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Background: Excluding the tropics, exacerbations of chronic obstructive pulmonary disease
(COPD) are more frequent in winter. However, studies that directly relate hospitalizations for
exacerbation of COPD to ambient temperature are lacking. The aim of this study was to assess
the influence of temperature on the number of hospitalizations for COPD.

Methods: This was a population-based study in a metropolitan area. All hospital discharges
for acute exacerbation of COPD during 2009 in Barcelona and its metropolitan area were
analyzed. The relationship between the number of hospitalizations for COPD and the mean,
minimum, and maximum temperatures alongside comorbidity, humidity, influenza rate, and
environmental pollution were studied.

Results: A total of 9,804 hospitalization discharges coded with COPD exacerbation as a primary
diagnosis were included; 75.4% of cases were male with a mean age of 74.9£10.5 years and
an average length of stay of 6.51£6.1 days. The highest number of admissions (3,644 [37.2%])
occurred during winter, followed by autumn with 2,367 (24.1%), spring with 2,347 (23.9%), and
summer with 1,446 (14.7%; P<<0.001). The maximum, minimum, and mean temperatures were
associated similarly with the number of hospitalizations. On average, we found that for each
degree Celsius decrease in mean weekly temperature, hospital admissions increased by 5.04%
(r*=0.591; P<<0.001). After adjustment for humidity, comorbidity, air pollution, and influenza-
like illness, only mean temperatures retained statistical significance, with a mean increase of
4.7% in weekly admissions for each degree Celsius of temperature (1°=0.599, P<<0.001).
Conclusion: Mean temperatures are closely and independently related to the number of
hospitalizations for COPD.

Keywords: hospitalization, chronic obstructive pulmonary disease, seasonality, humidity,
pollution

Introduction
Chronic obstructive pulmonary disease (COPD) is one of the most prevalent chronic
diseases and is associated with high morbidity and mortality worldwide. Given that
the prevalence of COPD increases with age, the perspective is that the impact of the
disease will continue to increase in the near future. According to the World Health
Organization, in 2005, COPD affected 210 million people, of whom 3 million died
from the disease.! More recently, the Global Burden of Disease Study estimated that,
in 2010, COPD was the third leading cause of death globally and ninth in disability-
adjusted life years.>?

A great part of this mortality in COPD occurs during exacerbations and the
subsequent weeks, especially in patients hospitalized for severe exacerbations.*
Recent studies show that up to one third of patients with COPD require hospitalization
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for exacerbation of their disease over a period of 3 years.
In addition, these hospitalizations generate the majority of
health care costs and cause a significant deterioration in
quality of life for affected patients.®’ Factors associated
with an increased risk of hospitalization include a prior
history of admissions for COPD exacerbation, older age,
severe pulmonary functional impairment, and the presence
of comorbidities.®$ !

Recently, two publications based on data obtained in the
TORCH and POET trials, (two large international studies
involving over 13,000 patients) investigated the relationship
between exacerbations and seasonality, and confirmed an
increase in exacerbations during the winter months along with
an increase in hospitalizations, although this association was
not observed in the tropics.'>!* Both studies were performed
by comparing seasons, and therefore only indirectly dealt
with temperatures. There are few studies directly assessing
the influence of temperature in exacerbations of COPD,
especially in more severe cases, such as those requiring
hospitalization.

The aim of our study was to assess the influence of tem-
perature on the number of hospital admissions for COPD
exacerbation in a well-defined geographic area and to assess
the influence of humidity, comorbidity, influenza-like illness,
and air pollution on these hospitalizations.

Materials and methods

Discharge codes of all hospitalizations between January 1,
2009 and December 31, 2009 registered in the database of the
Department of Health of Catalonia, excluding gynecologi-
cal and obstetric admissions, were analyzed. This database
includes all hospital discharges, public or otherwise, in
Catalonia. Discharge codes for admissions involving acute
exacerbation of COPD according to the International Clas-
sification of Diseases (ICD9-CM: 491.2, 492.8, 493.2, 494,
or 496 as main diagnoses, and 518.81 or 518.84 with sec-
ondary diagnosis of 491.2, 492.8, 493.2, 494, or 496) were
selected. The collected data included age, sex, geographic
location, length of stay, hospital mortality, comorbidities,
and destination at discharge.

