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• Weused cumulative degree hour (CDH)
to assess the threshold of temperature.

• CDHwas negatively associated with the
indoor temperature in hot season.

• CDH was positively associated with the
indoor temperature in cold season.

• Different gender and age groupshad dif-
ferent CDH thresholds.

• Policymaker should consider the cumu-
lative effect of indoor temperature.
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Studies have demonstrated that exposure to extreme outdoor temperatures increases cardiovascular disease
mortality andmorbidity. However, people spend 80%–90% of their time indoors, and the cumulative effects of ex-
posure to high or low temperature on the risk of cardiovascular diseases had not been considered. This study in-
vestigated the cumulative effects of high or low indoor temperature exposure on the risk of cardiovascular
diseases. We estimated indoor temperatures by using a prediction model of indoor temperature from a previous
study and further calculated the cumulative degree hours at different indoor temperature ranges. Samples of
emergency department visits due to cardiovascular diseases were collected from the Longitudinal Health Insur-
ance Database (LHID) from 2000 to 2014 in Taiwan. We used a distributed lag nonlinear model to analyze the
data. Our data demonstrated a significant risk of emergency department visits due to cardiovascular diseases
at 27, 28, 29, 30, and 31 °C when cooling cumulative degree hours exceeded 62, 43, 16, 1, and 1 during the hot
season (May to October), respectively, and at 19, 20, 21, 22, and 23 °C when heating cumulative degree hours
exceeded 1, 1, 1, 11, and 33 during the cold season (November to April), respectively. Cumulative degree
hours were different according to gender and age groups. Policymakers should further consider the cumulative
effects to prevent hot- or cold-related cardiovascular diseases for populations.
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1. Introduction

Climate change is a major global public health concern
(Intergovernmental Panel on Climate Change, 2014). Studies have dem-
onstrated that extreme outdoor temperature exposure increases mor-
tality or hospital admission related to cardiovascular diseases by using
the diurnal temperature range, temperature change between two con-
secutive days, or degree of acclimatization (Burkart et al., 2011; Guo
et al., 2011; Kingsley et al., 2015; Lee et al., 2014; Milojevic et al.,
2016; Turner et al., 2012). However, people spend 80–90% of their
time indoors (Klepeis et al., 2001; Leech et al., 2002), buildingmaterials,
air conditioning usage, and human activities also change the indoor
temperature range (Jung et al., 2019); thus, exposure profiles are differ-
ent between indoor and outdoor temperatures. Indoor temperature
may be a more crucial factor influencing human health compared
with outdoor temperature.

Some studies measured the change between indoor and outdoor
temperature (Saeki et al., 2014a; Saeki et al., 2014b) and further inves-
tigated the association between indoor temperature exposure and bio-
markers of cardiovascular diseases. There are studies investigated the
effects of urban heat islands or housing energy efficiency on indoor
heat-related mortality (Taylor et al., 2018a; Taylor et al., 2018b). How-
ever, these studies have not considered fully the cumulative effects of
hot or cold on human health. In 1996, Frank and his coworkers devel-
oped the Cumulative Heat Strain Index (CHSI) for investigating the cu-
mulative effect of heat on human health. They also demonstrated that
the CHSI was a better indicator in investigating the cumulative effect
of heat on human health compared with conventional indicators, such
as the physiological strain index (Frank et al., 2001). Moreover, Sexton
and Hattis indicated that exposure time, frequency, and level collection
were required to adequately investigate the effects of environmental
factors on human health (Sexton and Hattis, 2007). Therefore, we
should not ignore the cumulative effects of high or low indoor temper-
ature exposure.

Cooling degree hours and heating degree hours are universal in-
dexes for assessing the relationship between thermal comfort and en-
ergy consumption indoors (Papakostas and Kyriakis, 2005; Satman
and Yalcinkaya, 1999). The equations for cooling and heating degree
hours are as follows:

Cooling degree hours ¼
Xncd
i¼1

To−Tbalð Þ ð1Þ

Heating degree hours ¼
Xnhd
i¼1

Tbal−Toð Þ; ð2Þ

where Tbal is the balance-point temperature, To is the outside tempera-
ture, and ncd and nhd are the number of cooling and heating degree
hours in one day, respectively.

In this study, we followed Eqs. (1) and (2) and modified them to in-
vestigate the cumulative effects of indoor temperature.

Cooling degree hours ¼ ∑
i¼1

N
Ti−Tbð Þ ð3Þ

Heating degree hours ¼ ∑
i¼1

N
Tb−Tið Þ; ð4Þ

where Ti is the indoor temperature, Tb is the threshold, and N is the
hours in a day. The degree hour for indoor cooling were estimated
using the Eq. (3) in hot season; the degree hour for indoor heating
were estimated using the Eq. (4) in cold season.

Many studies have demonstrated that older adults have a higher risk
of disease and lower ability to respond to temperature change com-
pared with younger people (Gasparrini et al., 2012; Khajavi et al.,
2019; Wallmüller et al., 2018). According to a United Nations report,
the global population of people over 60 years old is 962 million in
2017 and will reach almost 2.1 billion in 2050 (United Nations, 2017).
In Taiwan, the population over 65 years old was 7% in 1993 and will
reach 20% in 2026 (Ministry of the Interior, 2018). Taiwan's rate of pop-
ulation aging is ranked number one in theworld.Moreover, thermoreg-
ulation ability differs by gender (Xiong et al., 2015), and one study has
shown gender-related differences in sweat loss (Mehnert et al., 2002).
Although the effects of higher or lower temperature exposure differ by
gender or age groups, the previous studies didn't consider the cumula-
tive effects.

