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ABSTRACT
Objective: To evaluate the association between the risk of death from COPD and air 
temperature events in ten major Brazilian microregions. Methods: This was a time 
series analysis of daily COPD deaths and daily mean air temperatures between 1996 
and 2017. Using distributed nonlinear lag models, we estimated the cumulative relative 
risks of COPD mortality for four temperature percentiles (representing moderate and 
extreme cold and heat events) in relation to a minimum mortality temperature, with a lag 
of 21 days, in each microregion. Results: Significant associations were found between 
extreme air temperature events and the risk of death from COPD in the southern and 
southeastern microregions in Brazil. There was an association of extreme cold and 
an increased mortality risk in the following microregions: 36% (95% CI, 1.12-1.65), 
in Porto Alegre; 27% (95% CI, 1.03-1.58), in Curitiba; and 34% (95% CI, 1.19-1.52), 
in São Paulo; whereas moderate cold was associated with an increased risk of 20% 
(95% CI, 1.01-1.41), 33% (95% CI, 1.09-1.62), and 24% (95% CI, 1.12-1.38) in the same 
microregions, respectively. There was an increased COPD mortality risk in the São Paulo 
and Rio de Janeiro microregions: 17% (95% CI, 1.05-1.31) and 12% (95% CI, 1,02-1,23), 
respectively, due to moderate heat, and 23% (95% CI, 1,09-1,38) and 32% (95% CI, 
1,15-1,50) due to extreme heat. Conclusions: Non-optimal air temperature events were 
associated with an increased risk of death from COPD in tropical and subtropical areas 
of Brazil.
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INTRODUCTION

In 2019, COPD was the fourth leading cause of death 
in Brazil according to the Global Burden of Disease. (1) 
In addition, COPD prevalence in the Americas is the 
highest among WHO regions.(2) At the same time, 
climate change has already been a reality, including 
in Brazil,(3) and the new challenge is to study the 
relationship between chronic diseases and environmental 
variables. Furthermore, extreme air temperatures are 
a risk factor for the occurrence and exacerbation of 
lung diseases, as well as mortality, and, according to 
the Intergovernmental Panel on Climate Change, this 
exposure will become more frequent and intense with 
the progression of the climate transition.(4,5)

It is still unclear whether the effect of air temperature 
on COPD has a higher association with cold or warm 
temperatures. A national level Chinese study using a 
similar methodology to that in this study found that 
colder air temperatures were more often associated 
with the occurrence of death from COPD,(6) whereas a 
study involving 12 cities in the USA, using a different 
methodology, estimated that the effect of heat during 

summer was responsible for an increase of up to 25% 
in COPD deaths.(7) In addition to these studies,(6,7) the 
relationship between temperature and different COPD 
outcomes has been studied all over the world.(8)

Considering the relative lack of research on this topic 
in Brazil, the objective of this study was to investigate 
the relationship between air temperature and COPD 
mortality in several geographic microregions that are 
representative of all macroregions in Brazil.

METHODS

In this time series study, the relationship between 
daily mean air temperature and the number of daily 
deaths from COPD in ten Brazilian microregions was 
evaluated. The two largest microregions of each of 
the five Brazilian macroregions (North, Northeast, 
Central-West, Southeast, and South) were selected, 
except in the Central-West macroregion, where the 
first and third largest microregions were selected due 
to the geographical proximity of the second largest 
(Goiânia) to the first one (Brasília). Thus, the selected 
microregions were the following: Belém and Manaus 
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(North), Salvador and Fortaleza (Northeast), Campo 
Grande and Brasília (Central-West), São Paulo and 
Rio de Janeiro (Southeast), and Porto Alegre and 
Curitiba (South). The study comprised a total of 
105 Brazilian municipalities, representing different 
climate regions in the country, within a period of 22 
years (from January 1, 1996, to December 31, 2017).