Given the climate diversity in Catalonia, Spain, and
in order to homogenize the sample according to tempera-
ture, we selected only those pertaining to Barcelona and
its metropolitan area (600 km? and 3,000,000 inhabitants)
with a homogeneous Mediterranean climate characterized
by moderate temperatures with mild winters, hot summers,
and a variable climate during spring and autumn. Regions
with a Mediterranean climate are found between 31 and

40 degrees latitude north and south of the equator, on the
western side of continents, and include areas of southern and
southwestern Australia, central Chile, coastal California, the
Western Cape of South Africa, and around the Mediterranean
Sea. Since the temperature is usually a few degrees higher
in the large cities than in the surrounding areas (urban heat
island effect), we also compared the number of admissions
and temperatures in the city of Barcelona with the rest of the
metropolitan area.

The presence of comorbidities was collected using
secondary diagnoses with ICD9-CM grouped up to a total
of 22 diseases. We also calculated the Deyo-Charlson Index,
an adaptation of the Charlson Comorbidity Index for use in
administrative databases.'

Temperature data were obtained from a meteorological
station located in the Barcelona metropolitan area (Valles
Occidental) via the Meteorological Service of Catalonia
(www.meteo.cat). The data collected included mean,
minimum, and maximum temperatures, along with humidity
and precipitation. In order to decrease the noise, these values
were considered by weekly means. In addition, to compare
our results with those published in the TORCH and POET
trials, the numbers of hospitalizations for COPD were also
stratified by month and seasonality. Seasons were defined
as follows: winter (December to February), spring (March
to May), summer (June to August), and autumn (September
to November).'>!3

The rate of respiratory infections was obtained using
data collected in the information plan for acute respiratory
infections in Catalonia (PIDIRAC).!* The PIDIRAC data
are part of the European Influenza Surveillance Scheme,
pertaining to the European Centre for Disease and Control,
and its methodology is similar throughout Europe.!® Briefly,
the PIDIRAC receives information from a sentinel network
of primary care and pediatric physicians who collect the
number of ambulatory consultations and home visits for
influenza-like illness, with a collection of the first two
weekly respiratory samples by nasal and pharyngeal swabs
for viral detection by immunofluorescence or viral poly-
merase chain reaction. All hospitalizations for influenza-
like illness were also studied for respiratory samples, and
all positive cases for influenza virus were notified. Rates
of influenza reported by PIDIRAC were similarly ana-
lyzed. During 2009, PIDIRAC surveillance was extended
throughout the year in response to the emergence of the new
influenza A (HIN1) virus.

Finally, to study the possible relationship between air
pollution and the number of hospital admissions, data on air
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pollution levels were extracted from the air quality database
of Catalonia using the Catalonian Air Quality Index. This
index is based on daily levels of carbon monoxide (CO),
nitrogen dioxide (NO,), sulfur dioxide (SO,), ozone (O,), and
particulate matter (PM, ) emissions. Values obtained in this
index are expressed as a continuous score ranging from below
—50to 100. Stratified air quality values oscillate between less
than —50 (very poor air quality), —49 to 0 (poor), 1-25 (low),
2650 (acceptable), 51-75 (satisfactory), and 76—100 (excel-
lent). That is, a lower score corresponds with increased air
pollution'” (see Table S1 and Figure S1). For the statistical
analysis, rates of both respiratory infections and air quality
were also studied using weekly mean values.

