
Cold Spells and the Onset of Acute Myocardial Infarction: A Nationwide Case-
Crossover Study in 323 Chinese Cities
Yixuan Jiang,1* Shaodong Yi,2* Chuanyu Gao,3 Yuguo Chen,4 Jiyan Chen,5 Xianghua Fu,6 Lixia Yang,7 Xiangqing Kong,8
Mao Chen,9 Haidong Kan,1,10 Dingcheng Xiang,2 Xi Su,11 and Renjie Chen1,10

1School of Public Health, Key Lab of Public Health Safety of the Ministry of Education and National Health Commission Key Lab of Health Technology
Assessment, Fudan University, Shanghai, China
2Department of Cardiology, General Hospital of Southern Theater Command of People’s Liberation Army (PLA), Guangzhou, China
3Department of Cardiology, People’s Hospital of Zhengzhou University, Henan Provincial People’s Hospital, Fuwai Central China Cardiovascular Hospital,
Zhengzhou, China
4Department of Emergency and Chest Pain Center, Qilu Hospital, Cheeloo College of Medicine, Shandong University, Jinan, China
5Department of Cardiology, Guangdong Cardiovascular Institute, Guangdong Provincial People’s Hospital, Guangdong Academy of Medical Sciences,
Guangzhou, China
6Department of Cardiology, Second Hospital of Hebei Medical University, Shijiazhuang, China
7Department of Cardiology, 920th Hospital of Joint Logistics Support Force of the Chinese PLA, Yunnan, China
8Department of Cardiology, First Affiliated Hospital with Nanjing Medical University, Nanjing, China
9Department of Cardiology, West China Hospital, Sichuan University, Chengdu, China
10Integrated Research on Disaster Risk International Center of Excellence on Risk Interconnectivity and Governance on Weather/Climate Extremes Impact and
Public Health, Fudan University, Shanghai, China
11Department of Cardiology, Wuhan Asia General Hospital, Wuhan, China

BACKGROUND: Few studies have explored the relationships between cold spells and acute myocardial infarction (AMI) using the information of symp-
tom onset.
OBJECTIVES:We assessed the impact of cold spells on AMI onset and the potential effect modifiers.

METHODS:We conducted a time-stratified case-crossover study among 456,051 eligible patients with AMI from 2,054 hospitals in 323 Chinese cities
between January 2015 and June 2021 during cold seasons (November to March). Nine definitions of cold spells were used by combining three relative
temperature thresholds (i.e., lower than the 7.5th, 5th, and 2.5th percentiles) and three durations of at least 2–4 consecutive d. Conditional logistic
regressions with distributed lag models were applied to evaluate the cumulated effects of cold spells on AMI onset over lags 0–6 d, after adjusting for
daily mean temperature.
RESULTS: The associations generally appeared on lag 1 d, peaked on lag 3 d, and became nonsignificant approximately on lag 5 d. Cold spells defined
by more stringent thresholds of temperature were associated with higher risks of AMI onset. For cold spell days defined by a daily mean temperature
of ≤7:5th percentile and durations of ≥2 d, ≥3 d, and ≥4 d, the percentage changes in AMI risk were 4.24% [95% confidence interval (CI): 2.31%,
6.20%], 3.48% (95% CI: 1.62%, 5.38%), and 2.82% (95% CI: 0.98%, 4.70%), respectively. Significant AMI risks associated with cold spells were
observed among cases from regions without centralized heating, whereas null or much weaker risks were found among those from regions with cen-
tralized heating. Patients ≥65 years of age were more susceptible to cold spells.

DISCUSSION: This national case-crossover study presents compelling evidence that cold spells could significantly increase the risk of AMI onset.
https://doi.org/10.1289/EHP11841

Introduction
Ischemic heart disease (IHD) remains one of the leading causes of
death and constitutes a considerate burden both in terms of health
and economic loss.1,2 Approximately 182 million disability-
adjusted life-years (DALYs) and 9million deaths were estimated
to result from IHD globally in 2019.1,3 Therefore, it is of great

public health relevance to identify modifiable risk factors of IHD
onset. Acute myocardial infarction (AMI) is a common subtype of
IHD, and its higher incidence during cold seasons has been widely
observed.4,5 Notably, the Global Burden of Disease Study 2019
has listed nonoptimum temperature as one of the environmental
risk factors. That project reported that nonoptimum ambient tem-
perature was responsible for 11million DALYs and 597,000
deaths due to IHD worldwide and attributed 6.08% of IHD deaths
to low temperature.6,7

A cold spell often manifests as a duration of several consecu-
tive days of anomalously low temperatures. During the last few
decades, extreme cold weather events, such as cold spells, have
increased in frequency, intensity, and severity in many regions.8,9

A cold spell could be more harmful and lethal to human health
than daily low temperatures, and its added effects or independent
effects from daily low temperature have been documented.10,11 As
a main outcome affected by low temperatures, IHD or AMI events
were associated with cold spells in a limited number of epidemio-
logical studies, and the existing study results have been inconsis-
tent and inconclusive.11–14 Owing to the lack of standardized
definitions, previous studies often defined cold spells using various
temperature thresholds (such as percentiles of temperature distri-
bution or absolute temperatures) and durations of cold days,15,16

contributing to the incomparability of results. Given the long-term
local acclimatization of residents in different regions, it is of great
necessity to use relative thresholds when defining cold spells. In
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addition, given that this kind of evidence was obtained mainly
from some single-city studies, its generalizability to other regions
has been limited.16,17 Furthermore, previous studies often used
IHD/AMI deaths or hospitalizations, which are not as sensitive
and immediate as disease onset.10,11,14,18 To our knowledge, stud-
ies exploring the associations between cold spells and AMI events
based on the time of disease onset have been rarely conducted,
especially at the national level.

To protect people against the cold weather, China imple-
mented an urban centralized heating policy beginning in the
1950s.19 Most cities to the north of the line of the Qin Mountains
and the Huai River (i.e., the heating region) have a centrally con-
trolled public heating system (i.e., a centralized heating system)
during cold season (i.e., from November to March). Generally,
heat is generated by government-owned heating companies and
is supplied via pipelines to each household in the city. In contrast,
there is no centralized heating in cities south of the line (i.e., the
nonheating region). Up to now, little evidence has been reported
on the potential difference in the cold spell–AMI associations
between regions with and without centralized heating.

Therefore, based on a large-scale national database in China,
we designed this case-crossover study based on individual cases.
The aim of the present study was to clarify the associations of cold
spells withAMI onset and explore the possible effectmodifiers.

