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GRAPHICAL ABSTRACT

0ld exposure as environmental trigger of acute chest pain-related life-threatening cardiovascular diseases

Acute coronary syndrome

Cold waves

SFIIN ﬁ @

Plague .
Air temperature drop insta%ility

Ea - & STEMI
N NSTSEMI
Low ambient temperature S MINOCA MI-CAD
A\ Y UA
Z
\D activation vasoconstriction
Acute aortic discesstion

Pulmonary embolism

Recommendations

Low ambient temperature (LAT) and cold waves increase acute myocardial Clinical Practice
infarction (AMI) risk .
Clinicians

LAT increases AMI subtypes risk
° ! . ! YR ! Strengthen scientific knowledge and patient education
o LAT triggers unstable angina Healthcare Institutions
® LAT increases aortic dissection dissection risk Proactive management of vulnerable populations through follow-up
® LAT increases pulmonary embolism risk & warning-triggered interventions
O CHGLEESEREICEEIEE ) Intervention & public policy i Behavior
o Temperature drops trigger acute chest pain-related CVDs T e i el e e
® Elderly, chronically ill, and low SES are most vulnerable S A L2 . L
O Rarfos EE S earie i e e e S Housing insulation & heating improvements ;  Strengthening health monitoring
°

Public education i Maintaining continuous protection

Early warning systems mitigate health risk of cold exposure . 3
Y warning sy g ! Xposu Caring for vulnerable populations

PUBLIC SUMMARY

= Cold exposure is a major but preventable trigger of acute life-threatening cardiovascular events.
= Multidisciplinary evidence links cold exposure to coronary events, aortic dissection, and pulmonary embolism.
= Older adults, chronically ill patients, and low-SES communities are especially vulnerable to cold exposure.

= Integrated clinical, policy, and behavioral measures can reduce cold-related cardiovascular risks.
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Climate change has amplified the variability and intensity of cold weather,
contributing to a growing health burden. Cold exposure serves as a signifi-
cant, yet preventable, environmental trigger for acute chest pain—related life-
threatening cardiovascular diseases (CVDs), such as acute coronary
syndrome, acute aortic dissection, and pulmonary embolism. This scien-
tific statement synthesizes multidisciplinary evidence from meteorology,
environmental epidemiology, basic science, and clinical research to offer an
updated evaluation of the impact of cold exposure on these acute chest
pain-related life-threatening CVDs. The evidence consistently demon-
strates that cold weather significantly increases the incidence of such
events, often with delayed effects lasting several days to weeks. Vulnerable
groups, including the elderly, individuals with chronic conditions, and those
of lower socioeconomic status, are particularly at risk. Data also suggest
that interventions, including central heating, integrated health warning
systems, and appropriate personal protective measures, can effectively
mitigate the associated risks. Based on this evidence, the statement
provides expert consensus recommendations across clinical, policy, and
behavioral domains. Strengthening prevention and response to cold-related
cardiovascular risks is essential for building climate-resilient health
systems and mitigating the health impacts of climate change.

INTRODUCTION

The Global Burden of Disease Study (GBD 2023) has demonstrated that
cold exposure is a significant environmental risk factor for both the incidence
and mortality of cardiovascular diseases (CVDs). In 2023, approximately
1.348 million deaths globally were attributed to cold exposure, with over
475122 of these due to ischemic heart disease, a primary acute chest
pain—related life-threatening CVD.' China bears the largest burden, with an
estimated 326,404 cold-related CVD deaths during the same period.
Research on the cardiovascular effects of cold exposure has shifted from
overall CVD to specific disease subtypes. Recent studies highlight the strong
association between cold exposure and multiple acute chest pain—related life-
threatening CVDs, which are characterized by sudden onset, rapid progres-
sion, high mortality, and limited treatment windows. These include acute
coronary syndrome (ACS), acute aortic dissection (AAD), and pulmonary
embolism (PE).”* Of these, ACS is the most prevalent’ and accounts for
approximately 20% of all CVD-related deaths.” The incidence and mortality
burden of these conditions in China continue to rise. The crude mortality rate
for acute myocardial infarction (AMI) increased significantly from 43.92 per
100,000 in 2006 to 138.94 per 100,000 in 2020.° Similarly, the incidence of PE
rose from 1.2 per 100,000 in 2007 to 7.1 per 100,000 in 2016." Given the well-
established risks associated with cold exposure and the growing epidemio-
logical burdens, acute chest pain—related life-threatening CVDs warrant
prioritized surveillance and prevention in cold environments.