Statistical analysis

Continuous variables are expressed as the mean + standard
deviation while categorical variables are described by abso-
lute and relative frequencies. Means among seasons were
compared using the Welch robust test. Fisher’s Exact test of
proportions was used to compare the influence of different
factors on the proportion of hospitalizations. Simple and
multivariate linear regression models were used to investigate
the relationship between the different variables (measured
in weekly means) and the total number of weekly hospital
admissions for COPD. Multicollinearity of the multivariate
models was checked using Durbin-Watson tests. The real
shape of the model was previously investigated by a general
additive model. The determination coefficient was used to
measure the quality of the models. P-values below 0.05
were considered to be statistically significant. All calcula-
tions were performed with the R.2.10 free software package
(www.r-project.org).

Results

During the year 2009, a total of 967,241 discharges from
Catalonian hospitals were recorded, of which 18,548 (1.9%)
had acute exacerbation of COPD as the main diagnosis.
The average age of patients hospitalized for COPD was
74.5t11.4 years, with 77.3% being male and the average
hospital stay being 7.146.6 days. Of these admissions, 9,804
(53.2%) were in Barcelona and its metropolitan area. The
number of weekly hospitalizations ranged between 89 and
459, with an average of 188.5+80.2 and a median of 174.
Again, these patients were predominantly male (75.4%) with
amean age of 74.91£10.5 years and an average stay of 6.516.1
days. Differences in sex, age, and length of stay between total
COPD admissions in Catalonia and the study sample were
statistically significant (all P<<0.001) but clinically irrelevant
except for the average length of stay.

The highest number of admissions occurred during the
winter, with 3,689 (37.6%) hospitalizations, followed by
autumn with 2,353 (24.0%), spring with 2,328 (23.7%),
and summer with 1,434 (14.6%; P<<0.001, see Figure 1).
The population and climate characteristics and their analysis
grouped by seasonality are detailed in Table 1.

The observed mortality during hospitalization was
3.2%, being higher in the summer months (P=0.050). The
most frequent comorbidities recorded were hypertension
(43.6%), psychiatric disorders including anxiety and/or
depression (42.0%), heart failure (32.8%), ischemic
heart disease (28.3%), and diabetes mellitus (28.0%).
The total number of comorbidities was lower during the
winter months than in the rest of the year (P<<0.001),
although no difference was seen in the Deyo-Charlson
Index (Table 1).

Hospital discharges Catalonia (2009)
967,241

y

COPD discharges Catalonia (2009)
18,548

A

COPD discharges Barcelona metropolitan
area (2009)
9,804

y

A 4

A 4 A4
Winter 3,644 | | Spring 2,347 | |

A
Summer 1,446 H Autumn 2,367

Figure | Flow chart and seasonality of included population.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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Table | Population and climate characteristics stratified by seasons

Total n=9,804  Winter n=3,644  Spring n=2,347 Summer n=1,446  Autumn n=2,367  P-value

Sex (male) 75.4% 2,766 (75.9%) 1,789 (76.2%) 1,087 (75.2%) 1,751 (74%) NS
Weekly hospitalization, n 188.5+80.2 283.8+94.4 181.0+29.3 110.3£15.4 179.1+26.6 <0.001
Age, years (SD) 74.9£10.5 75.4£10.0 75.1£10.3 74.8+11.0 74.2+11.0 <0.001
Length of stay (days) 6.516.0 6.516.0 6.716.4 6.416.2 6.415.6 NS
Comorbidities (n) 29£1.7 2.8+1.7 3.0£1.7 3.0£1.7 3.0£1.7 <0.001
Deyo-Charlson Index 1.4t1.4 1.3£1.4 1.5£1.5 1.4£1.6 1.4+1.4 NS
Mean temperature °C 13.7+6.2 8.3+2.1 16.0+4.0 23.8+2.0 13.4+4.4 <0.01
Maximum temperature °C 19.7+6.6 13.9£3.0 22.314.2 29.7£2.5 19.9+4.9 <0.001
Minimum temperature °C 8.5+5.7 3.5+1.7 10.4£3.6 18.0£1.7 8.3+4.1 <0.001
Precipitation (mm) 1.5£2.3 1.76+2.5 1.7+2.2 0.6x1.0 1.5+2.5 <0.001
Humidity % 71.2£7.9 73.948.5 70.0+6.8 64.816.3 72.516 <0.001
Influenza-like syndromes 3.2% 49.6125 5.6x1.4 11.4+8.7 123.4+103 <0.001
Influenza rate 75.4% 98.3135.3 10.2£17.3 31.2423 200.2+178 <0.001
ICQA maximum 74.9+10.5 65.619.2 59.518.6 64.5+4.3 63.9+9.8 <0.001
ICQA mean 6.516.0 57.318.0 49.246.2 54.1+6.5 53.6+8.3 <0.001
ICQA minimum 29+1.7 43.619.1 40.5£7.9 41.2+12.5 43.4%11.6 <0.001
Hospital mortality |.4+1.4 110 (3%) 78 (3.3%) 6l (4.2%) 61 (2.6%) <0.05