Data on mortality from COPD were collected via the 
Brazilian Ministry of Health Information Department, 
specifically retrieved from the Mortality Information 
System(9) based on the primary cause of death 
(COPD) which was defined in accordance with the 
Tenth Edition of the International Classification of 
Diseases (codes J41-J44).(6)

Daily mean temperature data were estimated from 
the ERA-Interim reanalysis, developed by the European 
Center for Medium-Term Weather Forecasting, which 
provides four daily air temperature values at points on 
a uniform horizontal grid with approximately 13 km 
of space between them.(10,11) This reanalysis model is 
conceived from a forecasting system combined with the 
assimilation of meteorological information from ships, 
satellites, planes, radars, radiosondes, and surface 
meteorological stations.(12) By calculating the mean 
of the four values of air temperature, we obtained the 
mean daily temperatures for those points. Then, to 
obtain the daily mean temperature for the microregions, 
we calculated the mean value of all points identified 
within the territory of each microregion.

Although data from meteorological stations are 
more reliable, their irregular distribution, incomplete 
time series, and large territorial gaps from such 
stations make a time series analysis unfeasible. Thus, 
the data from ERA-Interim solve these difficulties 
due to a correlation equal to or greater than 96% 
when compared with data from existing surface 
meteorological stations.(13) In addition, air temperature 
means are the most used data as parameters for 
analysis in climate and health studies. Although there 
is variation in air temperature within each microregion, 
the mean daily air temperature is representative of 
the temperature behavior in each microregion.(13)

To study the association between daily COPD deaths 
and mean daily air temperature, generalized additive 
models were fitted with a negative binomial distribution 
together with a natural cubic spline of time with eight 
degrees of freedom per year to adjust for long-term 
trend and seasonality, as well as days of the week 
to adjust for short-term seasonality.

For inferential analysis and modeling, which 
characterizes the focus of the present study, distributed 
lag nonlinear models were used.(14) After selecting a 
natural spline with five degrees of freedom for the 
exposure-response function, a polynomial function 
with one intercept and four degrees of freedom for 
the lag-response function, and 21 days of lag, we 
estimated, for each microregion, the cumulative 
relative risks of death from COPD in percentiles 
of air temperature distribution with the minimum 

mortality temperature (MMT)—that is, the reference 
temperature at which there is minimum risk of 
mortality in the accumulated lag(15)—corresponding 
to the total accumulated risk. The 2.5th and 10th 
percentiles were chosen to represent, respectively, 
extreme cold and moderate cold, as were the 90th 
and 97.5th percentiles to represent moderate heat 
and extreme heat.

We estimated the fractions and numbers of events 
attributable to non-optimal temperatures, accumulated 
up to the 21st day, with the forward method(16) of 
current exposure to future risks. We calculated the 
following components:

a.	 Attributable risk (AR) to extreme cold (between 
the lowest temperature and the 2.5th percentile)

b.	 AR to moderate cold (between the 2.5th and 
10th percentiles)

c.	 AR to mild cold (between the 10th percentile 
and the MMT)

d.	 AR to mild heat (between MMT and the 90th 
percentile)

e.	 AR to moderate heat (between the 90th and 
97.5th percentiles)

f.	 AR to extreme heat (between the 97.5th percentile 
and the highest temperature)

We analyzed the residuals of the models to detect 
possible serial autocorrelations and performed a 
sensitivity analysis to assess the robustness of the 
main model against the ones produced with many 
different parameter alterations (supplementary Table 
S1 and Figure S1). The R software, version 3.4.0 (The 
R Project for Statistical Computing, Vienna, Austria) 
was used, especially the dlnm package.(17) The related 
scripts are available on Github (https://github.com/
joao-med/COPD-Temperature).

Due to the public nature of the data, the research 
was exempted from approval by a research ethics 
committee in accordance with Resolution No.510 of 
the Brazilian National Health Council.

RESULTS

We analyzed a total of 208,169 COPD deaths in ten 
Brazilian microregions, ranging from 3,812 deaths in 
the Campo Grande microregion, with 0 to 5 daily cases, 
and 67,806 deaths in the São Paulo microregion, with 
0 to 26 daily cases (Table 1 and Figure 1).