Methods

Study Population and Health Data
We extracted data on AMI onset from the Chinese Cardiovascular
Association (CCA) Database–Chest Pain Center. As a nationwide
registry, this database was established by the CCA in 2015. Up to
now, chest pain centers have been widely established in ∼ 96% of
county-level municipalities across China.20 Hospitals with chest
pain centers in China are required to register information of all
patients presenting with acute chest pain in this database, including
demographic characteristics (e.g., age, sex), date and hour of symp-
tom onset, clinical diagnosis, examinations results, and treat-
ment. The Expert Committee and the Executive Committee of
the China Chest Pain Center monitors the operation of all chest
pain centers. Strict internal and external data quality control are
performed routinely to ensure the validity of the data recorded in
the CCA Database. More details have been described in previous
studies.21,22

For the present analysis, we collected AMI data only from hos-
pitals with certified chest pain centers that were reported between 1
January 2015 and 30 June 2021 during the cold season (from
November to March). The diagnoses of AMI were ascertained by
cardiologists or clinicians based on clinical symptoms, electrocar-
diographic measurement, and biochemical tests, according to the
guidelines issued by the Chinese Society of Cardiology.23,24 Time
of AMI onset was self-reported with an hourly precision. We
excluded patients that were transferred from other hospitals or who
did not provide the time of symptom onset. This study has been
approved by the institutional review board of the School of Public
Health, Fudan University (IRB#2021-04-0889). All data were dei-
dentified before the formal analysis with a waiver of informed
consent.

Study Design
We investigated the associations of cold spells with AMI onset
using a time-stratified case-crossover design, which has been
widely applied in exploring the short-term associations between
environmental exposure and acute cardiovascular events.25,26 For
each patient, the case day was defined as the day of self-reported

onset of AMI symptom; the control days were defined as other
days in the same year, month, and day of the week to control for
long- and mid-term variations and seasonality. Accordingly, each
case day was matched with 3 or 4 control d. For instance, if the
AMI symptom occurred on Friday, 10 February 2017, we would
define 10 February 2017 as the case day, and all other Fridays in
February 2017 (i.e., 3, 17, and 24 February) would be defined as
control days.

Exposure Assessment
We extracted daily temperature and relative humidity data from the
China Meteorological Data Service Center (http://data.cma.cn/).
Considering the long-term local acclimatization of residents among
different climatic regions in China, this study used station-specific
relative thresholds [7.5th, 5th, and 2.5th percentiles (P7.5, P5, and
P2.5) of daily temperature distributions] during the study period.
Meanwhile, we considered various durations of cold spell days:≥2 d
(≥2 consecutive d),≥3 d (≥3 consecutive d), and≥4 d (≥4 consecu-
tive d). In total, we used nine cold spell definitions by combining the
abovementioned three thresholds and three durations. Then, we di-
vided the number of days during the study period into cold spell or
non–cold spell days for each weather station. Daily concentrations of
criteria air pollutants [i.e., fine particulate matter (PM ≤2:5 lm in
aerodynamic diameter, PM2:5); nitrogen dioxide (NO2); sulfur diox-
ide (SO2); ozone (O3); and carbon monoxide (CO)] were collected
from the National Urban Air Quality Real-time Publishing Platform
(https://air.cnemc.cn:18014/) to allow for possible adjustment.

Given that more than half of the participants did not report
complete addresses for where the patient’s symptoms occurred
(i.e., onset address), we matched the data of cold spell, tempera-
ture, and relative humidity from the nearest meteorological sta-
tion, and the air pollutants data from the nearest air quality
monitoring station with each participant according to the address
of the reporting hospital. For cold spell data, we assigned a binary
variable (1 for cold spell days, and 0 for non–cold spell days) for
up to 6 d before each case and control day. For instance, lag 0 d
refers to the concurrent day of AMI onset. For other environmental
data (i.e., temperature, relative humidity, and air pollutants), we also
matched exposure during 0–6 d before each case and control day.
Furthermore, to minimize exposure misclassifications, only hospi-
tals within 100 km of the nearest meteorological stations were
included.27 Meanwhile, air pollution data were assigned only to
patients from hospitals that were within 50 km of the nearest fixed-
site air quality monitoring stations.28 The missing rate was 0.3% for
data of cold spell, temperature, and relative humidity, and it was
5.1% for air pollutant data. We omitted the missing data of environ-
mental variables before statistical descriptions and analyses.

Statistical Analyses
The distributions of sex and age (< or ≥65 y) were compared
between the total AMI population that were recorded in the CCA
Database–Chest Pain Center during our study period and the stud-
ied population before formal analyses. Patients with missing age
and sex information were omitted when comparing the statistical
distributions. Conditional logistic regression models, combined
with distributed lag models (DLMs), were used to examine the
associations between cold spells and AMI onset over multiple lag
periods. A maximum of 6 lag days (i.e., 1 wk including the present
day) were empirically determined in DLMs because our prelimi-
nary analysis did not indicate any effects at lags >1 wk, which was
also supported by previous studies of similar design.12,16 Specifically,
DLMswere applied to build a cross-basis function for cold spell days
(as a binary variable) using a natural cubic spline function with 4
degrees of freedom (df) for lag space.17,18 Then, the cross-basis
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function was included in a conditional logistic regression model. To
investigate the effects of cold spells independent of daily temperature,
we further included daily mean temperature in themainmodels using
a cross-basis function constructed by a distributed lag nonlinear
model. The cross-basis function for temperature was constructed
using natural cubic spline functions with 4 df for both the exposure
space and lag space, using the same lag period with cold spells (i.e.,
0–6 d). Other covariates in main model were a natural cubic spline
with 3 df for relative humidity (0–6 d average prior to the case or con-
trol day), and public holidays (a binary indicator). We further calcu-
lated Akaike information criterion (AIC) values to evaluate the
goodness-of-model fits for different cold spell definitions. The model
with the minimum AIC value represented the best fit, and the corre-
sponding cold spell definitionwas deemed as the optimum.

To explore the possible heterogeneity in the cold spell–AMI
associations by the presence of centralized heating policy, we ran
separate models for patients from regions with or without central-
ized heating. Information on the centralized heating in each city
were collected from the websites of local governments. The specific
implementation periods of the centralized heating policy varied
slightly in different heating cities of China, but they were all pre-
sented within the same cold duration from November to March.

We further stratified analyses by sex (male vs. female), age
(<65 vs. ≥65 y), and regions (divided according to economic de-
velopment levels in China). Patients with missing age and sex in-
formation were omitted in the analyses stratified by age and sex,
respectively. The Chinese mainland is divided by the Chinese gov-
ernment into four economic regions (i.e., the Eastern, Northeast,
Central, andWestern regions) according to economic development
and geographical characteristics.29 The socioeconomic and medi-
cal care levels in the Eastern region were deemed to be appreciably
higher than in the rest of China. Given that the Central region and
the Western region were both less developed and geographically
adjacent, we pooled them into a combined Central and Western
region in the present analysis. Stratum-specific estimates of overall
cumulative risks were compared by using a z-test based on the fol-
lowing formula:

z=
b1 − b2ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SE2

1 + SE2
2

q , (1)

where b1 and b2 are the stratum-specific regression coefficients
(ln relative risk), and SE1 and SE2 are the corresponding standard
errors.30 We then calculated p-values for the between-subgroup
differences using the method proposed by Altman et al.31

Several sensitivity analyses were conducted to test the robust-
ness of the results. First, we additionally adjusted for air pollutants
in the models both nationally and by region (i.e., nonheating and
heating regions). The concentrations of criteria air pollutants on
lag 0 dwere included in themainmodel one by one and all simulta-
neously. Second, we redefined the case day as the date of hospitali-
zation (i.e., the date that the patient was admitted into a hospital),
and the control days as the other days in the same year, month, and
day of the week. Third, we applied different dfs for lag dimensions
of cold spell in DLMs (df = 4–7). Last, we restricted the analysis to
patients with both a hospital address and an onset address, and fit-
ted separate models using cold spell data that were matched based
on the hospital address (i.e., hospital-address analysis) and the
patient’s onset address (i.e., onset-address analysis) among those
with both addresses (n=223,143).