In recent years, climate change has exacerbated cold-related health risks
by increasing air temperature variability and intensifying cold weather events,
including more sudden and severe cold waves.*” Despite the overall trend of
global warming, climate change has resulted in more frequent and extreme
cold events, posing substantial challenges for the prevention and manage-
ment of acute chest pain—related life-threatening CVDs. As the risks of cold
exposure grow in the context of climate change, the global community has
recognized the need to integrate health considerations into climate gover-
nance. At the 2023 United Nations Climate Change Conference (COP28), the
Declaration on Climate and Health emphasized that "human health should be
placed at the heart of climate action.” Similarly, the World Health Organiza-
tion (WHO)'s Fourteenth General Programme of Work (2025—-2028) identifies
climate change as its primary strategic priority. Concurrently, the World Heart
Federation has included “placing cardiovascular health at the core of health
and climate policy” in its 2030 agenda.

These global commitments underscore the central role of health in
contemporary climate governance. In this context, the impact of cold expo-
sure on acute chest pain—related life-threatening CVDs poses a significant

challenge to both public health and clinical practice, highlighting the need for
coordinated, evidence-based actions across disciplines and sectors. This
statement calls for a shift in CVD prevention and control—from a disease-
centered approach to a health-centered model—and aims to support the
development of climate-resilient cardiovascular health systems in the context
of global climate change.

OBJECTIVES AND METHODS

To address this growing public health concern, this scientific statement
synthesizes multidisciplinary evidence from meteorology, environmental
epidemiology, basic medical science, and clinical practice to provide an
updated assessment of the associations between cold exposure and acute
chest pain—related life-threatening CVDs.

The writing group was composed of experts from a broad range of disci-
plines, including cardiovascular medicine, environmental epidemiology,
statistics, atmospheric sciences, and public policy. Relevant literature
published up to October 2025 was identified through searches of Web of
Science, PubMed, China National Knowledge Infrastructure, and Wanfang
Data. Key search terms included "ambient air temperature,” "low air tempera-
ture," or “cold,” combined with terms such as “chest pain,” “cardiovascular
disease,” "acute coronary syndrome,” "acute aortic dissection,” “pulmonary
embolism,” "ST-segment elevation myocardial infarction,” "non-ST-segment
elevation myocardial infarction,” and "unstable angina." Corresponding
Chinese keywords were used when searching Chinese-language databases.
Additional studies were sourced from reference lists of retrieved publications
and through the expert knowledge of the writing group members. All evidence
statements, conclusions, and recommendations represent the consensus of
the writing group and were developed through formal discussions.

The statement first reviews the classification of cold exposure and the
underlying biological mechanisms identified in animal and human studies. It
then summarizes key epidemiological evidence on mortality, morbidity,
and surrogate outcomes. Finally, consensus perspectives and recommenda-
tions are presented to inform clinical practice, public policy, and behavioral
strategies.

nou

COLD EXPOSURE ASSESSMENT

To systematically evaluate the impact of cold exposure on acute chest
pain—related life-threatening CVDs, three commonly used indicators of cold
exposure were summarized based on the existing literature (Table 1).

Low ambient air temperature (LAT) typically refers to outdoor air tempera-
tures that fall below the threshold of human thermal comfort. In epidemio-
logical studies, LAT is often defined using the minimum risk temperature
(MMT)—the temperature at which mortality or morbidity risk is lowest."'"” This
threshold varies significantly by region. For instance, a global analysis found
that the MMT in tropical regions generally corresponds to the 60" percentile
of local air temperature distributions, whereas in temperate regions, it typi-
cally falls within the 80" to 90" percentiles.'®'" Therefore, temperatures below
the region-specific percentile threshold are classified as LAT.