In all microregions analyzed, the lowest mean air 
temperatures were identified in the middle of the 
year (months of June and July) except in Manaus, 
Belém, and Fortaleza microregions. Meanwhile, the 
highest mean air temperatures occurred at the end 
and the beginning of the year (between October and 
March). These variations correspond to winters (lower 
temperatures) and late summers (higher temperatures) 
in the southern hemisphere. During the studied period, 
the lowest mean air temperature was in the Curitiba 
microregion (18.7°C), whereas the highest one was 
in the Fortaleza microregion (27.3°C). In addition, the 
highest and the lowest air temperatures were found 
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in the Campo Grande (32.7°C) and Curitiba (4.5°C) 
microregions, respectively. Simultaneously, the MMT 
varied from 17.9°C to 28.5°C in the Curitiba and Belém 
microregions, respectively (Table 2 and Figure 1).

There was an association between COPD deaths 
and air temperature, especially in the most populous 
microregions such as São Paulo, Rio de Janeiro, 
and Porto Alegre _(the first two in the Southeast 
macroregion and the last one in the South one). These 
three microregions had the highest mean daily death 
rates (Table 1), which contributed to a more reliable 
estimate of the relative risks (Table 3 and Figure 2).

The percentile attributable to extreme cold showed 
an increased risk of death from COPD of 36%, 27%, 
and 34%, respectively, in the Porto Alegre, Curitiba, 
and São Paulo microregions, while moderate cold 
showed a significant increase of 20%, 33%, and 24% 
in the same microregions. Furthermore, an increased 
risk of moderate heat was estimated to be 17% 
and 12%, respectively, in the São Paulo and Rio de 
Janeiro microregions. Regarding extreme heat, the 
microregions that showed significant results were 
Campo Grande, São Paulo, and Rio de Janeiro, with 
increases in the mortality risk of 55%, 23%, and 
32%, respectively (Table 3).

The fraction of COPD deaths attributable to cold air 
temperature over the entire study period (from 1996 
to 2017) was 8.83% in the São Paulo microregion, 
whereas, in the Porto Alegre microregion, with 
the combination of extreme and moderate cold 
temperatures, that value was 3.35%. Regarding 
heat, the attributable fraction was 3.21% in the São 
Paulo microregion. Considering extreme heat only, 
the attributable fraction was 1.40% in the Campo 
Grande microregion, whereas that was 1.86% in the 
Rio de Janeiro microregion, considering both extreme 
and moderate heat (Table 4).

Regarding the attributable deaths for different mean 
air temperatures during the studied period, the São 
Paulo microregion had the most significant results: 
the range corresponding to moderate cold and mild 
cold might have been responsible for, respectively, 
1,267 (95% CI, 770-1,727) and 4,108 deaths (95% 
CI, 1,631-6,525). Meanwhile, the number of deaths 
attributable to mild and moderate heat were, in this 
order, 1,097 (95% CI, 50-2,032) and 771 (95% CI, 
361-1,169). On the other hand, extreme heat might 
have been responsible for 412 deaths (95% CI, 226-
562) in the Rio de Janeiro microregion, which showed 
the most significant result between 1996 and 2017.

In the Fortaleza and Salvador microregions, no 
associations were present in any lag. However, 
associations with extreme cold or extreme heat 
were present in almost all lags in all of the other 
microregions (Figures S2 and S3).

DISCUSSION

The present study carried out a comprehensive 
analysis of the Brazilian territory and population, T
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evaluating the impact of air temperature on COPD 
mortality in tropical and subtropical areas. Moreover, 
due to the scarcity of material available with similar 
analyses, we expanded the knowledge on health and 
climate, bringing important information for better 
decision making and consequent improvement of public 
health. We investigated ten Brazilian microregions, 
located in all macroregions and representing the 
major climate types of the country, with an estimated 
number of 27,090,704 people and 208,169 deaths 
from COPD during the period between 1996 and 2017. 
Furthermore, we identified a significant association 
between extreme air temperature events and the risk 
of death from COPD in the southern and southeastern 
microregions of the country, with an emphasis on the 
microregion of São Paulo, where there was the highest 
number of recorded deaths. In this microregion, 1,836 
deaths were attributable to exposure to non-optimal 
air temperature conditions in the period analyzed, and 
the risk of death from COPD increased significantly in 
both cold and warm moderate and extreme temperature 
events, regardless whether below or above the MMT.