All statistical analyses were conducted in R (version 4.0.0; R
Development Core Team), using two-sided tests with an a of
0.05. Estimates derived from the conditional logistic regression
models were converted into percentage changes and 95% confi-
dence intervals (95% CIs) in the risk of AMI onset by comparing

the cold spell days to non–cold spell days, using the following
equations:

Percentage change= ðeb − 1Þ×100%, ð2Þ

Lower 95%CI= ðeb− 1:96× SE − 1Þ×100%, ð3Þ

Upper 95%CI= ðeb+1:96×SE − 1Þ×100%, ð4Þ
where b is the regression coefficient (ln relative risk), and SE is
the standard error. The geographic distribution of the included
hospitals was mapped in ArcGIS (version 10.7; ESRI). The map
outline was obtained from the China Resource and Environment
Science and Data Center.

Results

Descriptive Results
In total, 611,288 patients with AMI were initially reported in the
CCA Database–Chest Pain Center during cold seasons between 1
January 2015 and 30 June 2021. According to the inclusion and
exclusion criteria, 456,051 eligible patients from 2,054 certified
hospitals in 323 cities were finally analyzed (Figure 1; Figure S1).
The distributions of sex and age (< or≥65 y) were similar between
total patients with AMI and those finally included in the formal
analysis (Table S1). Among the included patients, 49.7%were≥65
years of age and 73.1% were male (Table S2). In addition, 87 and
20 of the included patients were missing age and sex information,
respectively. Baseline demographic characteristics (i.e., sex and
age) of the included patients, and indicators of economic develop-
ment and medical care levels were generally comparable between
the heating and nonheating regions (Table S3). The mean concen-
trations of PM2:5, NO2, SO2, and CO were slightly higher in the
heating region. The average difference± standard deviation ðSDÞ
between the hour of being admitted into a hospital and the hour
of symptom onset was 14±21 h, and the P25, median (P50), and
P75 of the difference were 2, 4, and 14 h, respectively. Among
patients from the heating region who had provided complete onset
addresses, ∼ 75% lived in urban areas.

As shown in Table 1, the annual numbers of cold spell days
averaged among all weather stations decreased from 24 to 5 with
more stringent cold spell definitions. Daily average temperature
and humidity during the study period were 6.6°C and 64.5%,
respectively. The temperature thresholds for defining cold spell
days were much lower in the heating region (Table S3). The fre-
quency of cold spells occurring in at least 1 d during the case
periods was consistently higher than that during the control peri-
ods (Table S4).

Regression Results
Figure 2 presents the lag structure of the associations between cold
spells and AMI onset over a 0- to 6-d period (see Excel Table S1
for numeric data). Similar patterns were observed for various cold
spell definitions. Generally, the risk of AMI onset appeared on lag
1 d and peaked on lag 3 d. Thereafter, the associations were attenu-
ated and became nonsignificant after ∼ 5 d.

The risk estimates varied by different cold spell definitions
(Table 2). Generally, the more stringent thresholds of temperature
resulted in higher risk estimates, whereas prolonging the duration
did not necessarily yield larger estimates of cold spells. For exam-
ple, for cold spells defined by≤P7:5with≥2-, 3-, and 4-d durations,
the percentage changes in the risk of AMI onset were 4.24% (95%
CI: 2.31%, 6.20%), 3.48% (95%CI: 1.62%, 5.38%), and 2.82% (95%
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CI: 0.98%, 4.70%), respectively. The cold spell definition using a
combination of≤P7:5 and≥3 d resulted in the smallest AIC value.

The associations of cold spells with AMI onset varied greatly
across the heating and nonheating regions (Table 2; Figures S2 and
S3, Excel Tables S2 and S3). In general, significant AMI risks
were observed among patients in the nonheating region for cold
spells of all definitions, and they became positive on lag 1 d,
increased modestly before lag 3 d, and turned nonsignificant on
approximately lag 5 d. In contrast, null or much weaker associa-
tions were found among those in the heating region. Between-
group differences were statistically significant for cold spell defini-
tions based on daily mean temperatures of ≤P2:5 and durations of
at least 2 or 3 d.

Table 3 summarizes the percentage changes in the risk of AMI
onset associated with cold spells in different subgroups. The risk
estimates were positive and statistically significant for cold spells of
all definitions among male patients. For females, the associations
were significant only for cold spells defined by≤P7:5 and durations
of ≥2 or 3 d, as well as ≤P5 and a duration of ≥2 d. For males, the
associations appeared to be slightly stronger, but no significant
effectmodification by sexwas observed for any cold spell definition.
The risk estimates were much higher among patients ≥65 years of
age than among their younger counterparts, with statistically signifi-
cant between-subgroup differences for most cold spells definitions
(Table 3). Moreover, null associations were found in the Northeast
region, where the climatewas the coldest and the centralized heating
operated for the longest period, whereas the risk estimateswere both
statistically significant and similar in the Eastern and the combined
Central andWestern regions (Table S5).

In sensitivity analyses, the risk estimates did not vary greatly
after adjusting for air pollutants at both the national and heating
region levels (Tables S6–S8). The associations remained statisti-
cally significant but were attenuated in the analysis based on the
hospitalization dates (Table S9). Changing dfs for lag dimensions
of cold spell in DLMs generally yielded similar results (Table
S10). Estimates were also not considerably changed when using
cold spell data that were matched based on patient’s onset address
compared with those based on the hospital address (Table S11).

Discussion
In this nationwide case-crossover study in 323 Chinese cities, we
found that cold spells were significantly associated with AMI
onset. The associations were independent of the effects of low

Figure 1. Geographic distribution of the 2,054 hospitals across China from 2015 to 2021. The red circles represent the sites of hospitals in the heating region,
whereas the blue triangles represent the sites of hospitals in the nonheating region. The map outline in this figure was obtained from the China Resource and
Environment Science and Data Center (http://www.resdc.cn). This figure was produced by using ArcGIS (version 10.7; ESRI).

Table 1. Summary statistics of annual cold spell days with different defini-
tions averaged from all weather stations in the Chinese mainland from
January 2015 to June 2021.

Cold spell definitions

Cold spell days per year (n)

Mean SD Minimum Median Maximum

≤P7:5 with ≥2-d duration 24 9 2 22 56
≤P7:5 with ≥3-d duration 20 10 0 19 56
≤P7:5 with ≥4-d duration 17 10 0 16 56
≤P5 with ≥2-d duration 15 9 0 13 48
≤P5 with ≥3-d duration 13 9 0 11 46
≤P5 with ≥4-d duration 10 9 0 8 44
≤P2:5 with ≥2-d duration 7 7 0 5 33
≤P2:5 with ≥3-d duration 6 6 0 4 33
≤P2:5 with ≥4-d duration 5 6 0 2 32

Note: P2.5, 2.5th percentile of the daily mean temperature distribution; P5, 5th percen-
tile of the daily mean temperature distribution; P7.5, 7.5th percentile of the daily mean
temperature distribution; SD, standard deviation.
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temperatures, lasting up to 5 d, with a peak on lag 3 d. Significant
associations were observed in the nonheating region but not in the
heating region. Patients ≥65 years of age were more susceptible to
the impacts of cold spells. To our knowledge, this is the largest
case-crossover study to assess the relationships of cold spells with
AMI onset based on individual cases.