A cold wave refers to an extreme low-temperature event during the cold
season, characterized by air temperatures dropping below a defined thresh-
old and persisting for several consecutive days. Although no universal defini-
tion exists, most epidemiological studies use two criteria: (1) temperature
threshold, defined either by an absolute criterion (e.g., 4°C lower than the
historical mean for the same period) or by a relative criterion (e.g., below the
2.5 5% or 7.5" percentile of the local daily mean air temperature during the
study period); and (2) duration, where air temperatures below the threshold
persist for several consecutive days.'""® For example, a nationwide study in
China defined a cold wave as a period during which the daily mean tempera-
ture fell below the 7.5 percentile of the local air temperature distribution for
at least two consecutive days.'”

Air temperature drop refers to a short-term decrease in air temperature
during the cold season.'" Recent studies suggested that the extreme day-to-
day temperature changes in low and mid-latitudes are likely to be intensified
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Table 1. Exposure indicators for cold weather.

Exposure Indicator Assessment Method

Low Ambient Air Temperature  Air temperature during the cold season

Cold Wave®

An extreme low air temperature event during the cold season, defined by air temperatures below a defined threshold

and persisting for several consecutive days

Air Temperature Drop

A decrease in air temperature within a short period

" Also referred to as cold spell in the literature; cold wave is used in this statement.

under future global warming scenarios.'® In epidemiological research, air
temperature drop is often treated as a continuous exposure indicator, quanti-
fied by the magnitude of air temperature decrease within a specified time
window (e.g., between two consecutive days or within a seven-day period).
For example, a nationwide study defined an air temperature drop as a
decrease in daily mean temperature between two consecutive days.'’

BIOLOGICAL MECHANISMS LINKING COLD EXPOSURE TO ACUTE

CHEST PAIN-RELATED LIFE-THREATENING CVDS
Cold exposure may increase the risk of acute chest pain—related CVDs
through several interconnected pathophysiological pathways.

Sympathetic activation and hemodynamic stress

One important mechanism involves activation of the sympathetic nervous
system during cold exposure. Cold weather stimulates sympathetic activity,
resulting in increased heart rate and blood pressure.'®'” Peripheral vasocon-
striction further elevates systemic vascular resistance and diastolic pressure,
thereby increasing myocardial oxygen demand and cardiac workload.'®"
Cold-induced increases in afterload and microcirculatory dysfunction may
shorten diastole, reduce subendocardial perfusion, and increase extravascu-
lar compression, thereby exacerbating myocardial ischemia.”” Moreover,
these hemodynamic responses may contribute to acute aortic dissection.
Increased heart rate and blood pressure elevate aortic wall stress, while
peripheral vasoconstriction augments afterload, predisposing susceptible
individuals to dissection events.”"**

Coronary vasoconstriction and oxygen supply—demand imbalance

Cold exposure may induce coronary vasoconstriction and coronary artery
spasm, thereby reducing coronary blood flow and impairing myocardial
perfusion. Activation of cold receptors in the skin or airways increases cate-
cholamine release, which may trigger spasms in both the epicardial coronary
arteries and the coronary microcirculation, potentially contributing to
ischemic events such as myocardial infarction with non-obstructive coro-
nary arteries (MINOCA).”** In individuals with coronary artery stenosis,
reduced myocardial oxygen supply and increased cardiac workload may
cause oxygen supply-demand imbalance, leading to myocardial ischemia
and angina.”**’

Plaque instability

Cold exposure may also promote instability of atherosclerotic plaques.
Exposure to low temperatures has been associated with elevated low-density
lipoprotein cholesterol (LDL-C) levels, plague enlargement, and the formation
of larger necrotic cores.” These changes can weaken the fibrous cap and
promote plaque rupture, a key initiating event in ACSs, including AMI and non-
ST-segment elevation myocardial infarction (NSTEMI).”* Sustained eleva-
tions in heart rate and blood pressure during thermoregulatory responses
may increase hemodynamic stress on vulnerable plaques and further
contribute to plaque instability.””**