Another important feature that strengthens our 
analysis is the use of distributed lag nonlinear 
models that capture complex relationships between 
the relationship of air temperature and COPD 
deaths,(14,18) by calculating nonlinear relationships and 
exposure implications from a lagged perspective. This 
methodology also provides relative and attributable risk 
estimation for different temperatures and lags.(14,19)

To compare our research with the various results 
presented around the world, it is worth noting that 
a similar study in China published in 2018 found a 

fraction of 12.6% (95% CI, 10.31-12.57) of COPD 
deaths attributable to air temperature, presenting a 
curve where most of the deaths were due to colder 
temperatures.(6) Likewise, for the same air temperature 
conditions, we found an attributable fraction of 12.04% 
(95% CI, 4.8-18.98) in the São Paulo microregion 
and an analogous modeled curve.

Regarding the risk of death from COPD, an American 
study found by means of logistic regression models a 
19% increased chance among elderly individuals with 
COPD of dying on the same day when the maximum 
temperature was lower than or equal to the 1st 
percentile, as compared with patients without COPD. (20) 
This finding is consistent with our results of COPD 
mortality risk at the extremely cold temperature (in 
percentile) in the Porto Alegre, Curitiba, and São Paulo 
microregions. In turn, a study with data between 1980 
and 2000 in New Zealand reported that the mortality 
rate was 18% higher in winter than that expected when 
compared with other months, 31% of excess deaths 
being attributable to respiratory disease.(21) Finally, 
a large study in Taiwan found that a 5°C decrease in 
mean daily temperature correlated significantly with 
increased hospital admissions due to COPD on the 
same day and on the 28 consecutive days.(22)

Considering that the likely mechanisms influencing 
COPD mortality would first have to lead to an 
exacerbation of the disease, exposure to low air 
temperatures might facilitate this event by several 
means. Since an increase in morbidity and mortality 
is already expected in winter,(18,23) some explanations 
are usually pointed out, such as those indicating the 
relationship between cold temperature and decreased 
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Figure 2. Accumulated relative risk (RR) curves by temperature. The gray margins indicate the confidence interval of 
the measurement, the vertical line indicates the minimum mortality temperature, and the lines below the x-axis indicate 
single measurements of temperature.
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lung function,(18) infection by viral agents,(21) direct 
effect of cold on bronchoconstriction, and decreased 
mucociliary clearance that may result in exacerbation 
of COPD progressively.(20)

Regarding warmer air temperatures, the moderate 
heat percentile in the São Paulo microregion was 
found to be a risk factor for COPD mortality, as was 
in the Rio de Janeiro one. By the possible effect of 
heat, the aforementioned American study estimated 
that the effect of increasing air temperatures during 
summer was responsible for an increase of up to 25% 
in the causes of death from COPD.(7) Accordingly, 

another research carried out specifically in New York 
City found, through a generalized additive model, 
that each 1°C above the temperature of 29°C (75th 
percentile) meant a 7.6% increase in the risk of 
hospital admission for COPD with a 3-day lag.(24) 
Finally, another American study estimated a 4.7% 
increase in the risk of same-day COPD hospitalization 
among the elderly for every 5.6°C increase in mean 
ambient temperature during summer.(25)

Concerning this issue, heat exposure is related to 
events that may lead to bronchoconstriction mediated 
by cholinergic factors,(8) hyperventilation in extreme 
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temperature events,(26) and release of cytokines such 
as IL-1 and IL-6.(3) In addition to direct relationships, 
high air temperatures may increase the risk of 
exacerbations by interacting with variables such as air 
pollution, ozone level in the atmosphere, and clinical 
history of cardiovascular disease.(23,26)