Although low temperature has been widely considered as a
risk factor for cardiovascular diseases,32–34 the effects of cold
spells have been less studied and the results remain controversial.
Some studies reported significantly increased IHD/AMI mortality
or morbidity associated with cold spells,12,14,18 whereas others found
no associations.13,35 This heterogeneity might be interpreted by dif-
ferences in study design, health outcomes (i.e., symptom onset,

hospitalization, or mortality), sample size, and cold spell definitions.
Studies based on hospitalizations ormortality could be subject to tem-
poral mismatch of exposure and disease onset.11,14,18 Accordingly,
studies that use individual information on disease onset may avoid
this kind ofmisclassification. Up to now, only a few small-scale case-
crossover studies explored the impact of cold spells on AMI onset,
and these were in Lithuania and the UK.12,15 However, those studies
defined cold spells using single-temperature thresholds, and only one
of them investigated the independent effects of cold spell after adjust-
ing for daily mean temperature (in the UK).15 In contrast, by virtue of
this large-scale, nationwide registry, the present case-crossover study
examined the associations of cold spells with AMI onset using vari-
ous cold spell definitions, with adjustment for the cumulative effects
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Figure 2. Lag structures for the associations of AMI onset with cold spells using different definitions (n=456,051 eligible patients). The solid black lines are
the lag-specific percentage changes in the risk of AMI onset associated with cold spells, and the gray areas are their 95% confidence intervals. The cold spell
definitions include a range of combinations with temperatures lower than different percentiles (P7.5, P5, and P2.5) of daily temperature distributions and dura-
tions of no less than 2, 3, and 4 d. The corresponding numeric data can be found in Excel Table S1. Note: AMI, acute myocardial infarction; P2.5, 2.5th per-
centile of the daily mean temperature distribution; P5, 5th percentile of the daily mean temperature distribution; P7.5, 7.5th percentile of the daily mean
temperature distribution.
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of daily temperature over multiple lag days. The impact was signifi-
cant within 1wk, andmore transient than that onAMImortality (e.g.,
2 wk to 1 month), as reported in the literature.36,37 This difference is
reasonable because there is always a duration (typically between sev-
eral days and a few weeks) from disease symptom onset to death,
except for sudden death.We further found that more stringent thresh-
olds of temperature generally lead to larger risk estimates, which
might be partly explained by the reduced likelihood of overlapped
cold spell days during the case and control periods.

The impacts of cold spells on AMI onset were of biological
plausibility. Previous evidence has indicated that temperature
decline could result in peripheral vasoconstriction, increased arte-
rial pressure, elevated plasma fibrinogen concentrations, increased
platelet viscosity, and aggravated the cardiac workload,38–40 all of
which may eventually lead to AMI onset. Furthermore, coronary
artery spasm resulting from low temperature exposure could also
exacerbate unstable angina, and consequently accelerate progres-
sion to AMI.41 Due to the brittle cardiovascular system and weak-
ened thermoregulation function, these pathophysiological changes
would be more pronounced among elderly people during cold
days. The underlying comorbidities and disturbed internal environ-
mentmight also contribute to their vulnerability to cold.42 All these
factors help explain the higher risk of AMI onset associated with
cold spells among individuals≥65 years of age.

All the temperature thresholds for defining cold spell days
were well below the thermoneutral temperature (∼ 22�C) for
humans,43,44 and even lower in the heating region, which was
reasonable because of the higher latitudes. When ambient tem-
perature drops below the thermoneutral temperature, humans
may develop behavioral responses, such as wearing more or
thicker clothes and using indoor heating.43 Notably, we observed
significantly increased risk of AMI onset only in the nonheating

region. A multi-city time-series study in China also reported
lower years of life lost per death of all causes attributable to non-
optimum ambient temperatures in regions with centralized heat-
ing than in other regions.45 This heterogeneity may be due to a
series of differential factors, including socioeconomic status, medi-
cal care levels, and the presence of centralized heating. Our results
revealed that heating and nonheating regions were generally com-
parable in the baseline characteristics of study population, eco-
nomic development, and medical care levels. Moreover, similar
risk estimates were observed between the Eastern region and the
combined Central and Western region, although the socioeconomic
levels differed. However, there might still exist other unmeasured
heterogeneous factors that could affect the comparison of the heat-
ing and nonheating regions. Therefore, we cannot simply attribute
the between-region differences in cold spell–AMI associations to
the effectiveness of the centralized heating policy. Future experi-
mental or quasi-experimental studies with individualized indoor
heating information are warranted to better clarify this issue.

The findings of this study may have important implications for
AMI prevention. First, our results illustrate the time course for the
associations of cold spells with AMI onset, which is very useful for
developing an early warning system and setting an appropriate du-
ration for the preventive measures when encountering a cold spell.
Second, given the potential benefits of indoor heating, it is of great
necessity to design more resilient public infrastructures (e.g., cen-
tralized heating) and promote the use of effective personal protec-
tive measures in regions vulnerable to cold spells. Considering the
potential air pollution caused by traditional coal-powered heating,
more advanced technology based on cleaner energy is thus
urgently demanded. Last, special attention should be paid to sus-
ceptible individuals, such as the elderly, and tailored preventive
strategies are also required.

Table 2. Percentage change (%) and 95% CIs in the risk of AMI onset associated with cold spells cumulated over lags 0–6 d nationally and in the heating and
nonheating regions from January 2015 to June 2021.

Cold spell definitions Nationwide Heating Nonheating AICa p-Valueb

≤P7:5 with ≥2-d duration 4.24 (2.31, 6.20) 3.33 (0.59, 6.14) 4.92 (2.01, 7.90) 1,238,179 0.45
≤P7:5 with ≥3-d duration 3.48 (1.62, 5.38) 2.30 (−0:32, 5.00) 4.44 (1.61, 7.34) 1,238,176 0.29
≤P7:5 with ≥4-d duration 2.82 (0.98, 4.70) 2.12 (−0:45, 4.76) 3.21 (0.40, 6.09) 1,238,185 0.59
≤P5 with ≥2-d duration 4.25 (2.11, 6.44) 2.52 (−0:50, 5.63) 5.48 (2.21, 8.85) 1,238,181 0.20
≤P5 with ≥3-d duration 3.66 (1.55, 5.81) 1.74 (−1:18, 4.75) 5.04 (1.79, 8.40) 1,238,183 0.15
≤P5 with ≥4-d duration 2.90 (0.78, 5.06) 1.58 (−1:35, 4.60) 3.43 (0.18, 6.78) 1,238,185 0.42
≤P2:5 with ≥2-d duration 4.61 (1.89, 7.40) 0.80 (−2:89, 4.63) 7.37 (3.10, 11.82) 1,238,188 0.02
≤P2:5 with ≥3-d duration 3.84 (1.09, 6.67) −0:66 (−4:36, 3.20) 7.38 (3.06, 11.89) 1,238,188 0.01
≤P2:5 with ≥4-d duration 2.96 (0.12, 5.89) −0:70 (−4:56, 3.32) 4.68 (0.37, 9.17) 1,238,186 0.07

Note: The sample sizes in the heating and nonheating regions were 234,627, and 221,424, respectively. AIC, Akaike information criterion; AMI, acute myocardial infarction; CI, confi-
dence interval; P2.5, 2.5th percentile of the daily mean temperature distribution; P5, 5th percentile of the daily mean temperature distribution; P7.5, 7.5th percentile of the daily mean
temperature distribution.
aAIC values for the nationwide models.
bp-Values for the differences between the heating and nonheating regions.