This study aimed to focus on the association between cumulative de-
gree hours of indoor temperatures and emergency department visits
due to cardiovascular diseases in Taiwan and established the cumulative
degree hour thresholds for different indoor temperature ranges; more-
over, we further examined the differences between gender and age
groups.

2. Materials and methods

2.1. Cumulative degree hours

Before calculating the cumulative degree hours of indoor tempera-
tures, we estimated indoor temperatures. The estimation of hourly in-
door temperature was based on a prediction model of indoor
temperature. Detailed information about the estimation of prediction
model of hourly indoor temperature is shown in the supplemental ma-
terials (Fig. S1 and Table S1). In brief, we collected hourly levels of in-
door and outdoor temperature and relative humidity, land surface
temperature, normalized difference vegetation index (NDVI), building
characteristics, occupants' behavior, and electricity consumption for
30 households in 11 cities in Taiwan from 2012 to 2015. Then, we com-
bined all data and used a mixed effect model to estimate the prediction
model of hourly indoor temperature for each month (Table S2).

We calculated the hourly indoor temperature of each day from 2000
to 2014 in Taiwan based on the monthly prediction model of hourly in-
door temperature. The weather, land surface temperature, NDVI, elec-
tricity consumption, and building characteristics of prediction model
were collected from Taiwan's Central Weather Bureau, National Aero-
nautics and Space Administration (NASA, US), NASA, Taiwan power
company, and statistical report of Ministry of the Interior in Taiwan, re-
spectively. Indoor temperature was then used to estimate daily cooling
and heating cumulative degree hours of both the hot (May to October)
and cold (November to April) seasons by using Eqs. (3) and (4) (Fig. S2),
and the threshold valueswere 27 °C and23 °C (indoor temperature), re-
spectively. We only calculated the cumulative degree hours only at
27 °C–31 °C during the hot season and at 19 °C–23 °C during the cold
season to analyze the association with emergency department visits
due to cardiovascular diseases because our previous study (Lo, 2017) in-
dicated a significant risk of cardiovascular diseases at indoor tempera-
tures of 27 °C–31 °C during the hot season and 19 °C–23 °C during the
cold season. We assumed that the study population remained indoors
all day because older people spend most of their time indoors
(Hussein et al., 2012; Matz et al., 2014).

2.2. Source of data for health

In 1995, Taiwan's government launched the single-payer National
Health Insurance program. According to its statistical report (National
Health Insurance, 2015), 99.6% of Taiwan's population (Taiwan's popu-
lationwas estimated to be 23,800,000 in 2019)was enrolled in this pro-
gram in 2014. We collected emergency department visit data for
cardiovascular diseases from 2 million participants from the Longitudi-
nal Health Insurance Database (LHID) of the National Health Insurance
program to analyze the associated cumulative effects of indoor temper-
ature. The LHID data were collected from 1 January 2001 to 31 Decem-
ber 2014. The diagnoses of emergency department visits were based on



Table 1
Descriptive statistics for cooling and heating cumulative degree hours in hot and cold sea-
sons, respectively.

Temperature (°C) Cumulative degree hours

Mean ± SD. Min to max

Hot season (May to October)
27 32.6 ± 24.6 0 to 109.5
28 16.5 ± 16.9 0 to 85.5
29 6.0 ± 9.1 0 to 61.5
30 1.2 ± 3.3 0 to 37.5
31 0.1 ± 0.6 0 to 16.5

Cold season (November to April)
19 1.4 ± 6.1 0 to 83.1
20 4.1 ± 11.7 0 to 107.1
21 9.3 ± 19.0 0 to 131.1
22 17.4 ± 27.4 0 to 155.1
23 28.8 ± 36.1 0 to 179.1

SD: standard deviation.

Table 2
Summary of cardiovascular disease–related emergency department visits from 2000 to
2014 in hot and cold seasons based on different subgroups.

Hot season
(May to October)

Cold season
(November to April)

Older adults (≧65 years old) 122,238 138,227
Age

65 to 74 years old 50,713 57,452
75 to 84 years old 53,971 60,485
N85 years old 17,554 20,290

Gender
Man 62,064 69,233
Woman 60,174 68,994
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the International Classification of Diseases, Ninth Revision (ICD-9-
CM390-459). Participants from 317 townships on the island of
Taiwan, a total of 2,000,118 participants, were randomly sampled
from the LHID. We excluded those younger than 65 years. Thus, a total
of 260,465 people were included in this study. These participants
were divided into three age groups: 65–74 years old, 75–84 years old,
and N85 years old.