Prothrombotic and inflammatory mechanisms

Cold exposure promotes a prothrombotic state through multiple pathways.
Low temperatures enhance platelet aggregation, upregulate coagulation
factors, impair vascular endothelial function, and trigger inflammatory
responses.”™ Cold exposure may also induce diuresis, plasma volume
reduction, and hemoconcentration, which increase blood viscosity and favor
coronary thrombosis. The combined effects of vasoconstriction, tachycardia,

elevated blood pressure, and increased blood viscosity may further increase
the risk of occlusive cardiovascular events.” Peripheral vasoconstriction may
reduce blood flow velocity and contribute to venous stasis, while reduced
physical activity during cold weather may further aggravate it, potentially
favoring thrombogenesis and increasing the risk of deep vein thrombosis and

35,38-40

subsequent PE.™

RESEARCH EVIDENCE ON COLD EXPOSURE ASSOCIATED ACUTE CHEST
PAIN-RELATED LIFE-THREATENING CVDS

Through a systematic literature review and evidence assessment, ten lines
of evidence on the impact of cold weather exposure on acute chest
pain—related life-threatening CVDs were summarized (Table 2). These
evidence statements were categorized into three primary domains: disease
risk, vulnerable populations, and protective measures.

Evidence quality was assessed using the internationally recognized Grad-
ing of Recommendations Assessment, Development, and Evaluation
(GRADE) system,”" which classifies evidence as high, moderate, low, or very
low. High-quality evidence indicates a high level of confidence in the esti-
mated effect, whereas moderate-quality evidence suggests that further
research may influence the estimate. Low-quality evidence reflects substan-
tial uncertainty, and very low-quality evidence warrants cautious interpreta-
tion of the findings.

Evidence on disease risk

(1) Low ambient air temperature and cold waves are associated with
increased incidence and mortality of acute myocardial infarction (High-
quality evidence). Extensive global research has consistently demonstrated a
strong association between cold exposure and an increased incidence of
acute AMI. As early as the 1930s, clinical observations and epidemiological
studies suggested that low ambient air temperatures could act as a signifi-
cant trigger for coronary events.””*® Subsequent systematic studies across
multiple countries have consistently confirmed that cold exposure substan-
tially elevates both the incidence and mortality of AMI***> A 1999 multicenter
study by the WHO found that for every 10°C decrease in ambient air temper-
ature, the risk of AMI increased by approximately 13%.“° More recent large-
scale epidemiological studies have supported this finding, identifying low
ambient air temperature as a major risk factor for AML.*"** Furthermore, cold
waves have been linked to increased AMI risk. A case-crossover study involv-
ing over 400,000 AMI cases across 232 Chinese cities from 2015 to 2021
showed that during cold waves (defined as periods when the daily mean air
temperature fell below the 7.5" percentile for at least two consecutive days),
AMI incidence increased by 4.24% compared to non-cold wave periods."”
Numerous studies have consistently demonstrated that both the incidence
and mortality of AMI are significantly higher during cold waves than in non-
cold wave periods.””'

(2) Low ambient air temperature is associated with increased incidence
of AMI subtypes (High-quality evidence). Previous research has demon-
strated that low ambient air temperature significantly increases the inci-
dence of various AMI subtypes. An analysis of over one million cases from
the China Chest Pain Centers (2015-2021) revealed that low ambient air
temperature notably elevated the risk of both ST-segment elevation myocar-
dial infarction (STEMI) and NSTEMI. Compared to the minimum-risk temper-
ature, extremely low air temperature (-14.2°C) raised the incidence of STEMI
and NSTEMI by 32% and 36%, respectively, with no significant difference
between the two.” Another study using the same dataset showed that,
compared to the minimum-risk temperature, extreme low air temperature (1%

4 The Innovation Medicine 4(3): 100232, July 23, 2026

www.the-innovation.org/the-innovation-medicine


https://www.the-innovation.org/the-innovation-medicine
https://www.the-innovation.org/the-innovation-medicine
https://www.the-innovation.org/the-innovation-medicine
https://www.the-innovation.org/the-innovation-medicine
https://www.the-innovation.org/the-innovation-medicine
https://www.the-innovation.org/the-innovation-medicine
https://www.the-innovation.org/the-innovation-medicine

Evidence-Based Medicine J:a%I3"

Table 2. Evidence on the impacts of cold exposure on acute chest pain—-related life-threatening cardiovascular diseases.