Note: Data are expressed as the mean * standard deviation or percentage.
Abbreviations: ICQA, Catalonian Air Quality Index; NS, not statistically significant; SD, standard deviation.

The mean annual maximum temperature was 19.7°Ct
6.6°C with a maximum of 34.5°C, while the mean of the
minimum temperatures was 8.5°C+5.7°C with a minimum
of 0.0°C. The values of the mean daily temperatures ranged
between 3.8°C and 27°C, with a mean value of 13.7°C+
6.2°C and an interquartile range (25%—75%) between 9.6°C
and 19.2°C. The maximum, minimum, and mean tempera-
tures were closely and similarly related with the number of
hospitalizations (Figure 2). On average, in an unadjusted
model we found that for each Celsius degree decrease in
mean weekly temperature, hospital admissions increased by
5.04% (r*=0.591, P<<0.001, see Figures 3 and 4).

Despite being located in the same geographic area, as with
other densely populated cities, temperatures in Barcelona
were slightly higher than in the metropolitan area (urban
heat island effect), varying a few degrees depending on the
location of the meteorological station. However, we did
not find differences between the pattern of temperature and
hospitalizations between Barcelona city and its metropolitan
area (P=0.08, Figure 5).

The percent humidity was also significantly associated
with the number of hospital admissions (P=0.002), although
this effect disappeared after adjustment in the multivariate
model (P=0.723).
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Figure 2 Relationship between number of hospitalizations for chronic obstructive pulmonary disease (black line), mean weekly temperatures (blue line), and maximum and

minimum temperatures (discontinuous gray line).
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Figure 3 Relationship between mean temperature and number of hospitalizations.
Bivariate linear regression analysis.

During 2009, the new influenza virus A (HIN1) pandemic
was present, with two peaks of incidence in the influenza rate
between the first and third week and later between weeks
41 and 47 of the year. The number of outpatient consulta-
tions and home visits for influenza-like illness increased in
the same weeks, so both were significantly more frequent
in the autumn than in the other seasons (P<<0.001, see
Table 1). Overall, the influenza rate slightly increased the
number of admissions but without statistical significance
(P=0.052), even after adjusting for temperature (P=0.444).

To study the possible relationship between air pollution
and number of hospital admissions, the highest level of
pollution, expressed by mean weekly values (Catalonian
Air Quality Index) was used. Over the year, the mean
score obtained on the Catalonian Air Quality Index scale
was 42.5£10.2, which, according to the scale detailed in
the methods, corresponded to an acceptable air quality.
When stratifying according to the air quality scale, 858
(8.8%) admissions occurred in weeks in which air quality
was considered low (more pollution), 6,481 (66.1%) dur-
ing weeks when it was estimated as acceptable, and 2,645
(26.1%) during periods when it was rated as satisfactory

500
400+
300
200l

100+

Weekly admissions (n)

LI L O
1 1 2 2

Temperature (°C), weekly average

Figure 4 Weekly average temperatures versus weekly hospitalizations.
Note: The solid line represents the linear regression while the dashed line
represents the general additive model with a confidence interval of 95%.