Many studies (Khajavi et al., 2019; Kingsley et al., 2015) have indi-
cated that air pollution is also a factor influencing the risk of cardiovas-
cular diseases. Therefore, in this study, we also collected the air
pollutant concentration (NOx, PM2.5, and O3) from Taiwan's Environ-
mental Protection Administration from 2000 to 2014 to control for the
association between cumulative degree hours and emergency depart-
ment visits for cardiovascular diseases. Table S3 presents the average
concentrations of PM2.5, O3, and NOx from 2000 to 2014. The data
showed that air quality was poorer during the cold season (November
to April) than during the hot season (May to October).

2.3. Data analysis

The delayed effects of environmental factor exposure on human
health showing non-linear relationship (Gasparrini, 2011), so a distrib-
uted lag nonlinear model (DLNM) was used to analyze the association
between cumulative degree hours and emergency department visits
for cardiovascular diseases. Because the number of emergency depart-
ment visit were different in different study day, we adjusted the day
of the week (DOW); moreover, the number of emergency department
visits could increase due to the outpatient was closed during holiday,
we also adjusted the holiday. The equation of DLNM is as follow:

log E Yð Þð Þ ¼ β0 þ
X7
t¼0

NS CDHt ;DF;5; lag;7ð Þ þ
X1
t¼0

Lin PM2:5 tð Þ

þ
X1
t¼0

Lin O3 tð Þ þ
X1
t¼0

Lin NOx tð Þ þ NS Time;
7

year

� �

þ DOW þ Holiday ð5Þ

where Y is the emergency department visits for cardiovascular diseases,
NS is the nature cubic spline, CDH is the cumulative degree hour, DF is
the degree of freedom (DF is 5), lag is the lag day (7 days), time is the
node (7), and DOW is the day of the week.

For example, a DLNM was applied to analyze the relationship be-
tween the daily emergency visits (dependent variable) and the daily cu-
mulative degree hours when indoor temperature exceeding 27 °C
(independent variable). The significance level found would indicate
the relative risk (RR) and the corresponding cumulative degree hours
when indoor temperature exceeding 27 °C.

According to the Lo's study (Lo, 2017), the risk of emergency depart-
ment visits due to cardiovascular diseaseswas significant at indoor tem-
peratures of 27 °C–31 °C during the hot season (May to October) and
19 °C–23 °C during the cold season (November to April). Therefore,
we analyzed the association between cumulative degree hours and
emergency department visits for cardiovascular diseases at indoor tem-
peratures of 27 °C–31 °C during the hot season and 19 °C–23 °C during
the cold season. We used SAS (v9.4, SAS Institute Inc., Cary, NC, USA)
software to analyze data. Statistical significance was defined as p b 0.05.

3. Results

3.1. Cumulative degree hours of indoor temperature

Table 1 shows the cumulative degree hours for different seasons. The
average cumulative degree hours during the hot season were 32.6 ±
24.6, 16.5 ± 16.9, 6.0 ± 9.1, 1.2 ± 3.3, and 0.1 ± 0.6 at 27, 28, 29, 30,
and 31 °C, respectively. During the cold season, the average cumulative
degree hours were 1.4 ± 6.1, 4.1 ± 11.7, 9.3 ± 19.0, 17.4 ± 27.4, and
28.8 ± 36.1 at 19, 20, 21, 22, and 23 °C, respectively.

3.2. Emergency department visits for cardiovascular diseases

Table 2 presents a summary of emergency department visits due to
cardiovascular diseases in each group. More emergency department
visits occurred during the cold season (138,227) than during the hot
season (122,238). Table 2 also shows that more emergency department
visits occurred among participants who were 75–84 years old during
both hot and cold seasons, and more emergency department visits oc-
curred among men.

3.3. Association between indoor temperature and cardiovascular diseases

Cumulative degree hours at different indoor temperatures during
both the hot and cold seasons are presented in Table 3. During the hot
season, the risks of emergency department visits due to cardiovascular
diseases were significant when cumulative degree hours exceeded 62,
43, 16, 1, and 1 at indoor temperatures of 27 °C, 28 °C, 29 °C, 30 °C,
and 31 °C, respectively. During the cold season, the risks of emergency
department visits due to cardiovascular diseases were significant
when cumulative degree hours exceeded 1, 1, 1, 11, and 33 at indoor
temperatures of 19 °C, 20 °C, 21 °C, 22 °C, and 23 °C, respectively.

Table 4 presents the cumulative degree hours for each gender during
the hot and cold seasons. During the hot season, the risks of emergency
department visits due to cardiovascular diseases were significant
among men when cumulative degree hours exceeded 69, 36, 13, 1,
and 1 at indoor temperatures of 27 °C, 28 °C, 29 °C, 30 °C, and 31 °C, re-
spectively; among women, the risks were significant at these tempera-
tures when cumulative degree hours exceeded 58, 33, 10, 1, and 1,
respectively. During the cold season, the risks of emergency department
visits due to cardiovascular diseases occurred among men were



Table 3
Cooling and heating cumulative degree hours for cardiovascular disease–related emer-
gency department visits for older adults in hot and cold seasons from 2000 to 2014,
respectively.

