (adjusted
OR=2.18, 95 % CI: 1.06–4.50).

Discussion

The main finding of our study is that the use of a cooling
system (A/C or fan) by elderly febrile patients during hot
summer months was associated with lower mortality. More
so, the only variable independently associated with lower
mortality was the use of a cooling system. There was no
difference in mortality between users of A/C or fan, but
users of A/C had fewer hospitalizations.

This is the first study to our knowledge observing an
association between the use of cooling systems and elderly
febrile patients’ survival. Several studies have addressed the
effect of temperature on elderly mortality; it has been
established that both excess cold [5, 15, 16] and excess heat
[2, 7, 8, 17] significantly increase the mortality of elderly
individuals. The excess heat-attributable mortality of elderly
persons has been quantified for many European cities: in

Table 1 Univariate analysis re-
garding patient characteristics
and outcomes evaluated in
“users” and “non-users”

aData were not available for 3/
339 patients, who were excluded
from these analyses
bData on patients whose out-
come of primary illness was
reported to be stable at the fol-
low-up were excluded

Variable Users, n=265 (%) Non-users, n=74 (%) p-Value

Age (median, interquartiles) 84 (79.50, 89) 82.50 (78.75, 87) 0.26

Gender (female) 133 (50.2) 31 (41.9) 0.24

Living alonea 30 (11.5) 8 (10.8) >0.99

Diagnosisa Infections 147 (56.1) 37 (50) 0.53
Others 84 (32.1) 25 (33.8)

Unclear 31 (11.8) 12 (16.2)

Tmax (median, interquartiles) 35 (34, 36) 35 (34, 36) 0.91

Call time 23:01–07:00 29 (10.9) 7 (9.5) 0.78
07:01–15:00 94 (35.5) 24 (32.4)

15:01–23:00 142 (53.6) 43 (58.1)

Emergency hospitalization 56 (21.1) 22 (29.7) 0.16

Outcome of primary illnessb Improvement 212 (85.1) 55 (76.4) 0.11
Deterioration 37 (14.9) 17 (23.6)

Mortality 27 (10.2) 14 (18.9) 0.046

Table 2 Univariate analysis
comparing patient characteristics
with regard to mortality

aOf the 265 patients using a
cooling system, data on the spe-
cific cooling system (A/C or fan)
were not available for eight pa-
tients, who were excluded from
this analysis
bData were not available for 3/
339 patients, who were excluded
from these analyses

Variable Died, n=41 (%) Survived, n=298 (%) p-Value

Use of any cooling system (A/C or fan) 27 (65.9) 238 (79.9) 0.046

Cooling systema A/C 26 (86.6) 205 (90.3) 0.72

Fan 4 (13.3) 22 (9.6)

Age (median, interquartiles) 84 (79, 88) 84 (81, 88.5) 0.59

Gender (female) 17 (41.5) 147 (49.3) 0.41

Living aloneb 0 (0) 38 (12.8) 0.01

Diagnosisb Infections 18 (45) 166 (56.1) 0.20
Others 18 (45) 91 (30.7)

Unclear 4 (10) 39 (13.2)

Tmax (median, interquartiles) 35 (34, 36) 35 (33, 35) 0.15

Call time 23:01–07:00 4 (9.8) 32 (10.7) 0.65
07:01–15:00 17 (41.5) 101 (33.9)

15:01–23:00 20 (48.8) 165 (55.4)
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Athens, nearly 2.5 % of the summer mortality of elderly
persons (≥75 years) has been directly attributed to the heat
from 1992 to 1996 [18]. Furthermore, several studies have
reported that infections lead to higher mortality in elderly
patients than in younger patients [11–13].

Our study suggests that the contribution of cooling sys-
tems in elderly febrile patients’ survival is actually valuable.
Most public places are now air-conditioned, but elderly
febrile patients may be unable to access such places due to
their weakened health status. The majority of elderly pa-
tients included in our study had a cooling system at home.
However, it is important to be understood that all elderly
should have a cooling system at home during heat waves.
Previous studies examining risk factors for heat-related
mortality among the elderly suggested that, among others,
elderly people who had a working A/C system at home or
visited an air-conditioned place during heat had lower heat-
stress mortality [17, 19]. In addition, the use of fan was
associated with a trend towards lower mortality in one of the
aforementioned studies [19]. Likewise, the non-use of
heating systems during cold winter months has been asso-
ciated with higher mortality [20, 21].