No. Evidence Description

Evidence Level

Disease Risk

1 Low ambient air temperature and cold waves are associated with increased incidence and mortality of acute  High
myocardial infarction

2 Low ambient air temperature is associated with increased incidence of acute myocardial infarction subtypes High

3 Low ambient air temperature is associated with increased incidence of unstable angina Low

4 Low ambient air temperature is associated with increased incidence of acute aortic dissection High

5 Low ambient air temperature is associated with increased incidence of pulmonary embolism Moderate

6 The impacts of low ambient air temperature and cold wave on acute chest pain—related life-threatening CVDs Moderate
can persist for several days

7 Ambient air temperature drop in cold season is associated with increased incidence of acute chest High
pain—related life-threatening CVDs

Vulnerable Populations

8 Elderly individuals, patients with chronic diseases, and populations with low socioeconomic status are more  Moderate
vulnerable to acute chest pain—related life-threatening CVDs under cold exposure

Protective Measures

9 Regions with insufficient central heating coverage may experience higher risks of acute chest pain—related Moderate
life-threatening CVDs associated with cold exposure

10 Early warning systems and protective measures can mitigate the impacts of cold weather on acute chest Moderate

pain—related life-threatening CVDs

percentile) increased the risks of MINOCA and myocardial infarction with
obstructive coronary artery disease (MI-CAD) by 58% and 32%, respectively,”
highlighting cold exposure as a potent trigger for both subtypes.

(3) Low ambient air temperature is associated with increased incidence
of unstable angina (Low-quality evidence). The association between low
ambient air temperature and unstable angina (UA) remains inconclusive.
However, several epidemiological studies have reported a notable winter peak
in UA-related hospital visits and mortality,** suggesting potential adverse
effects of cold exposure. Notably, most existing studies have not distin-
guished between stable angina (SA) and UA. For example, a meta-analysis of
over 300,000 angina cases found that each 10°C decrease in air temperature
increased the overall risk of angina by 8%, without differentiating UA.” Thus,
current evidence on the link between cold exposure and UA remains limited.

(4) Low ambient air temperature is associated with increased incidence
of acute aortic dissection (High-quality evidence). Accumulating evidence
indicates that low ambient air temperature significantly increases the risk of
AAD, acting as a key environmental determinant of disease onset. A nation-
wide study involving more than 40,000 patients from China Chest Pain
Centers (2015-2020) reported that each 10°C decrease in air temperature
was associated with a 27% increase in AAD incidence.'” At extremely low air
temperatures (-10°C), the risk rose by 184% compared to optimal tempera-
tures (28°C).*° Similarly, a Japanese study of over 90,000 patients from
hospitals between 2012 and 2020 found a 128% higher AAD incidence at
-10°C compared to 20°C."" Both studies confirmed that cold exposure
elevates the risk of both type A and type B AAD.'"*’

(5) Low ambient air temperature is associated with increased incidence
of pulmonary embolism (Moderate-quality evidence). Low ambient air
temperature increases the risk of PE. An analysis of nearly 20,000 PE patients
from China Chest Pain Centers (2015-2020) revealed that each 10°C
decrease in air temperature was associated with a 10% higher PE risk, with
the effect persisting for up to 72 hours after exposure.” Similarly, a nation-
wide study in Italy, including over 220,000 PE hospitalizations (2006—-2015),
found a 10.7% increase in risk per 10°C decrease in air temperature.”
However, the wide confidence intervals in both studies necessitate cautious
interpretation. Overall, epidemiological evidence linking cold exposure to PE
remains limited, and causal pathways require further investigation.