Setpoint temperature (indoor) CDH Relative risk (95% CI)

Hot season (May to October)
27 °C 62 1.145 (1.003, 1.307)
28 °C 43 1.078 (1.001, 1.161)
29 °C 16 1.035 (1.001, 1.071)
30 °C 1 1.013 (1.007, 1.020)
31 °C 1 1.082 (1.056, 1.109)

Cold season (November to April)
23 °C 33 1.086 (1.001, 1.180)
22 °C 11 1.039 (1.000, 1.079)
21 °C 1 1.011 (1.008, 1.016)
20 °C 1 1.014 (1.008, 1.020)
19 °C 1 1.015 (1.006, 1.024)

CDH: cumulative degree hours; CI: confidence interval.
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significantwhen cumulative degree hours exceeded 1, 1, 1, 31, and 47 at
indoor temperatures of 19 °C, 20 °C, 21 °C, 22 °C, and 23 °C, respectively;
among women, the risks were significant at these temperatures when
the cumulative degree hours exceeded 1, 1, 1, 19, and 46, respectively.

Table 5 presents the cumulative degree hours in each age group dur-
ing the hot and cold seasons. During the hot season, a significant risk of
emergency department visits due to cardiovascular diseases occurred in
participants aged 65 to 74 years when cumulative degree hours
exceeded 70, 39, 16, 1, and 1 at indoor temperatures of 27 °C, 28 °C,
29 °C, 30 °C, and 31 °C, respectively; participants aged 75 to 84 years
Table 4
Cooling and heating cumulative degree hours for cardiovascular disease–related emergency de
ified), respectively.

Setpoint temperature (indoor) Man

CDH Relative

Hot season (May to October)
27 °C 69 1.183 (1.
28 °C 36 1.133 (1.
29 °C 13 1.082 (1.
30 °C 1 1.032 (1.
31 °C 1 1.197 (1.

Cold season (November to April)
23 °C 47 1.111 (1.
22 °C 31 1.097 (1.
21 °C 1 1.012 (1.
20 °C 1 1.014 (1.
19 °C 1 1.016 (1.

CDH: cumulative degree hours; CI: confidence interval.

Table 5
Cooling and heating cumulative degree hours for cardiovascular disease–related emergency de
respectively.

Setpoint temperature (indoor) 65 to 74 years old

CDH Relative risk (95% CI)

Hot season (May to October)
27 °C 70 1.148 (1.00004, 1.318)
28 °C 39 1.144 (1.006, 1.300)
29 °C 16 1.098 (1.002, 1.203)
30 °C 1 1.027 (1.015, 1.039)
31 °C 1 1.141 (1.080, 1.205)

Cold season (November to April)
23 °C 46 1.095 (1.005, 1.193)
22 °C 15 1.058 (1.0003, 1.119)
21 °C 1 1.006 (1.001, 1.011)
20 °C 1 1.011 (1.004, 1.017)
19 °C 1 1.013 (1.005, 1.018)

CDH: cumulative degree hours; CI: confidence interval.
had a significant risk after 68, 35, 7, 1, and 1 cumulative degree hours,
and those older than 85 years had a significant risk after 59, 29, 1, 1,
and 1 cumulative degree hours, respectively. During the cold season, a
significant risk of emergency department visits due to cardiovascular
diseases occurred in participants aged 65 to 74 years when cumulative
degree hours exceeded 1, 1, 1, 15, and 46 at indoor temperatures of
19 °C, 20 °C, 21 °C, 22 °C, and 23 °C, respectively; participants aged 75
to 84 years had a significant risk after 1, 1, 1, 1, and 40 cumulative de-
gree hours, and those older than 85 years had a significant risk after 1,
1, 1, 24, and 49 cumulative degree hours, respectively.

4. Discussion

To the date, this is thefirst study to investigate the cumulative effects
of high or low indoor temperature exposure and assess cumulative de-
gree hours at different temperature ranges on the basis of the risk of
emergency department visits due to cardiovascular diseases. Our data
revealed a significant risk of emergency department visits due to cardio-
vascular diseases when higher temperatures during the hot season and
lower temperatures in the cold season reduced the cumulative degree
hours. Moreover, the cumulative degree hours differed by gender and
age groups. These results can be used in adaptation plans for reducing
the risk of adverse health effects under climate change.

Our study demonstrated that high or low temperature exposure in-
creased the risk of cardiovascular diseases, which was consistent with a
number of relevant studies (Basu et al., 2012; Breitner et al., 2014;
Bunker et al., 2016; Kingsley et al., 2015; Knowlton et al., 2008; Phung
et al., 2016). Studies have also explained the biological mechanisms
partment visits for older adults in hot and cold seasons from 2000 to 2014 (gender strat-

Woman

risk (95% CI) CDH Relative risk (95% CI)

006, 1.392) 58 1.159 (1.004, 1.337)
004, 1.279) 33 1.130 (1.007, 1.269)
004, 1.166) 10 1.081 (1.003, 1.165)
018, 1.047) 1 1.035 (1.021, 1.050)
132, 1.266) 1 1.197 (1.137, 1.260)

001, 1.232) 46 1.092 (1.004, 1.189)
001, 1.203) 19 1.069 (1.0002, 1.1410)
007, 1.016) 1 1.011 (1.007, 1.016)
008, 1.021) 1 1.014 (1.007, 1.020)
006, 1.026) 1 1.014 (1.004, 1.024)

partment visits for older adults in hot and cold seasons from 2000 to 2014 (age stratified),