Epidemiological studies since the 1940s have shown 
an association between cold temperatures and adverse 
cardiovascular effects.(27) A study in China published 
in 2023 demonstrated that temperature extremes, 
either cold or hot, increased the risk of mortality 
from ischemic heart disease in different regions of 
the country.(28) As for Brazil, a study investigated the 
relationship between air temperature and mortality 
from cerebrovascular diseases, in which non-optimal 
temperatures (either cold or hot) were associated with 
an increased risk of death in all Brazilian regions. (29) 
However, it should be noted that a clear effect of 
exposure is not always found in all localities.(8) This can 
be mainly explained by factors such as acclimatization 
of the local population, intrinsic variations in climate, 
such as mean air temperature, temperature range, 
and relative humidity, as well as access to health 
care services, quality infrastructure, air conditioning, 
and other socioeconomic factors.(3,30) In this context, 
access to a quality health care services, establishment 
of bronchodilator therapy, changes in habits, such as 
smoking cessation and initiation of physical activity, 
might change the quality of life and life expectancy and 
could be associated with the response of the disease 
to different temperatures.(22) Furthermore, although 
our study did not detail the population groups in the 
microregions, there is evidence in the literature that 
the elderly, women, and people with a low educational 
level are more vulnerable to health events, such as 
deaths from stroke, in non-optimal temperatures.(29) 
Other variables such as COPD stages and number of 
exacerbations were important limitations of the study, 
since they represent significant disease prognostic 
data. However, these clinical variables are not 
present in mortality databases. Other studies, using 
different data sources and analysis methods, could 
add information about the importance of these clinical 
variables as modifiers of the effect of air temperature 
on COPD mortality.

Likewise, a recent study on COPD hospitalizations 
suggested that the lack of association between 
heat and hospitalizations could be related to higher 
socioeconomic development and consequent better 
access to the health care system in the southern 
region of Brazil.(3) In turn, the present study found 

no significant relationship between heat and COPD 
mortality in the two southern microregions analyzed 
(Porto Alegre and Curitiba); in the meantime, cold 
was associated as a risk factor for mortality. The 
aforementioned finding does not exclude the possibility 
that the socioeconomic development of a region is 
related to the outcome, but it points out that new 
studies should introduce these variables together 
with air temperature.

When considering the limitations of the study, 
although many confounders and trends were controlled 
by the time scale and models used, the addition of data 
regarding air pollution, including particulate materials 
and gases such as nitrogen dioxide, ozone, and sulfur 
dioxide, could have increased the predictive power 
of the models.(8,18,23,24,30) However, these data are 
extremely limited in all regions and periods studied. 
The low daily frequency of deaths in some of the 
regions studied also made it impossible to estimate 
the effects of temperature on specific demographic 
groups by sex and age; considering the importance 
of this knowledge for public health, a more detailed 
analysis should be carried out in future studies, using 
data only from the most populous microregions, such 
as São Paulo.

In conclusion, this study expands the knowledge 
about the relationship between air temperature and 
mortality from COPD and contributes to studies that 
show significant effects of global warming on both 
health risk and burden on health care systems after 
extreme events. Thus, it is necessary to institute 
preventive measures from the recognition of this 
phenomenon to create local confrontation guidelines. 
Thus, it is important to guide the most vulnerable 
population about measures to mitigate possible 
deleterious effects on health, in addition to preparing 
and adapting public services and professionals to the 
increased demand for health care during such periods.

AUTHOR CONTRIBUTIONS

All authors contributed to study conception and 
design. JPMG, MCN, and WCMF: material preparation; 
and data collection and analysis. IMR: material 
preparation; data collection and analysis; and drafting 
of the manuscript.. All authors reviewed the manuscript 
and approved the final manuscript.

CONFLICTS OF INTEREST

None declared.