No difference in mortality or the outcome of primary
illness was observed between users of A/C and users of fans
in our study, whereas users of A/C had fewer hospitaliza-
tions. The function of A/C is based on both cooling the air

and regulating air humidity, whereas fans only produce
airflow and work by evaporative cooling of sweat, without
cooling the air [22]. Therefore, the beneficial effects of the
use of A/C on elderly survival could be attributed to the
decrease of humidity levels as well. Regarding fans, there is
controversy in terms of their impact on mortality during
heat. Some have supported that the use of fans may be
beneficial [19], others that fans do not affect mortality
[17], and others that fans could induce mortality when used
in areas with high humidity during heat [23].

Patients who lived alone had lower mortality than those
receiving care on univariate analysis; however, receiving
care was not associated with lower mortality on multivariate
analysis. Another prospective study on elderly people
showed that men (and not women) who lived alone had
higher mortality than those cared for by someone [24].
Our counterintuitive result on univariate analysis could re-
flect a better health status of the patients living alone com-
pared to those receiving care. It is noteworthy that the same
finding regarding care and mortality had also been observed
in a previous study reporting on elderly patients [10].

The findings of our study should be interpreted in view of
certain limitations. First, the available data on patient co-
morbidity was insufficient to appropriately adjust for this
variable; therefore, it is possible that the observed difference
in mortality might be attributed to a lighter burden of disease
in the elderly patients who used cooling systems. In addi-
tion, the sample of the study may not be totally representa-
tive of the general elderly population, since all analyzed
patients represent a primarily urban population. Lastly, the
ambient temperature was measured at one meteorological
station and might not precisely pertain to all patients living
in different areas of Attica.

In conclusion, the use of cooling systems during summer
months was independently associated with lower mortality
in febrile, elderly patients living in a large city. Large studies

Table 3 Univariate analysis
comparing patient characteristics
with regard to the outcome of
primary illness

Data regarding the outcome of
primary illness is reported herein
for 321 patients, since patients
whose outcome of primary illness
was considered to be “stable” at
the follow-up were not analyzed
(n=18); “deterioration” also in-
cluded patients who died (n=41)
aData were not available for 3/321
patients regarding living condi-
tions and 2/321 regarding diagno-
sis; those patients were excluded
from these analyses

Variable Improvement, n=267 (%) Deterioration, n=54 (%) p-Value

Use of any cooling system (A/C or fan) 212 (79.4) 37 (68.5) 0.11

Cooling system A/C 186 (71) 31 (59.6) 0.77
Fan 21 (8) 4 (7.7)

Age (median, interquartiles) 84 (79, 88) 84 (80.75, 88.25) 0.64

Gender (female) 126 (47.2) 26 (48.1) >0.99

Living alonea 37 (14) 0 (0) 0.02

Diagnosisa Infections 154 (57.9) 23 (43.4) 0.02
Others 76 (28.6) 26 (49.1)

Unclear 36 (13.5) 4 (7.5)

Tmax (median, interquartiles) 35 (34, 36) 35 (34, 35) 0.36

Call time 23:01–07:00 29 (10.9) 4 (7.4) 0.37
07:01–15:00 87 (32.6) 23 (42.6)

15:01–23:00 151 (56.6) 27 (50)

Table 4 Multivariate analysis of factors associated with mortality

Factor OR 95 % Confidence interval p-Value

Use of a cooling system 2.18 1.06–4.5 0.035

Tmax 0.85 0.7–1.0 0.083

Age 1.01 0.96–1.1 0.66

Care NA NA >0.99

Tmax maximum temperature, NA not applicable
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evaluating both the general population as well as specific
subsets of elderly individuals are warranted in order to
precisely document the contribution of cooling systems in
the health status of elderly individuals during hot summer
months.

Funding None.

Conflict of interest None.