75 to 84 years old N85 years old

CDH Relative risk (95% CI) CDH Relative risk (95% CI)

68 1.178 (1.,0004 1.387) 59 1.222 (1.011, 1.477)
35 1.135 (1.005, 1.282) 29 1.193 (1.002, 1.421)
7 1.063 (1.001, 1.129) 1 1.018 (1.004, 1.033)
1 1.035 (1.019, 1.051) 1 1.042 (1.019, 1.065)
1 1.221 (1.157, 1.289) 1 1.264 (1.172, 1.363)

40 1.039 (1.001, 1.220) 49 1.140 (1.006, 1.292)
1 1.004 (1.0004, 1.008) 24 1.108 (1.001, 1.225)
1 1.012 (1.008, 1.017) 1 1.015 (1.008, 1.021)
1 1.016 (1.010, 1.023) 1 1.015 (1.007, 1.024)
1 1.014 (1.003, 1.024) 1 1.026 (1.012, 1.040)
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between high or low temperature exposure and cardiovascular dis-
eases. Some studies indicated that blood is more concentrated due to
water and salt loss when humans exposed to high temperatures
(Keatinge, 2002; Medina-Ramon, 2007), which further induces the de-
velopment of cardiovascular diseases. Moreover, studies have indicated
that heat influences the human circulatory system, and heat exposure
causes organ damage (González-Alonso, 2012; González-Alonso et al.,
2008; Taylor and Groeller, 2008). Low temperature exposure causes
blood to become more concentrated because of a higher heart rate
and blood pressure, which further induces the development of cardio-
vascular diseases (Anderson and Bell, 2009; Hajat et al., 2007; Nguyen
et al., 2014).

Although studies have demonstrated that high or low temperature
exposure increases the risk of cardiovascular diseases, they didn't con-
sider cumulative adequately effects. Studies have indicated that high
or low temperature exposure increased the risk of cardiovascular dis-
eases with sustained exposure to specific temperature ranges (Byrne
et al., 2006; Chan et al., 2008; Périard et al., 2015). In this study, we pre-
dicted indoor temperature and calculated the cumulative degree hours
at different indoor temperature ranges on the basis of the risk of cardio-
vascular diseases, which provides important information about the cu-
mulative effects of high or low indoor temperature exposure.
Policymakers can formulate elastic temperature adaptation policies to
reduce the risk of adverse health effects. For example, during the hot
season, a significant risk of emergency department visits due to cardio-
vascular diseases occurred after fewer cumulative degree hours at 30 °C
than at 27 °C (Table 3), which indicated that an adaptation policy should
be implemented to warn people to immediately act to reduce adverse
health effects when temperatures reach 30 °C and provide buffer a
time to act when temperatures reach 27 °C.

During hot and cold seasons, men had more cumulative degree
hours than women (Table 4). One study indicated that the change in
root mean square of successive differences in men was larger than
that in women when exposed to high or low temperatures (Zhang,
2007), which indicates that men have better thermoregulatory abilities
to overcome temperature changes. Studies have also indicated that
women had poorer thermoregulatory abilities during menstruation
(Pivarnik et al., 1992), and the thermoregulatory null zonewas reduced
in postmenopausal women (Freedman and Krell, 1999). These findings
suggest that physiological differences contributed to the fewer cumula-
tive degree hours observed in women than in men.

Table 5 displays fewer cumulative degree hours in the group of par-
ticipants older than 85 years, which indicates that the oldest people had
the poorest thermoregulatory ability compared with the other groups
during the hot season. This result was consistent with the study of
Gasparrini and his co-workers (Gasparrini et al., 2012). However, our
data showed that the participants aged 75 to 84 years had the fewest cu-
mulative degree hours during the cold season. We speculated that the
group aged over 85 years has a higher proportion of comorbidities
(Liu et al., 2012), such as diabetes, cancer, or high blood pressure;
thus, cardiovascular diseases were not logged in the LHID database.
Moreover, Gasparrini and his colleagues demonstrated that the relative
risk of heat-related mortality for all causes increased with age
(Gasparrini et al., 2012). However, they also indicated that the relative
risk of heat-related mortality was different for different cardiovascular
diseases. We analyzed the association between cumulative degree
hours and emergency department visits due to cardiovascular diseases
for all heart-related causes. The phenomenon may justify why the
fewest cumulative degree hours did not occur in the group of partici-
pants older than 85 years during the cold season.

Our study had several limitations. First, we used a prediction model
to estimate indoor temperature rather than skin temperature, so our
data may not reflect the real exposure situation. Nevertheless, a study
demonstrated a significant relationship between indoor temperature
and skin temperature (Liu et al., 2011). However, our study aimed to in-
vestigate the cumulative effect of exposure to high or low indoor
temperatures on emergency department visits due to cardiovascular
diseases. Second, this study used the LHID, which limited risk factors
for cardiovascular diseases for adjusting, such as alcohol consumption
or smoking. However, in Taiwan, alcohol consumption and smoking
are more common among men than women (Gender Equality
Committee of the Executive Yuan, 2018; Health Promotion
Administration, 2019). In this study, we analyzed the association be-
tween indoor temperature exposure and emergency department visits
due to cardiovascular diseases for different genders to control the con-
founder. Third, occupant's behavior was highly linked to the variation
of indoor temperature, yet, was not included in the corresponding pre-
dictive model due to the lack of detailed records of respective frequen-
cies and exact time of event. Applying feasible technology to collect
occupant's behavioral frequency and timeon a long-termbasis is imper-
ative in future study. Finally, this study used only the prediction model
of indoor temperature to calculate the indoor temperature distribution
in Taiwan, which may not reflect the real exposure situation. However,
in this study, the average building age, building structure proportions,
floor, category, area, and population density of the 30 selected house-
holds were similar to the distributions in Taiwan (Department of
Statistics, 2017). We concluded that the data from study households
can reflect the situation of most households in Taiwan.