(less pollution). Weeks of pollution coincided with higher
temperatures, although no significant differences were found
between air pollution and number of hospital admissions
(P=0.887).

In multivariate analysis, after adjustment for humidity,
comorbidity, air pollution, and influenza rate, only mean
temperatures retained statistical significance, with a mean
increase of 4.70% weekly admissions for each Celsius degree
decrease (r>=0.599, P<<0.001, see Tables 2 and 3).

Discussion

The main conclusion of our study is the independent
relationship between ambient temperature and number of
hospital admissions for exacerbation of COPD, regardless
of humidity, influenza rate, comorbidity, or environmental
pollution. Although the increase in COPD exacerbations and
the higher number of hospital admissions during the winter
season have been well known for years, the relationship with
ambient temperature has scarcely been studied, and with
contradictory conclusions.!® To the best of our knowledge,
direct evidence of the relationship between temperature and
hospitalizations is scarce.

Most epidemiological studies exploring the influence
of temperature on cardiorespiratory diseases have focused
mainly on the effect of heat. For example, a recent meta-
analysis concerning the relationship between climate and
cardiorespiratory morbidity found only three studies that
examined the effect of cold in these pathologies.'’ In another
study performed in Copenhagen, the authors found a higher
prevalence of hospitalizations for respiratory causes in the
warmest months.?® These data are similar to a Canadian
study that found an association between colder tempera-
tures and cardiovascular diseases but not with respiratory
diseases.”!

In contrast, studies that have specifically analyzed
COPD exacerbations show that numbers increase in the
winter months, including the number of hospitalizations for
exacerbation of COPD.?? Recently, two publications based
on the TORCH and POET trials indicated that the numbers
of COPD exacerbations and hospitalizations in winter were
almost double those in summer, which is in agreement with
our study. Regrettably, both studies were only able to perform
the analysis stratified by month and seasonality, and therefore
only indirectly considered ambient temperature, due to a lack
of climate data analysis.!>!3

There are very few studies about the role of temperature
in the number and severity of COPD exacerbations. A study
performed in Bavaria, Germany, showed an increase of 1%
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Table 2 Crude and adjusted by temperature effects of the
covariates on the weekly total number of admissions for chronic
obstructive pulmonary disease

Crude Adjusted by
temperature

B (95% CI) R? B (95% CI) R?
Temperature 9.5 (-11.7,-7.3) 0591 - -
Humidity 45(1.8,72) 0.180 04(-1826) 0592
Precipitations 85 (-1.6, 186) 0051 -03(-74,67) 0591
Air pollution 1.6 (0.6, 3.0) 0.082 0.9 (-0.04, 1.8) 0.614
Influenza rate 0.2 (0.01-0.4) 0.070  0.05 (-0.07,0.2) 0.596

Note: All time-dependent covariates were considered as weekly means.
Abbreviation: Cl, confidence interval.

in outpatient visits for COPD for each Fahrenheit degree
decrease.” These results are similar to those of two other
studies done in Taiwan, which found an increase of 0.8% in
outpatient consultations for COPD exacerbations for each
1°C decrease in temperature and an increment of emer-
gency room consultations in the colder months.?** Our data
yield similar conclusions in a different climate and with
more severe exacerbations, since it is centered on hospital
admissions. Finally, a population-based study in Scotland
confirmed an increase in hospital admissions for COPD with
a decrease in monthly temperatures, especially in groups of
lower socioeconomic status.?® Other studies link diurnal tem-
perature range with emergency room visits for cardiovascular
disease or mortality from COPD.?7-3°

The reasons for the increase in exacerbations with cold
temperatures are complex and not entirely elucidated. The
most plausible explanation is that the increase in viral infec-
tions acts as a trigger for exacerbation. It is well known that

Table 3 Effect of temperature on number of hospitalizations:
crude and adjusted models for potential confounders