REFERENCES

1.	 GBD 2019 Diseases and Injuries Collaborators. Global burden of 
369 diseases and injuries in 204 countries and territories, 1990-
2019: a systematic analysis for the Global Burden of Disease 
Study 2019 [published correction appears in Lancet. 2020 Nov 
14;396(10262):1562]. Lancet. 2020;396(10258):1204-1222. 10.1016/
S0140-6736(20)30925-9

2.	 Varmaghani M, Dehghani M, Heidari E, Sharifi F, Moghaddam SS, 
Farzadfar F. Global prevalence of chronic obstructive pulmonary 
disease: systematic review and meta-analysis. East Mediterr Health 
J. 2019;25(1):47-57. https://doi.org/10.26719/emhj.18.014

3.	 Zhao Q, Li S, Coelho MSZS, Saldiva PHN, Xu R, Huxley RR, et al. 
Ambient heat and hospitalisation for COPD in Brazil: a nationwide 

J Bras Pneumol. 2023;49(5):e202204428/9

https://www.zotero.org/google-docs/?5TWy5y
https://www.zotero.org/google-docs/?KHPL5s
https://www.zotero.org/google-docs/?hGxIF1
https://www.zotero.org/google-docs/?nl2FQu
https://www.zotero.org/google-docs/?5Attj6
https://www.zotero.org/google-docs/?6pwbqS
https://www.zotero.org/google-docs/?x5Tf9h
https://www.zotero.org/google-docs/?m5rp7y
https://www.zotero.org/google-docs/?KBNXjb
https://www.zotero.org/google-docs/?IMc2CD
https://doi.org/10.1016/s0140-6736(20)30925-9
https://doi.org/10.1016/s0140-6736(20)30925-9
https://doi.org/10.26719/emhj.18.014


Ribas IM, Gomes JPM, Valadares PAR, Jardim LS, Nogueira MC, Ferreira CCM, Farias WCM, Ferreira LCM

case-crossover study. Thorax. 2019;74(11):1031-1036. https://doi.
org/10.1136/thoraxjnl-2019-213486

4.	 Han J, Liu S, Zhang J, Zhou L, Fang Q, Zhang J, et al. The impact 
of temperature extremes on mortality: a time-series study in Jinan, 
China. BMJ Open. 2017;7(4):e014741. https://doi.org/10.1136/
bmjopen-2016-014741

5.	 Intergovernmental Panel on Climate Change, editor. Climate Change 
2013 - The Physical Science Basis: Working Group I Contribution 
to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change [Internet]. 1st ed. Cambridge University Press; 2014.  
https://doi.org/10.1017/CBO9781107415324

6.	 Chen R, Yin P, Wang L, Liu C, Niu Y, Wang W, et al. Association 
between ambient temperature and mortality risk and burden: time 
series study in 272 main Chinese cities. BMJ. 2018;363:k4306. 
https://doi.org/10.1136/bmj.k4306

7.	 Braga AL, Zanobetti A, Schwartz J. The effect of weather on 
respiratory and cardiovascular deaths in 12 U.S. cities. Environ 
Health Perspect. 2002;110(9):859-863. https://doi.org/10.1289/
ehp.02110859

8.	 Hansel NN, McCormack MC, Kim V. The Effects of Air Pollution and 
Temperature on COPD. COPD. 2016;13(3):372-379. https://doi.org/1
0.3109/15412555.2015.1089846

9.	 Brasil. Ministério da Saúde. Tecnologia da Informação a Serviço do 
SUS (DATASUS) [homepage on the Internet]. Brasília: Ministério da 
Saúde; c2022 [cited 2022 Jun 22]. Available from: https://datasus.
saude.gov.br/

10.	 Berrisford P, Dee DP, Poli R, Fielding BM, Fuentes M, Kallberg 
PW, et al. The ERA-Interim archive Version 2.0, ERA Report Series. 
Reading, UK: Shinfield Park; 2011.