References

1. Kinsella K, He W (2009) An aging world: 2008. International
Population Reports. P95/09-1

2. Conti S, Meli P, Minelli G et al (2005) Epidemiologic study of
mortality during the Summer 2003 heat wave in Italy. Environ Res
98:390–399

3. Fouillet A, Rey G, Laurent F et al (2006) Excess mortality related
to the August 2003 heat wave in France. Int Arch Occup Environ
Health 80:16–24

4. Nogueira PJ, Falcão JM, Contreiras MT, Paixão E, Brandão J,
Batista I (2005) Mortality in Portugal associated with the heat
wave of August 2003: early estimation of effect, using a rapid
method. Euro Surveill 10:150–153

5. Analitis A, Katsouyanni K, Biggeri A et al (2008) Effects of cold
weather on mortality: results from 15 European cities within the
PHEWE project. Am J Epidemiol 168:1397–1408

6. Michelozzi P, De Sario M, Accetta G et al (2006) Temperature and
summer mortality: geographical and temporal variations in four
Italian cities. J Epidemiol Community Health 60:417–423

7. Baccini M, Biggeri A, Accetta G et al (2008) Heat effects on
mortality in 15 European cities. Epidemiology 19:711–719

8. D’Ippoliti D, Michelozzi P, Marino C et al (2010) The impact of
heat waves on mortality in 9 European cities: results from the
EuroHEAT project. Environ Health 9:37

9. Ballester F, Corella D, Pérez-Hoyos S, Sáez M, Hervás A (1997)
Mortality as a function of temperature. A study in Valencia, Spain,
1991–1993. Int J Epidemiol 26:551–561

10. Theocharis G, Mavros MN, Vouloumanou EK et al (2012)
Comparison of morbidity of elderly patients in August and
November in Attica, Greece: a prospective study. Int J Clin Pract
66:84–90

11. Gradel KO, Schønheyder HC, Dethlefsen C, Kristensen B,
Ejlertsen T, Nielsen H (2008) Morbidity and mortality of elderly
patients with zoonotic Salmonella and Campylobacter: a
population-based study. J Infect 57:214–222

12. Nørgaard M, Larsson H, Pedersen G, Schønheyder HC, Rothman
KJ, Sørensen HT (2006) Short-term mortality of bacteraemia in
elderly patients with haematological malignancies. Br J Haematol
132:25–31

13. Wang CS, Chen HC, Yang CJ et al (2008) The impact of age on the
demographic, clinical, radiographic characteristics and treatment
outcomes of pulmonary tuberculosis patients in Taiwan. Infection
36:335–340

14. Freemeteo. Home page at: http://www.freemeteo.com
15. Lin YK, Ho TJ, Wang YC (2011) Mortality risk associated with

temperature and prolonged temperature extremes in elderly
populations in Taiwan. Environ Res 111:1156–1163

16. Wilkinson P, Pattenden S, Armstrong B et al (2004) Vulnerability
to winter mortality in elderly people in Britain: population based
study. BMJ 329:647

17. Semenza JC, Rubin CH, Falter KH et al (1996) Heat-related deaths
during the July 1995 heat wave in Chicago. N Engl J Med 335:84–
90

18. Baccini M, Kosatsky T, Analitis A et al (2011) Impact of heat on
mortality in 15 European cities: attributable deaths under different
weather scenarios. J Epidemiol Community Health 65:64–70

19. Bouchama A, Dehbi M, Mohamed G, Matthies F, Shoukri M,
Menne B (2007) Prognostic factors in heat wave related deaths: a
meta-analysis. Arch Intern Med 167:2170–2176

20. [No authors listed] (1997) Cold exposure and winter mortality
from ischaemic heart disease, cerebrovascular disease, respiratory
disease, and all causes in warm and cold regions of Europe. The
EuroWinter Group. Lancet 349:1341–1346

21. Aylin P, Morris S, Wakefield J, Grossinho A, Jarup L, Elliott P
(2001) Temperature, housing, deprivation and their relationship to
excess winter mortality in Great Britain, 1986–1996. Int J
Epidemiol 30:1100–1108

22. Wikipedia. Home page at: http://www.wikipedia.com
23. Wolfe RM (2003) Death in heat waves: beware of fans. BMJ

327:1228
24. Fujino Y, Matsuda S (2009) Prospective study of living arrange-

ment by the ability to receive informal care and survival among
Japanese elderly. Prev Med 48:79–85

Eur J Clin Microbiol Infect Dis (2013) 32:1143–1147 1147

http://www.freemeteo.com
http://www.wikipedia.com/

	Association between use of air-conditioning or fan and survival of elderly febrile patients: a prospective study
	Abstract
	Introduction
	Methods
	Study design and patient population
	Data collection
	Definitions and outcomes
	Data analysis and statistical methods

	Results
	Mortality
	Outcome of primary illness and emergency hospitalization
	Multivariate analysis

	Discussion
	References