(6) The effects of low ambient air temperature and cold wave on acute
chest pain-related life-threatening CVDs can persist for several days
(Moderate-quality evidence). The adverse effects of low ambient air temper-
ature and cold waves on acute chest pain—related life-threatening CVDs may

persist for several days following exposure. Data from more than one million
cases reported by China Chest Pain Centers showed that AMI incidence
remained significantly elevated for up to three weeks after cold exposure.*
Subtype-specific analyses revealed that the impact of low ambient air
temperature on MINOCA and MI-CAD manifested one day post-exposure,
peaked at 4-5 days, and lasted for 7—9 days.”” A case-crossover study of
over 400,000 AMI cases across 232 Chinese cities from 2015 to 2021 further
found that cold waves (defined as daily mean air temperatures below the 7.5"
percentile for at least two consecutive days) increased AMI risk starting the
day after exposure, with the effect persisting for 4-5 days.'” In contrast, data
from China Chest Pain Centers indicate a shorter lag effect for AAD and PE,
with risk peaks occurring on the day of exposure and the following day.***

(7) Ambient air temperature drop in cold season is associated with
increased incidence of acute chest pain-related life-threatening CVDs
(High-quality evidence). Ambient air temperature drops have consistently
been associated with significant increases in the incidence of acute chest
pain—related life-threatening CVDs, particularly AMI and AAD. As early as the
mid-20th century, clinical observations, such as those by Petersen, noted a
rise in coronary thrombosis following abrupt temperature decreases.”” The
first systematic evidence came from Teng et al., who analyzed 1,386 AMI
cases in Dallas hospitals (1946—1951) and found a marked increase in inci-
dence during polar cold-air outbreaks.” More recent multicenter studies have
reaffirmed the strong association between air temperature drops and
elevated risks of both AMI®" and AAD.'"*" For instance, an analysis of over
40,000 AAD cases from 2015 to 2020 in China found that each 10°C
decrease in the daily air temperature difference (mean air temperature of the
current day minus that of the previous day) was associated with a 26%
increase in incidence risk.'’

Evidence on vulnerable populations

(8) Elderly individuals, patients with chronic diseases, and populations
with low socioeconomic status are more vulnerable to acute chest
pain—-related life-threatening CVDs under cold exposure (Moderate-quality
evidence). Elderly individuals, patients with chronic conditions (such as
diabetes, hyperlipidemia, and hypertension), and populations with low socioe-
conomic status (SES) are particularly vulnerable to acute chest pain—related
life-threatening CVDs during cold exposure. Observational studies across
multiple countries have consistently shown that low ambient air tempera-
tures and cold waves significantly increase the incidence and mortality of
AMI and its subtypes among older adults.””* For instance, a study from the
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United Kingdom found that individuals aged 75-84 experienced a signifi-
cantly higher AMI risk during cold waves (2003-2006) compared to younger
individuals,* while in Australia, AMI-related hospital admissions (2013-2015)
among the elderly rose substantially within four hours of cold wave onset.*”
Similarly, a large-scale Japanese study involving nearly 100,000 patients
between 2012 and 2020 reported a notable increase in AAD incidence among
individuals aged over 75 during cold waves.”” Data from China Chest Pain
Centers indicate that adults aged 65 and above between 2015 and 2020 had
approximately twice the risk of PE compared with younger adults.*

Patients with chronic conditions, such as diabetes,®”** hyperlipideria,”**
and hypertension,” are also more vulnerable to cold-induced acute chest
pain—related life-threatening CVDs, likely due to reduced physiological adapt-
ability to environmental stressors. When traditional cardiovascular risk
factors are well-managed, environmental triggers, such as cold exposure,
may become the predominant precipitating factor. Additionally, populations
with low SES face heightened risks due to poor housing insulation, limited
access to heating, and lower health awareness compared to higher SES
groups.*=*