5. Conclusion

We observed that cumulative degree hours decreased as indoor
temperature increased during the hot season and decreased during
the cold season. Different gender and age groups had different cumula-
tive degree hours.We recommend that public health intervention strat-
egies for hot- or cold-related cardiovascular diseases should further
consider the cumulative effect for different populations. Moreover, we
also suggested that the researchers should analyze the cumulative ef-
fects of temperature exposure in cold or temperature zone for reducing
the health risks.

CRediT authorship contribution statement

Chien-Cheng Jung:Data curation, Formal analysis,Writing - original
draft. Ying-Fang Hsia: Data curation, Formal analysis, Writing - original
draft.Nai-Yun Hsu: Investigation. Yu-ChunWang:Data curation,Writ-
ing - review & editing. Huey-Jen Su: Conceptualization, Writing - re-
view & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgment

We would like to thank the Ministry of Science and Technology,
Taiwan (106-2621-M-006-002-MY2) for financially supporting this re-
search through a grant.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scitotenv.2020.138958.

References

Anderson, B.G., Bell, M.L., 2009. Weather-related mortality: how heat, cold, and heat
waves affect mortality in the United States. Epidemiology 20, 205–213.

Basu, R., Pearson, D., Malig, B., Broadwin, R., Green, R., 2012. The effect of high ambient
temperature on emergency room visits. Epidemiology 813–820.

https://doi.org/10.1016/j.scitotenv.2020.138958
https://doi.org/10.1016/j.scitotenv.2020.138958
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0005
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0005
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0010
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0010


6 C.-C. Jung et al. / Science of the Total Environment 731 (2020) 138958
Breitner, S., Wolf, K., Devlin, R.B., Diaz-Sanchez, D., Peters, A., Schneider, A., 2014. Short-
term effects of air temperature on mortality and effect modification by air pollution
in three cities of Bavaria, Germany: a time-series analysis. Sci. Total Environ.
485–486, 49–61.

Bunker, A., Wildenhain, J., Vandenbergh, A., Henschke, N., Rocklöv, J., Hajat, S., et al., 2016.
Effects of air temperature on climate-sensitive mortality and morbidity outcomes in
the elderly; a systematic review and meta-analysis of epidemiological evidence.
EBioMedicine 6, 258–268.

Burkart, K., Schneider, A., Breitner, S., Khan, M.H., Krämer, A., Endlicher, W., 2011. The ef-
fect of atmospheric thermal conditions and urban thermal pollution on all-cause and
cardiovascular mortality in Bangladesh. Environ. Pollut. 159, 2035–2043.

Byrne, C., Lee, J.K., Chew, S., Lim, C.L., Tan, E., 2006. Continuous thermoregulatory re-
sponses to mass-participation distance running in heat. Med. Sci. Sports Exerc. 38,
803–810.

Chan, K., Wong, S., Chen, Y., 2008. Effects of a hot environment on simulated cycling and
running performance in triathletes. J. Sports Med. Phys. Fitness 48, 149.

Department of Statistics, 2017. Statistical Report of Ministry of Interior. Department of
Statistics, Ministry of Interior, Taipei.

Frank, A., Belokopytov, M., Shapiro, Y., Epstein, Y., 2001. The cumulative heat strain
index–a novel approach to assess the physiological strain induced by exercise-heat
stress. Eur. J. Appl. Physiol. 84, 527–532.

Freedman, R.R., Krell, W., 1999. Reduced thermoregulatory null zone in postmenopausal
women with hot flashes. Am. J. Obstet. Gynecol. 181, 66–70.

Gasparrini, A., 2011. Distributed lag linear and non-linear models in R: the package dlnm.
J. Stat. Softw. 43 (1).

Gasparrini, A., Armstrong, B., Kovats, S., Wilkinson, P., 2012. The effect of high tempera-
tures on cause-specific mortality in England and Wales. Occup. Environ. Med. 69,
56–61.

Gender Equality Committee of the Executive Yuan, 2018. Percentage of Alcohol Drinking
in Adult in Taiwan. Gender Equality Committee of the Executive Yuan, Taipei.

González-Alonso, J., 2012. Human thermoregulation and the cardiovascular system. Exp.
Physiol. 97, 340–346.

González-Alonso, J., Crandall, C.G., Johnson, J.M., 2008. The cardiovascular challenge of
exercising in the heat. J. Physiol. 586, 45–53.

Guo, Y., Barnett, A.G., Yu, W., Pan, X., Ye, X., Huang, C., et al., 2011. A large change in tem-
perature between neighbouring days increases the risk of mortality. PLoS One 6,
e16511.