11.	 Dee DP, Uppala SM, Simmons AJ, Berrisford P, Poli P, Kobayashi S, et 
al. The ERA-Interim reanalysis: configuration and performance of the 
data assimilation system. Q J Roy Meteorol Soc. 2011;137(656):553-
97. https://doi.org/10.1002/qj.828

12.	 Moreira A, Fontana DC, Kuplich TM, Cardoso MA. Dados 
meteorológicos estimados em condições de clima subtropical 
e a relação com Índices de Vegetação. Rev Bras Cartogr. 
2018;70(4):1409-1436. 0.14393/rbcv70n4-46510 https://doi.
org/10.14393/rbcv70n4-46510

13.	 Yang J, Yin P, Zhou M, Ou CQ, Li M, Li J, et al. The burden of 
stroke mortality attributable to cold and hot ambient temperatures: 
Epidemiological evidence from China. Environ Int. 2016;92-93:232-
238. https://doi.org/10.1016/j.envint.2016.04.001

14.	 Gasparrini A, Armstrong B, Kenward MG. Distributed lag non-linear 
models. Stat Med. 2010;29(21):2224-2234. https://doi.org/10.1002/
sim.3940

15.	 Tobías A, Armstrong B, Gasparrini A. Brief Report: Investigating 
Uncertainty in the Minimum Mortality Temperature: Methods and 
Application to 52 Spanish Cities. Epidemiology. 2017;28(1):72-76. 
https://doi.org/10.1097/EDE.0000000000000567

16.	 Gasparrini A, Leone M. Attributable risk from distributed lag models. 
BMC Med Res Methodol. 2014;14:55. https://doi.org/10.1186/1471-
2288-14-55

17.	 Gasparrini A. Distributed Lag Linear and Non-Linear Models in R : 
The Package dlnm. J Stat Softw. 2011;43(8):1-20.  https://doi.
org/10.18637/jss.v043.i08

18.	 Zhang Y, Liu X, Kong D, Fu J, Liu Y, Zhao Y, et al. Effects of Ambient 
Temperature on Acute Exacerbations of Chronic Obstructive 
Pulmonary Disease: Results from a Time-Series Analysis of 143318 
Hospitalizations [published correction appears in Int J Chron Obstruct 
Pulmon Dis. 2021 Jul 19;16:2129-2131]. Int J Chron Obstruct Pulmon 
Dis. 2020;15:213-223. https://doi.org/10.2147/COPD.S224198

19.	 Gasparrini A, Guo Y, Hashizume M, Lavigne E, Zanobetti A, Schwartz 
J, et al. Mortality risk attributable to high and low ambient temperature: 
a multicountry observational study. Lancet. 2015;386(9991):369-375. 
https://doi.org/10.1016/S0140-6736(14)62114-0

20.	 Schwartz J. Who is sensitive to extremes of temperature?: A 
case-only analysis. Epidemiology. 2005;16(1):67-72. https://doi.
org/10.1097/01.ede.0000147114.25957.71

21.	 Davie GS, Baker MG, Hales S, Carlin JB. Trends and determinants of 
excess winter mortality in New Zealand: 1980 to 2000. BMC Public 
Health. 2007;7:263. https://doi.org/10.1186/1471-2458-7-263

22.	 Tseng CM, Chen YT, Ou SM, Hsiao YH, Li SY, Wang SJ, et al. The 
effect of cold temperature on increased exacerbation of chronic 
obstructive pulmonary disease: a nationwide study. PLoS One. 
2013;8(3):e57066. https://doi.org/10.1371/journal.pone.0057066

23.	 Gayle AV, Quint JK, Fuertes EI. Understanding the relationships 
between environmental factors and exacerbations of COPD. Expert 
Rev Respir Med. 2021;15(1):39-50. https://doi.org/10.1080/1747634
8.2020.1801426

24.	 Lin S, Luo M, Walker RJ, Liu X, Hwang SA, Chinery R. Extreme 
high temperatures and hospital admissions for respiratory and 
cardiovascular diseases. Epidemiology. 2009;20(5):738-746. https://
doi.org/10.1097/EDE.0b013e3181ad5522

25.	 Anderson GB, Dominici F, Wang Y, McCormack MC, Bell ML, 
Peng RD. Heat-related emergency hospitalizations for respiratory 
diseases in the Medicare population. Am J Respir Crit Care Med. 
2013;187(10):1098-1103. https://doi.org/10.1164/rccm.201211-
1969OC