Evidence on protective measures

(9) Regions with insufficient central heating coverage may experience
higher risks of acute chest pain—-related life-threatening CVDs associated
with cold exposure (Moderate-quality evidence). Populations in areas with
limited central heating, such as southern China, experience higher risks of
acute chest pain—related life-threatening CVDs during cold exposure. Data
from China Chest Pain Centers suggest that under low-temperature condi-
tions, the incidence of AMI and its subtypes,” as well as AAD and PE, is
significantly higher among residents in southern regions compared to those
in northern regions with central heating. Specifically, for every 10°C decrease
in ambient air temperature, the risk of PE increases by 15% in southern resi-
dents but only by 7% in northern residents from 2015 to 2020. Even within
northern regions, the risk of acute chest pain—related life-threatening CVDs
during the non-heating winter period is substantially higher than during the
heating period ®, highlighting the protective role of central heating.

In regions without central heating, adequate personal cold protection
measures, such as maintaining indoor warmth and wearing layered clothing,
can mitigate the impact of cold exposure on acute chest pain—related life-
threatening CVDs. The Eurowinter study published in The Lancet demon-
strated that Finnish residents, who maintained higher indoor temperatures
and adopted additional protective measures, had significantly lower cold-
related health risks than Athens residents, who lacked similar measures.”"

(10) Early waming systems and protective measures can mitigate the
impacts of cold weather on acute chest pain—related life-threatening CVDs
(Moderate-quality evidence). Timely cold weather warnings and protective
interventions, such as household heating support, have been shown to signif-
icantly reduce cold-induced cardiovascular risks.”"* Countries like the United
Kingdom, Canada, and the United States have established cold weather
health warning systems that facilitate early public action™’" For example, the
UK's Cold Weather Plan, introduced in 2011, uses a five-level warning and
action framework. Its implementation has been associated with significant
reductions in cold-related cardiorespiratory mortality among individuals
younger than 65 years between 2007 and 2015.”° In China, significant
progress has been made in cold risk warnings for acute chest pain—related
life-threatening CVDs. The "ACS Cold Risk Forecast and Early Warning
System" developed by the China Chest Pain Centers in collaboration with the
National Institute of Environmental Health, Chinese Center for Disease
Control and Prevention, is the country's first disease-specific cold risk alert
system. This system uses a four-tier (green, yellow, orange, and red) health
risk framework and has been implemented nationwide through the China
Chest Pain Center network, providing patients with personalized risk assess-
ments and tailored protective recommendations.

CONCLUSIONS AND RECOMMENDATIONS

Based on the synthesized evidence, this scientific statement concludes
that cold weather significantly increases the incidence of acute chest
pain—related life-threatening CVDs, often with delayed effect. Elderly individu-
als, people with chronic diseases, and populations with low SES are particu-

larly vulnerable. However, interventions such as central heating, health warn-
ing systems, and appropriate personal protective measures can effectively
mitigate the adverse effects of cold exposure on these conditions.

Clinical recommendations for risk mitigation

Clinicians: Strengthen scientific knowledge and patient education.
While clinicians recognize the role of climate factors in disease prevention
and management, their understanding and application of this knowledge in
clinical practice remain limited.”*” Evidence-based protective practices, such
as maintaining adequate indoor air temperatures, enhancing local body insu-
lation, and avoiding outdoor exposure or vigorous activities during early
morning hours, can effectively reduce health risks associated with cold expo-
Sure-"’c','c‘l,&

Therefore, clinicians should develop a systematic and up-to-date under-
standing of the cardiovascular risks associated with cold exposure. In routine
practice, meteorological risk factors should be incorporated into medical
history taking and risk assessments, with particular attention to cold waves
and air temperature drops. Clinicians should educate patients on evidence-
based protective strategies, such as recognizing early warning signs of cold-
related illness, ensuring appropriate thermal protection, and modifying
behavior during cold waves, through personalized counseling and digital or
community-based health communication channels. Additionally, climate-
health knowledge and response competencies should be integrated into
continuing medical education programs and residency training to improve
clinicians' climate-health literacy.