Hajat, S., Kovats, R.S., Lachowycz, K., 2007. Heat-related and cold-related deaths in En-
gland and Wales: who is at risk? Occup. Environ. Med. 64, 93–100.

Health Promotion Administration, 2019. Adult Smoking Behavior Surveillance System.
Health Promotion Administration. Ministry of Health and Welfare, Taipei.

Hussein, T., Paasonen, P., Kulmala, M., 2012. Activity pattern of a selected group of school
occupants and their family members in Helsinki—Finland. Sci. Total Environ. 425,
289–292.

Intergovernmental Panel on Climate Change, 2014. Summary for policymakers. Climate
Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral As-
pects. Contribution of Working Group II to the Fifth Assessment Report of the IPCC.
Cambridge University Press, Intergovernmental Panel on Climate Change, Cambridge,
UK and New York, NY, USA.

Jung, C.-C., Hsu, N.-Y., Su, H.-J., 2019. Temporal and spatial variations in IAQ and its asso-
ciation with building characteristics and human activities in tropical and subtropical
areas. Build. Environ. 163, 106249.

Keatinge, W., 2002. Winter Mortality and Its Causes. Taylor & Francis.
Khajavi, A., Khalili, D., Azizi, F., Hadaegh, F., 2019. Impact of temperature and air pollution

on cardiovascular disease and death in Iran: a 15-year follow-up of tehran lipid and
glucose study. Sci. Total Environ. 661, 243–250.

Kingsley, S.L., Eliot, M.N., Gold, J., Vanderslice, R.R., Wellenius, G.A., 2015. Current and
projected heat-related morbidity and mortality in Rhode Island. Environ. Health
Perspect. 124, 460–467.

Klepeis, N.E., Nelson, W.C., Ott, W.R., Robinson, J.P., Tsang, A.M., Switzer, P., et al., 2001.
The National Human Activity Pattern Survey (NHAPS): a resource for assessing expo-
sure to environmental pollutants. J. Expo. Sci. Environ. Epidemiol. 11, 231.

Knowlton, K., Rotkin-Ellman, M., King, G., Margolis, H.G., Smith, D., Solomon, G., et al.,
2008. The 2006 California heat wave: impacts on hospitalizations and emergency de-
partment visits. Environ. Health Perspect. 117, 61–67.

Lee, S., Lee, E., Park, M.S., Kwon, B.Y., Kim, H., Jung, D.H., et al., 2014. Short-term effect of
temperature on daily emergency visits for acute myocardial infarction with threshold
temperatures. PLoS One 9, e94070.

Leech, J.A., Nelson, W.C., T Burnett, R., Aaron, S., Raizenne, M.E., 2002. It’s about time: a
comparison of Canadian and American time–activity patterns. J. Expo. Sci. Environ.
Epidemiol. 12, 427.
Liu, H., Tan, Q., Li, B.-z., M-l, Tan, Ma, X.-l., 2011. Impact of cold indoor thermal environ-
mental conditions on human thermal response. J. Cent. S. Univ. Technol. 18,
1285–1292.

Liu, C.-L., Peng, L.-N., Chen, Y.-T., Lin, M.-H., Liu, L.-K., Chen, L.-K., 2012. Potentially inap-
propriate prescribing (IP) for elderly medical inpatients in Taiwan: a hospital-based
study. Arch. Gerontol. Geriatr. 55, 148–151.

Lo, Y.-C., 2017. Effects of Estimated Indoor Temperature on Cardiovascular and Respira-
tory Morbidities. Institute of Environmental and Occupational Health. Master. Na-
tional Cheng Kung University, Tainan.

Matz, C.J., Stieb, D.M., Davis, K., Egyed, M., Rose, A., Chou, B., et al., 2014. Effects of age, sea-
son, gender and urban-rural status on time-activity: Canadian Human Activity Pat-
tern Survey 2 (CHAPS 2). Int. J. Environ. Res. Public Health 11, 2108–2124.

Medina-RamonMaS, J., 2007. Temperature, temperature extremes, andmortality: a study
of acclimatization and effect modification in 50 United States cities. Occup. Environ.
Med. 64, 827–833.

Mehnert, P., Bröde, P., Griefahn, B., 2002. Gender-related difference in sweat loss and its
impact on exposure limits to heat stress. Int. J. Ind. Ergon. 29, 343–351.

Milojevic, A., Armstrong, B.G., Gasparrini, A., Bohnenstengel, S.I., Barratt, B., Wilkinson, P.,
2016. Methods to estimate acclimatization to urban heat island effects on heat-and
cold-related mortality. Environ. Health Perspect. 124, 1016–1022.

Ministry of the Interior, 2018. Statistical Report of Ministry of the Interior. Ministry of the
Interior, Taipei.

National Health Insurance, 2015. National Health Insurance Annual Report 2014–2015.
Taiwan, R.O.C. National Health Insurance Administration, Ministry of Health andWel-
fare, Taipei.

Nguyen, J.L., Schwartz, J., Dockery, D.W., 2014. The relationship between indoor and out-
door temperature, apparent temperature, relative humidity, and absolute humidity.
Indoor Air 24, 103–112.