Table 3. Percentage change (%) and 95% CIs in the risk of AMI onset associated with cold spells cumulated over lags 0–6 d, stratified by sex, and age in the
Chinese mainland from January 2015 to June 2021.

Cold spell definitions

Sex Age (y)

Male (n=333,456) Female (n=122,575) p-Valuea <65 (n=229,257) ≥65 (n=226,707) p-Valuea

≤P7:5 with ≥2-d duration 4.06 (1.80, 6.36) 4.82 (1.16, 8.62) 0.74 −0:25 (−2:84, 2.41) 8.77 (5.93, 11.68) <0:01
≤P7:5 with ≥3-d duration 3.15 (0.97, 5.37) 4.46 (0.90, 8.14) 0.55 −0:54 (−3:06, 2.04) 7.48 (4.75, 10.28) <0:01
≤P7:5 with ≥4-d duration 2.68 (0.52, 4.88) 3.30 (−0:21, 6.92) 0.78 −1:02 (−3:52, 1.55) 6.63 (3.93, 9.39) <0:01
≤P5 with ≥2-d duration 4.08 (1.57, 6.65) 4.85 (0.77, 9.09) 0.77 0.40 (−2:51, 3.39) 8.08 (4.94, 11.30) <0:01
≤P5 with ≥3-d duration 3.75 (1.27, 6.28) 3.58 (−0:40, 7.73) 0.95 0.40 (−2:47, 3.37) 6.83 (3.77, 9.99) <0:01
≤P5 with ≥4-d duration 3.31 (0.82, 5.87) 1.96 (−2:02, 6.10) 0.59 0.15 (−2:77, 3.14) 5.61 (2.54, 8.76) 0.01
≤P2:5 with ≥2-d duration 5.03 (1.83, 8.32) 3.77 (−1:35, 9.14) 0.70 3.17 (−0:60, 7.09) 5.82 (1.95, 9.84) 0.35
≤P2:5 with ≥3-d duration 4.47 (1.23, 7.81) 2.42 (−2:72, 7.84) 0.53 2.91 (−0:94, 6.91) 4.51 (0.63, 8.55) 0.59
≤P2:5 with ≥4-d duration 3.58 (0.24, 7.03) 0.67 (−4:61, 6.23) 0.38 1.70 (−2:27, 5.82) 3.98 (0.02, 8.11) 0.44

Note: AMI, acute myocardial infarction; CI, confidence interval; P2.5, 2.5th percentile of the daily mean temperature distribution; P5, 5th percentile of the daily mean temperature dis-
tribution; P7.5, 7.5th percentile of the daily mean temperature distribution.
ap-Values for between-subgroup differences.
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The main strengths of this study are listed as follows. First, we
used a standardized and nationally representative registry database
of patients with AMI that covered almost all main cities and hospi-
tals across the Chinese mainland. The considerable sample size
(456,000) ensured adequate statistical power of analysis, and the
wide geographic coverage guaranteed representativeness of the
whole country or other countries with similar climatic features.
Second, the detailed information on time of disease onset assisted
in reducing temporal mismatch of exposure and AMI incidence,
thereby facilitatingmore accurate estimations of their associations.

There were also some limitations. First, as done in prior epi-
demiological analyses, cold spells were defined according to tem-
peratures derived from nearby fixed-site meteorological stations,
inevitably leading to exposure measurement errors. Nevertheless,
such misclassification has been reported to be random and non-
differential and, thus, could only bias our estimates toward the
null.46 Second, we matched environmental data based on hospital
addresses rather than the locations of AMI onset, which may
amplify the exposure misclassification issue. However, we could
assume that patients with AMI were usually sent to the nearest
hospital in China and that there would be very limited spatial var-
iation of cold spells within the same city. Furthermore, our sub-
group sensitivity analyses showed similar results when matching
exposure according to the location of AMI onset. Third, although
time-invariant risk factors could be controlled by design in the
present study, there are still some confounders that vary transi-
ently within a short period, such as short-term stress, smoking,
and physical activity. Fourth, there were some inevitable misclas-
sifications of the heating and nonheating regions in such a large-
scale nationwide study. For example, there was usually no cen-
tralized heating in rural households of the heating region,
whereas there might be individualized indoor heating in the non-
heating region. Some cases of AMI may have occurred before the
heating policy was implemented, which could have had some
influence on the results of the analyses stratified by heating and
nonheating regions. Nevertheless, this would not have substan-
tially impacted our results because a) most patients from the heat-
ing region in the present study were speculated to be urban
residents, who were very likely to experience centralized heating
during cold periods; b) in the heating region, rural residents and
urban residents (before the implementation of centralized heat-
ing) could also adopt multiple individualized measures to keep
rooms warm (e.g., electric space heaters, heated brick bed, fire-
wood cookstoves, and coal stoves); and c) individualized indoor
heating in the nonheating region was usually transient and present
only in limited locations. Fifth, we included only patients with
AMI admitted to chest pain centers—those who died before
arriving at the hospital were not evaluated. If cold spells could
affect AMI survival, there would be bias in our estimations.

Conclusion
This national case-crossover study based on individual patients
from 323 Chinese cities presents compelling evidence that cold
spells were significantly associated with the onset of AMI, and
this risk was independent of low ambient temperatures. For the
first time we found significant heterogeneity in the excess risks
associated with cold spells between the heating and nonheating
regions. Our findings are helpful to improve the cold spell alert
system and tailor the personalized preventive measures under the
context of climate change globally.

Acknowledgments
We thank all the professionals in the Expert Committee and the

Executive Committee of the China Chest Pain Center (https://www.

chinacpc.org/home/auth/orgdesc) for their valuable contributions to
the present study.

This work was supported by the National Natural Science
Foundation of China (92043301, to H.K.), Shanghai International
Science and Technology Partnership Project (21230780200, to R.C.),
and the Shanghai Committee of Science and Technology (21TQ015,
toR.C.).

References
1. GBD 2019 Diseases and Injuries Collaborators. 2020. 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. Lancet 396(10258):1204–
1222, PMID: 33069326, https://doi.org/10.1016/S0140-6736(20)30925-9.

2. Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. 2019. Mortality, morbid-
ity, and risk factors in China and its provinces, 1990–2017: a systematic analy-
sis for the Global Burden of Disease Study 2017. Lancet 394(10204):1145–1158,
PMID: 31248666, https://doi.org/10.1016/S0140-6736(19)30427-1.

3. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM,
et al. 2020. Global Burden of Cardiovascular Diseases and Risk Factors, 1990–
2019: update from the GBD 2019 study. J Am Coll Cardiol 76(25):2982–3021,
PMID: 33309175, https://doi.org/10.1016/j.jacc.2020.11.010.

4. Stewart S, Keates AK, Redfern A, McMurray JJV. 2017. Seasonal variations in
cardiovascular disease. Nat Rev Cardiol 14(11):654–664, PMID: 28518176,
https://doi.org/10.1038/nrcardio.2017.76.

5. Fares A. 2013. Winter cardiovascular diseases phenomenon. N Am J Med Sci
5(4):266–279, PMID: 23724401, https://doi.org/10.4103/1947-2714.110430.

6. Burkart KG, Brauer M, Aravkin AY, Godwin WW, Hay SI, He J, et al. 2021.
Estimating the cause-specific relative risks of non-optimal temperature on
daily mortality: a two-part modelling approach applied to the Global Burden of
Disease Study. Lancet 398(10301):685–697, PMID: 34419204, https://doi.org/10.
1016/S0140-6736(21)01700-1.

7. GBD 2019 Risk Factors Collaborators. 2020. Global burden of 87 risk factors in
204 countries and territories, 1990–2019: a systematic analysis for the Global
Burden of Disease Study 2019. Lancet 396(10258):1223–1249, PMID: 33069327,
https://doi.org/10.1016/S0140-6736(20)30752-2.

8. Luber G, McGeehin M. 2008. Climate change and extreme heat events. Am J
Prev Med 35(5):429–435, PMID: 18929969, https://doi.org/10.1016/j.amepre.2008.
08.021.

9. McMichael AJ, Woodruff RE, Hales S. 2006. Climate change and human
health: present and future risks. Lancet 367(9513):859–869, PMID: 16530580,
https://doi.org/10.1016/S0140-6736(06)68079-3.

10. Ryti NRI, Guo Y, Jaakkola JJK. 2016. Global association of cold spells and
adverse health effects: a systematic review and meta-analysis. Environ Health
Perspect 124(1):12–22, PMID: 25978526, https://doi.org/10.1289/ehp.1408104.

11. Lei J, Chen R, Yin P, Meng X, Zhang L, Liu C, et al. 2022. Association between
cold spells and mortality risk and burden: a nationwide study in China. Environ
Health Perspect 130(2):27006, PMID: 35157500, https://doi.org/10.1289/EHP9284.

12. Vai�ciulis V, Jaakkola JJK, Radi�sauskas R, Tamo�si�unas A, Luk�sien _e D, Ryti NRI.
2021. Association between winter cold spells and acute myocardial infarction
in Lithuania 2000–2015. Sci Rep 11(1):17062, PMID: 34426618, https://doi.org/10.
1038/s41598-021-96366-9.

13. Huang C, Barnett AG, Wang X, Tong S. 2012. Effects of extreme temperatures
on years of life lost for cardiovascular deaths: a time series study in Brisbane,
Australia. Circ Cardiovasc Qual Outcomes 5(5):609–614, PMID: 22991346,
https://doi.org/10.1161/CIRCOUTCOMES.112.965707.

14. Davídkovová H, Plavcová E, Kyn�cl J, Kyselý J. 2014. Impacts of hot and cold
spells differ for acute and chronic ischaemic heart diseases. BMC Public
Health 14(1):480, PMID: 24886566, https://doi.org/10.1186/1471-2458-14-480.

15. Sartini C, Barry SJE, Wannamethee SG, Whincup PH, Lennon L, Ford I, et al.
2016. Effect of cold spells and their modifiers on cardiovascular disease
events: evidence from two prospective studies. Int J Cardiol 218:275–283,
PMID: 27240151, https://doi.org/10.1016/j.ijcard.2016.05.012.

16. Rocklöv J, Forsberg B, Ebi K, Bellander T. 2014. Susceptibility to mortality related
to temperature and heat and cold wave duration in the population of Stockholm
County, Sweden. Glob Health Action 7:22737, PMID: 24647126, https://doi.org/10.
3402/gha.v7.22737.

17. Moraes SL, Almendra R, Barrozo LV. 2022. Impact of heat waves and cold
spells on cause-specific mortality in the city of São Paulo, Brazil. Int J Hyg
Environ Health 239:113861, PMID: 34688108, https://doi.org/10.1016/j.ijheh.2021.
113861.

18. Chen J, Yang J, Zhou M, Yin P, Wang B, Liu J, et al. 2019. Cold spell and
mortality in 31 Chinese capital cities: definitions, vulnerability and implica-
tions. Environ Int 128:271–278, PMID: 31071590, https://doi.org/10.1016/j.
envint.2019.04.049.

Environmental Health Perspectives 087016-7 131(8) August 2023

https://www.chinacpc.org/home/auth/orgdesc
https://www.chinacpc.org/home/auth/orgdesc
https://www.ncbi.nlm.nih.gov/pubmed/33069326
https://doi.org/10.1016/S0140-6736(20)30925-9
https://www.ncbi.nlm.nih.gov/pubmed/31248666
https://doi.org/10.1016/S0140-6736(19)30427-1
https://www.ncbi.nlm.nih.gov/pubmed/33309175
https://doi.org/10.1016/j.jacc.2020.11.010
https://www.ncbi.nlm.nih.gov/pubmed/28518176
https://doi.org/10.1038/nrcardio.2017.76
https://www.ncbi.nlm.nih.gov/pubmed/23724401
https://doi.org/10.4103/1947-2714.110430
https://www.ncbi.nlm.nih.gov/pubmed/34419204
https://doi.org/10.1016/S0140-6736(21)01700-1
https://doi.org/10.1016/S0140-6736(21)01700-1
https://www.ncbi.nlm.nih.gov/pubmed/33069327
https://doi.org/10.1016/S0140-6736(20)30752-2
https://www.ncbi.nlm.nih.gov/pubmed/18929969
https://doi.org/10.1016/j.amepre.2008.08.021
https://doi.org/10.1016/j.amepre.2008.08.021
https://www.ncbi.nlm.nih.gov/pubmed/16530580
https://doi.org/10.1016/S0140-6736(06)68079-3
https://www.ncbi.nlm.nih.gov/pubmed/25978526
https://doi.org/10.1289/ehp.1408104
https://www.ncbi.nlm.nih.gov/pubmed/35157500
https://doi.org/10.1289/EHP9284
https://www.ncbi.nlm.nih.gov/pubmed/34426618
https://doi.org/10.1038/s41598-021-96366-9
https://doi.org/10.1038/s41598-021-96366-9
https://www.ncbi.nlm.nih.gov/pubmed/22991346
https://doi.org/10.1161/CIRCOUTCOMES.112.965707
https://www.ncbi.nlm.nih.gov/pubmed/24886566
https://doi.org/10.1186/1471-2458-14-480
https://www.ncbi.nlm.nih.gov/pubmed/27240151
https://doi.org/10.1016/j.ijcard.2016.05.012
https://www.ncbi.nlm.nih.gov/pubmed/24647126
https://doi.org/10.3402/gha.v7.22737
https://doi.org/10.3402/gha.v7.22737
https://www.ncbi.nlm.nih.gov/pubmed/34688108
https://doi.org/10.1016/j.ijheh.2021.113861
https://doi.org/10.1016/j.ijheh.2021.113861
https://www.ncbi.nlm.nih.gov/pubmed/31071590
https://doi.org/10.1016/j.envint.2019.04.049
https://doi.org/10.1016/j.envint.2019.04.049


19. Guo J, Huang Y, Wei C. 2015. North–South debate on district heating: evidence
from a household survey. Energy Policy 86:295–302, https://doi.org/10.1016/j.
enpol.2015.07.017.