26.	 Michelozzi P, Accetta G, De Sario M, D’Ippoliti D, Marino C, Baccini 
M, et al. High temperature and hospitalizations for cardiovascular and 
respiratory causes in 12 European cities. Am J Respir Crit Care Med. 
2009;179(5):383-389. https://doi.org/10.1164/rccm.200802-217OC

27.	 Liu C, Yavar Z, Sun Q. Cardiovascular response to 
thermoregulatory challenges. Am J Physiol Heart Circ 
Physiol. 2015;309(11):H1793-H1812. https://doi.org/10.1152/
ajpheart.00199.2015

28.	 Guo Y, Li S, Zhang Y, Armstrong B, Jaakkola JJ, Tong S, et al. 
Extremely cold and hot temperatures increase the risk of ischaemic 
heart disease mortality: epidemiological evidence from China. Heart. 
2013;99(3):195-203. https://doi.org/10.1136/heartjnl-2012-302518

29.	 Mascarenhas MS, Silva DDD, Nogueira MC, Farias WCM, Ferreira 
CCM, Ferreira LCM. The effect of air temperature on mortality from 
cerebrovascular diseases in Brazil between 1996 and 2017. Cien 
Saude Colet. 2022;27(8):3295-3306. https://doi.org/10.1590/1413-
81232022278.05092022en

30.	 Li M, Chen S, Zhao H, Tang C, Lai Y, Ung COL, et al. The short-
term associations of chronic obstructive pulmonary disease 
hospitalizations with meteorological factors and air pollutants in 
Southwest China: a time-series study. Sci Rep. 2021;11(1):12914. 
https://doi.org/10.1038/s41598-021-92380-z

J Bras Pneumol. 2023;49(5):e20220442 9/9

https://doi.org/10.1136/thoraxjnl-2019-213486
https://doi.org/10.1136/thoraxjnl-2019-213486
https://doi.org/10.1136/bmjopen-2016-014741
https://doi.org/10.1136/bmjopen-2016-014741
https://doi.org/10.1017/CBO9781107415324
https://doi.org/10.1136/bmj.k4306
https://doi.org/10.1289/ehp.02110859
https://doi.org/10.1289/ehp.02110859
https://doi.org/10.3109/15412555.2015.1089846
https://doi.org/10.3109/15412555.2015.1089846
https://datasus.saude.gov.br/
https://datasus.saude.gov.br/
https://doi.org/10.1002/qj.828
https://doi.org/10.14393/rbcv70n4-46510
https://doi.org/10.14393/rbcv70n4-46510
https://doi.org/10.1016/j.envint.2016.04.001
https://doi.org/10.1002/sim.3940
https://doi.org/10.1002/sim.3940
https://doi.org/10.1097/EDE.0000000000000567
https://doi.org/10.1186/1471-2288-14-55
https://doi.org/10.1186/1471-2288-14-55
https://doi.org/10.18637/jss.v043.i08
https://doi.org/10.18637/jss.v043.i08
https://doi.org/10.2147/COPD.S224198
https://doi.org/10.1016/S0140-6736(14)62114-0
https://doi.org/10.1097/01.ede.0000147114.25957.71
https://doi.org/10.1097/01.ede.0000147114.25957.71
https://doi.org/10.1186/1471-2458-7-263
https://doi.org/10.1371/journal.pone.0057066
https://doi.org/10.1080/17476348.2020.1801426
https://doi.org/10.1080/17476348.2020.1801426
https://doi.org/10.1097/EDE.0b013e3181ad5522
https://doi.org/10.1097/EDE.0b013e3181ad5522
https://doi.org/10.1164/rccm.201211-1969OC
https://doi.org/10.1164/rccm.201211-1969OC
https://doi.org/10.1164/rccm.200802-217OC
https://doi.org/10.1152/ajpheart.00199.2015
https://doi.org/10.1152/ajpheart.00199.2015
https://doi.org/10.1136/heartjnl-2012-302518
https://doi.org/10.1590/1413-81232022278.05092022en
https://doi.org/10.1590/1413-81232022278.05092022en
https://doi.org/10.1038/s41598-021-92380-z