Papakostas, K., Kyriakis, N., 2005. Heating and cooling degree-hours for Athens and
Thessaloniki, Greece. Renew. Energy 30, 1873–1880.

Périard, J., Racinais, S., Sawka, M.N., 2015. Adaptations andmechanisms of human heat ac-
climation: applications for competitive athletes and sports. Scand. J. Med. Sci. Sports
25, 20–38.

Phung, D., Guo, Y., Thai, P., Rutherford, S., Wang, X., Nguyen, M., et al., 2016. The effects of
high temperature on cardiovascular admissions in the most populous tropical city in
Vietnam. Environ. Pollut. 208, 33–39.

Pivarnik, J.M., Marichal, C.J., Spillman, T., Morrow Jr., J., 1992. Menstrual cycle phase affects
temperature regulation during endurance exercise. J. Appl. Physiol. 72, 543–548.

Saeki, K., Obayashi, K., Iwamoto, J., Tone, N., Okamoto, N., Tomioka, K., et al., 2014a. The
relationship between indoor, outdoor and ambient temperatures and morning BP
surges from inter-seasonally repeated measurements. J. Hum. Hypertens. 28, 482.

Saeki, K., Obayashi, K., Iwamoto, J., Tone, N., Okamoto, N., Tomioka, K., et al., 2014b. Stron-
ger association of indoor temperature than outdoor temperature with blood pressure
in colder months. J. Hypertens. 32, 1582–1589.

Satman, A., Yalcinkaya, N., 1999. Heating and cooling degree-hours for Turkey. Energy 24,
833–840.

Sexton, K., Hattis, D., 2007. Assessing cumulative health risks from exposure to environ-
mental mixtures—three fundamental questions. Environ. Health Perspect. 115,
825–832.

Taylor, N.A., Groeller, H., 2008. Physiological Bases of Human Performance During Work
and Exercise. Churchill Livingstone.

Taylor, J., Symonds, P., Wilkinson, P., Heaviside, C., Macintyre, H., Davies, M., et al., 2018a.
Estimating the influence of housing energy efficiency and overheating adaptations on
heat-related mortality in the West Midlands, UK. Atmosphere 9, 190.

Taylor, J., Wilkinson, P., Picetti, R., Symonds, P., Heaviside, C., Macintyre, H.L., et al., 2018b.
Comparison of built environment adaptations to heat exposure and mortality during
hot weather, West Midlands region, UK. Environ. Int. 111, 287–294.

Turner, L.R., Barnett, A.G., Connell, D., Tonga, S., 2012. Ambient temperature and cardiore-
spiratory morbidity: a systematic review and meta-analysis. Epidemiology 594–606.

United Nations, 2017. World Population Aging. United Nations.
Wallmüller, C., Spiel, A., Sterz, F., Schober, A., Hubner, P., Stratil, P., et al., 2018. Age-

dependent effect of targeted temperature management on outcome after cardiac ar-
rest. Eur. J. Clin. Investig. 48, e13026.

Xiong, J., Lian, Z., Zhou, X., You, J., Lin, Y., 2015. Investigation of gender difference in
human response to temperature step changes. Physiol. Behav. 151, 426–440.

Zhang, J., 2007. Effect of age and sex on heart rate variability in healthy subjects.
J. Manipulative Physiol. Ther. 30, 374–379.

http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0015
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0015
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0015
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0015
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0020
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0020
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0020
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0025
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0025
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0025
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0030
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0030
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0030
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0035
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0035
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0040
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0040
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0045
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0045
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0045
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0050
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0050
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0055
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0055
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0060
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0060
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0060
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0065
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0065
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0070
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0070
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0075
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0075
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0080
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0080
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0080
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0085
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0085
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0090
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0090
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0095
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0095
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0095
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0100
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0100
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0100
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0100
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0100
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0105
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0105
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0105
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0110
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0115
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0115
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0115
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0120
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0120
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0120
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0125
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0125
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0130
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0130
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0135
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0135
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0135
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0140
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0140
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0140
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0145
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0145
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0145
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0150
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0150
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0150
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0155
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0155
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0155
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0160
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0160
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0160
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0165
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0165
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0165
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0170
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0170
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0175
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0175
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0180
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0180
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0185
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0185
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0185
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0190
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0190
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0190
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0195
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0195
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0200
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0200
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0200
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0205
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0205
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0205
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0210
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0210
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0215
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0215
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0215
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0220
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0220
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0220
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0225
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0225
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0230
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0230
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0230
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0235
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0235
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0240
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0240
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0245
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0245
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0250
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0250
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0255
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0260
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0260
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0260
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0265
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0265
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0270
http://refhub.elsevier.com/S0048-9697(20)32475-X/rf0270

	Cumulative effect of indoor temperature on cardiovascular disease–related emergency department visits among older adults in...
	1. Introduction
	2. Materials and methods
	2.1. Cumulative degree hours
	2.2. Source of data for health
	2.3. Data analysis

	3. Results
	3.1. Cumulative degree hours of indoor temperature
	3.2. Emergency department visits for cardiovascular diseases
	3.3. Association between indoor temperature and cardiovascular diseases

	4. Discussion
	5. Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgment
	Appendix A. Supplementary data
	References