20. Li L, Zhou X, Jin Z, A G, Sun P, Wang Z, et al. 2022. Clinical characteristics and
in-hospital management strategies in patients with acute coronary syndrome:
results from 2,096 accredited chest pain centers in China from 2016 to 2021.
Cardiol Plus 7(4):192–199, https://doi.org/10.1097/CP9.0000000000000032.

21. Xiang DC, Jin YZ, Fang WY, Su X, Yu B, Wang Y, et al. 2021. The National Chest
Pain Centers Program: monitoring and improving quality of care for patients
with acute chest pain in China. Cardiol Plus 6(3):187–197, https://doi.org/10.
4103/2470-7511.327239.

22. Xiang D, Xiang X, Zhang W, Yi S, Zhang J, Gu X, et al. 2020. Management and
outcomes of patients with STEMI during the COVID-19 pandemic in China. J
Am Coll Cardiol 76(11):1318–1324, PMID: 32828614, https://doi.org/10.1016/j.jacc.
2020.06.039.

23. Chinese Society of Cardiology of Chinese Medical Association, Editorial Board
of Chinese Journal of Cardiology. 2017. Guideline and consensus for the
management of patients with non-ST-elevation acute coronary syndrome
(2016). [in Chinese.] Zhonghua Xin Xue Guan Bing Za Zhi 45(5):359–376, PMID:
28511320, https://doi.org/10.3760/cma.j.issn.0253-3758.2017.05.003.

24. Chinese Society of Cardiology of Chinese Medical Association, Editorial Board
of Chinese Journal of Cardiology. 2019. 2019 Chinese Society of Cardiology
(CSC) guidelines for the diagnosis and management of patients with ST-
segment elevation myocardial infarction. [in Chinese.] Zhonghua Xin Xue Guan
Bing Za Zhi 47(10):766–783, PMID: 31648459, https://doi.org/10.3760/cma.j.issn.
0253-3758.2019.10.003.

25. Fu SH, Gasparrini A, Rodriguez PS, Jha P. 2018. Mortality attributable to hot
and cold ambient temperatures in India: a nationally representative case-
crossover study. PLoS Med 15(7):e1002619, PMID: 30040816, https://doi.org/10.
1371/journal.pmed.1002619.

26. Di Q, Dai L, Wang Y, Zanobetti A, Choirat C, Schwartz JD, et al. 2017. Association
of short-term exposure to air pollution with mortality in older adults. JAMA
318(24):2446–2456, PMID: 29279932, https://doi.org/10.1001/jama.2017.17923.

27. Jiang Y, Hu J, Peng L, Li H, Ji JS, Fang W, et al. 2022. Non-optimum temperature
increases risk and burden of acute myocardial infarction onset: a nationwide
case-crossover study at hourly level in 324 Chinese cities. EClinicalMedicine
50:101501, PMID: 35755601, https://doi.org/10.1016/j.eclinm.2022.101501.

28. Chen R, Jiang Y, Hu J, Chen H, Li H, Meng X, et al. 2022. Hourly air pollutants and
acute coronary syndrome onset in 1.29 million patients. Circulation 145(24):1749–
1760, PMID: 35450432, https://doi.org/10.1161/CIRCULATIONAHA.121.057179.

29. Li M, He B, Guo R, Li Y, Chen Y, Fan Y. 2018. Study on population distribution
pattern at the county level of China. Sustainability 10(10):3598, https://doi.org/
10.3390/su10103598.

30. Liu Y, Pan J, Fan C, Xu R, Wang Y, Xu C, et al. 2021. Short-term exposure to am-
bient air pollution and mortality from myocardial infarction. J Am Coll Cardiol
77(3):271–281, PMID: 33478650, https://doi.org/10.1016/j.jacc.2020.11.033.

31. Altman DG, Bland JM. 2011. How to obtain the P value from a confidence inter-
val. BMJ 343:d2304, PMID: 22803193, https://doi.org/10.1136/bmj.d2304.

32. Guo Y, Barnett AG, Pan X, Yu W, Tong S. 2011. The impact of temperature on mor-
tality in Tianjin, China: a case-crossover design with a distributed lag nonlinear
model. Environ Health Perspect 119(12):1719–1725, PMID: 21827978, https://doi.org/
10.1289/ehp.1103598.

33. Chen R, Yin P, Wang L, Liu C, Niu Y, Wang W, et al. 2018. Association between
ambient temperature and mortality risk and burden: time series study in 272

main Chinese cities. BMJ 363:k4306, PMID: 30381293, https://doi.org/10.1136/
bmj.k4306.

34. Bhaskaran K, Hajat S, Haines A, Herrett E, Wilkinson P, Smeeth L. 2010. Short
term effects of temperature on risk of myocardial infarction in England and
Wales: time series regression analysis of the Myocardial Ischaemia National
Audit Project (MINAP) registry. BMJ 341:c3823, PMID: 20699305, https://doi.org/
10.1136/bmj.c3823.

35. Shaposhnikov D, Revich B, Gurfinkel Y, Naumova E. 2014. The influence of me-
teorological and geomagnetic factors on acute myocardial infarction and brain
stroke in Moscow, Russia. Int J Biometeorol 58(5):799–808, PMID: 23700198,
https://doi.org/10.1007/s00484-013-0660-0.

36. Breitner S, Wolf K, Peters A, Schneider A. 2014. Short-term effects of air tem-
perature on cause-specific cardiovascular mortality in Bavaria, Germany.
Heart 100(16):1272–1280, PMID: 24906508, https://doi.org/10.1136/heartjnl-2014-
305578.

37. Ferreira LCM, Nogueira MC, Pereira RVB, de Farias WCM, Rodrigues MMS,
Teixeira MTB, et al. 2019. Ambient temperature and mortality due to acute
myocardial infarction in Brazil: an ecological study of time-series analyses.
Sci Rep 9(1):13790, PMID: 31551489, https://doi.org/10.1038/s41598-019-
50235-8.

38. Carder M, McNamee R, Beverland I, Elton R, Cohen GR, Boyd J, et al. 2005. The
lagged effect of cold temperature andwind chill on cardiorespiratorymortality in
Scotland. Occup EnvironMed 62(10):702–710, PMID: 16169916, https://doi.org/10.
1136/oem.2004.016394.