Included variables B (95% CI) R?
Model | Temperature -9.5 (-11.7,-7.3) 0.591
Model 2 Temperature -9.3 (-11.9,-6.7) 0.592
Humidity 0.4 (~1.8, 2.6)
Model 3 Temperature -9.3 (-11.8,-6.7) 0.593
Humidity 0.6 (-2.0,3.2)
Precipitation —1.3 (9.6, 6.9)
Model 4 Temperature -9.0 (-11.7, -6.4) 0.598
Humidity 0.6 (2.1, 3.2)
Precipitation -1.0(-9.3,7.3)
Influenza rate 0.05 (-0.08, -0.18)
Model 5 Temperature -9.0 (-11.6, —6.4) 0618
Humidity 0.4 (-2.2,2.9)
Precipitation —1.9 (-10.2, 6.4)
Influenza rate 0.02 (-0.12, 0.15)
Air pollution 1.6 (0.5, 3.7)

Abbreviation: Cl, confidence interval.

virus alone or associated with bacterial infection is present
in around two thirds of COPD exacerbations. The most
common virus is the human rhinovirus causing the common
cold, which can be found in more than 50% of exacerba-
tions, followed by respiratory syncytial virus, coronavirus,
adenovirus, and others.***! Viral infections lead to increased
basal inflammation being present in the airways of patients
with COPD.*

Most respiratory viral infections in the northern and
southern regions of the world have a seasonal pattern not
observed in the tropics, and they have been associated with
low temperatures, humidity, variations in patient physiology,
and changes in social behavior.*® These respiratory infections
are more common in winter, both in COPD patients and in
the general population, and occur in a wide range of climates,
being more closely related to temperature variations than to
absolute temperatures. Recent research suggests that human
rhinovirus infections, at least in children, are more severe in
winter.** Another possible explanation for the increased num-
ber of hospitalizations for COPD in winter is the decline in
lung function with the cold, and the increased airway inflam-
mation and longer duration of exacerbation experienced by
COPD patients with decreasing temperatures.®>=8

Our study confirms the low impact of the influenza
A (HIN1) pandemic in 2009 on the number of hospi-
talizations for COPD. The pandemic in 2009 affected
predominantly the young population, probably because
of residual immunity in the elderly from previous anti-
genically similar virus exposure.’* Only 10% of patients
hospitalized for influenza A in Catalonia in 2009 had a
diagnosis of COPD."

Other factors associated with an increase in COPD exac-
erbations in some studies are low humidity and higher air
pollution levels, although their role appears less relevant than
that of falling temperatures, and in our study their significance
disappeared after adjustment for temperature.?30-31:40-42

Our study has some limitations. First, the collected
data about the number of COPD admissions were based on
hospital discharge codes, so we cannot rule out errors inherent
in coding or data not collected with the etiology of the exac-
erbation. The definition of discharge codes based on ICD-9
is used in all previous studies using this methodology and
their accuracy has been validated in several studies.*** This
limitation is common to all studies performed with the same
methodology, and is partially compensated for by the large
sample size.’ Additionally, our population was very similar
in terms of sex, age, and length of stay to that reported in
prospective cohort studies conducted in the same area.!**
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Supplementary materials
Method for calculating ICQA

Based on the concentration of pollutants listed in Table S1, the lowest level (worst air quality) of O,, PM

10°

NO, was selected. The mean average of all the pollutants is considered the daily ICQA.

Table S| List of emission levels/ICQA for different pollutants

ICQA O, ug/m* | h PM  pg/m*24h CO mg/im®8h SO, ug/m* I h NO, ug/m* I h
100 0 0 0 0 0
50 110 35 6 200 90
0 180 50 10 350 200
-100 400 350 17 1.500 1.130
-200 800 420 34 3.000 2.260
-300 990 500 46 3.750 3.000
—400 1.200 600 58 4.900 3.750
Abbreviations: ICQA, Catalonian Air Quality Index; h, hours.
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Figure S| Method for calculating ICQA.
Note: Government of Catalonia. Department of Planning and Sustainability. Environment and Sustainability.'
Abbreviation: ICQA, Catalonian Air Quality Index.
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