39. Keatinge WR, Coleshaw SR, Cotter F, Mattock M, Murphy M, Chelliah R. 1984.
Increases in platelet and red cell counts, blood viscosity, and arterial pressure
during mild surface cooling: factors in mortality from coronary and cerebral
thrombosis in winter. Br Med J (Clin Res Ed) 289(6456):1405–1408, PMID:
6437575, https://doi.org/10.1136/bmj.289.6456.1405.

40. Cai J, Meng X, Wang C, Chen R, Zhou J, Xu X, et al. 2016. The cold effects on
circulatory inflammation, thrombosis and vasoconstriction in type 2 diabetic
patients. Sci Total Environ 568:271–277, PMID: 27295598, https://doi.org/10.1016/
j.scitotenv.2016.06.030.

41. Shea DJ, Ockene IS, Greene HL. 1981. Acute myocardial infarction provoked
by a cold pressor test. Chest 80(5):649–651, PMID: 7297165, https://doi.org/10.
1378/chest.80.5.649.

42. Liu X, Kong D, Fu J, Zhang Y, Liu Y, Zhao Y, et al. 2018. Association between extreme
temperature and acute myocardial infarction hospital admissions in Beijing, China:
2013–2016. PLoS One 13(10):e0204706, PMID: 30332423, https://doi.org/10.1371/journal.
pone.0204706.

43. Kowaltowski AJ. 2022. Cold exposure and the metabolism of mice, men,
and other wonderful creatures. Physiology (Bethesda) 37(5):253–259, PMID:
35575253, https://doi.org/10.1152/physiol.00002.2022.

44. van Marken Lichtenbelt WD, Vanhommerig JW, Smulders NM, Drossaerts JM,
Kemerink GJ, Bouvy ND, et al. 2009. Cold-activated brown adipose tissue in
healthy men. N Engl J Med 360(15):1500–1508, PMID: 19357405, https://doi.org/
10.1056/NEJMoa0808718.

45. Liu T, Zhou C, Zhang H, Huang B, Xu Y, Lin L, et al. 2020. Ambient temperature
and years of life lost: a national study in China. Innovation (Camb) 2(1):100072,
PMID: 34557729, https://doi.org/10.1016/j.xinn.2020.100072.

46. Lee M, Shi L, Zanobetti A, Schwartz JD. 2016. Study on the association
between ambient temperature and mortality using spatially resolved exposure
data. Environ Res 151:610–617, PMID: 27611992, https://doi.org/10.1016/j.envres.
2016.08.029.

Environmental Health Perspectives 087016-8 131(8) August 2023

https://doi.org/10.1016/j.enpol.2015.07.017
https://doi.org/10.1016/j.enpol.2015.07.017
https://doi.org/10.1097/CP9.0000000000000032
https://doi.org/10.4103/2470-7511.327239
https://doi.org/10.4103/2470-7511.327239
https://www.ncbi.nlm.nih.gov/pubmed/32828614
https://doi.org/10.1016/j.jacc.2020.06.039
https://doi.org/10.1016/j.jacc.2020.06.039
https://www.ncbi.nlm.nih.gov/pubmed/28511320
https://doi.org/10.3760/cma.j.issn.0253-3758.2017.05.003
https://www.ncbi.nlm.nih.gov/pubmed/31648459
https://doi.org/10.3760/cma.j.issn.0253-3758.2019.10.003
https://doi.org/10.3760/cma.j.issn.0253-3758.2019.10.003
https://www.ncbi.nlm.nih.gov/pubmed/30040816
https://doi.org/10.1371/journal.pmed.1002619
https://doi.org/10.1371/journal.pmed.1002619
https://www.ncbi.nlm.nih.gov/pubmed/29279932
https://doi.org/10.1001/jama.2017.17923
https://www.ncbi.nlm.nih.gov/pubmed/35755601
https://doi.org/10.1016/j.eclinm.2022.101501
https://www.ncbi.nlm.nih.gov/pubmed/35450432
https://doi.org/10.1161/CIRCULATIONAHA.121.057179
https://doi.org/10.3390/su10103598
https://doi.org/10.3390/su10103598
https://www.ncbi.nlm.nih.gov/pubmed/33478650
https://doi.org/10.1016/j.jacc.2020.11.033
https://www.ncbi.nlm.nih.gov/pubmed/22803193
https://doi.org/10.1136/bmj.d2304
https://www.ncbi.nlm.nih.gov/pubmed/21827978
https://doi.org/10.1289/ehp.1103598
https://doi.org/10.1289/ehp.1103598
https://www.ncbi.nlm.nih.gov/pubmed/30381293
https://doi.org/10.1136/bmj.k4306
https://doi.org/10.1136/bmj.k4306
https://www.ncbi.nlm.nih.gov/pubmed/20699305
https://doi.org/10.1136/bmj.c3823
https://doi.org/10.1136/bmj.c3823
https://www.ncbi.nlm.nih.gov/pubmed/23700198
https://doi.org/10.1007/s00484-013-0660-0
https://www.ncbi.nlm.nih.gov/pubmed/24906508
https://doi.org/10.1136/heartjnl-2014-305578
https://doi.org/10.1136/heartjnl-2014-305578
https://www.ncbi.nlm.nih.gov/pubmed/31551489
https://doi.org/10.1038/s41598-019-50235-8
https://doi.org/10.1038/s41598-019-50235-8
https://www.ncbi.nlm.nih.gov/pubmed/16169916
https://doi.org/10.1136/oem.2004.016394
https://doi.org/10.1136/oem.2004.016394
https://www.ncbi.nlm.nih.gov/pubmed/6437575
https://doi.org/10.1136/bmj.289.6456.1405
https://www.ncbi.nlm.nih.gov/pubmed/27295598
https://doi.org/10.1016/j.scitotenv.2016.06.030
https://doi.org/10.1016/j.scitotenv.2016.06.030
https://www.ncbi.nlm.nih.gov/pubmed/7297165
https://doi.org/10.1378/chest.80.5.649
https://doi.org/10.1378/chest.80.5.649
https://www.ncbi.nlm.nih.gov/pubmed/30332423
https://doi.org/10.1371/journal.pone.0204706
https://doi.org/10.1371/journal.pone.0204706
https://www.ncbi.nlm.nih.gov/pubmed/35575253
https://doi.org/10.1152/physiol.00002.2022
https://www.ncbi.nlm.nih.gov/pubmed/19357405
https://doi.org/10.1056/NEJMoa0808718
https://doi.org/10.1056/NEJMoa0808718
https://www.ncbi.nlm.nih.gov/pubmed/34557729
https://doi.org/10.1016/j.xinn.2020.100072
https://www.ncbi.nlm.nih.gov/pubmed/27611992
https://doi.org/10.1016/j.envres.2016.08.029
https://doi.org/10.1016/j.envres.2016.08.029

	Cold Spells and the Onset of Acute Myocardial Infarction: A Nationwide Case-Crossover Study in 323 Chinese Cities
	Introduction
	Methods
	Study Population and Health Data
	Study Design
	Exposure Assessment
	Statistical Analyses

	Results
	Descriptive Results
	Regression Results

	Discussion
	Conclusion
	Acknowledgments
	References