Healthcare institutions: Proactive management of vulnerable popula-
tions through follow-up and warning-triggered interventions. Proactive
follow-up and risk management by healthcare institutions have been shown
to improve health outcomes among elderly and chronically ill patients,™*
thereby helping reduce cold-related cardiovascular events. Community
nurses, who maintain frequent and trusted contact with residents, play a
pivotal role in health education and behavioral support during cold
seasons.”* Additionally, general hospitals can enhance primary care capac-
ity through optimized resource allocation, strengthened collaboration, and
data sharing,”” while large-scale clinical data offers valuable insights for
climate-health research and risk prediction.”

Healthcare institutions should monitor cold-weather health risk forecasts
and implement automated response protocols during cold waves or ambient
temperature drop alerts. Medical resources should be strategically preposi-
tioned, and staff training in risk identification, health education, and emer-
gency response should be strengthened. Primary healthcare facilities should
maintain registries of high-risk populations, conduct risk stratification, and
implement targeted follow-up. During warning periods, general hospitals
should optimize cardiovascular emergency pathways and activate regional
collaborative networks—such as medical consortia, specialty alliances, or
internet hospitals—to share real-time information, provide remote consulta-
tions, and ensure efficient two-way referral systems. Simultaneously, hospi-
tals should leverage clinical data to support research and develop predictive
models for cold-related CVD events.

Interventions and public policy

Cold health risk early warning. Developing effective early warning
systems is crucial for reducing health risks associated with meteorological
events. Although studies specifically addressing cold-weather alerts are
limited,”® broader climate-health adaptation research shows that early
warning systems can significantly reduce adverse health outcomes.”” Multi-
sectoral collaboration is recognized as a fundamental element of climate-
related health governance,”** and warnings with actionable guidance greatly
enhance public adherence to protective behaviors.”

Therefore, government authorities should lead the development of a multi-
tiered early warning system for acute chest pain—related life-threatening
CVDs during cold weather. This system should facilitate data sharing and
joint analysis among meteorological, healthcare, and public health sectors,
thereby establishing a prevention framework centered on early warning, rapid
response, and coordinated action. Graded alerts should clearly define risk
levels, targeted populations, and recommended actions, and be dissemi-
nated through various accessible communication channels that provide
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timely information with clear behavioral guidance.

Housing insulation and heating improvements. Improving residential
insulation and heating systems is an effective strategy for mitigating cold-
related health risks. Randomized controlled trials have shown that maintain-
ing adequate indoor temperatures significantly reduces the incidence and
mortality of cold-related diseases.”” Regional studies further demonstrate
that central heating provides significant protective effects, whereas popula-
tions in areas with mild winters and inadequate heating, such as southern
China, face prolonged exposure and higher CVD risk. %5592

Regions with centralized heating should ensure stable and continuous
operation while advancing energy-efficient retrofitting of older housing,
including improvements in wall and window insulation. Areas without
centralized heating should implement temperature-responsive heating
strategies to maintain comfortable indoor environments through on-demand
heating and adaptive control systems.

Public education. Systematic climate and health education can effectively
increase public awareness and promote protective behaviors, thereby reduc-
ing cold-related health risks.”" Randomized trials have shown that older
adults receiving health education interventions report better perceived health
and greater adoption of protective behaviors.”® Additionally, the design of
communication strategies and message framing plays a significant role in
improving intervention effectiveness.”*

Thus, a multisector communication network involving public health author-
ities, meteorological services, healthcare systems, and community organiza-
tions should be established. Both traditional and digital media should be
utilized to reach diverse audiences, with tailored interventions for high-risk
groups. Given the substantial burden of CVDs already observed among
adolescents and young adults,” public education should also adopt a life-
course approach and promote early awareness of modifiable cardiovascular
risks. Continuous health education should be implemented in key community
settings, such as hospitals, community centers, schools, and nursing homes,
especially in regions with mild winters but limited heating and low public
awareness.

Behavioral strategies

Avoiding cold exposure. Appropriate personal protective measures—such
as maintaining adequate indoor air temperatures, reinforcing insulation of key
body areas, and avoiding early-morning outdoor exposure—can significantly
mitigate the adverse health effects of cold exposure. "%

The public should closely monitor meteorological and public health warn-
ings during cold weather, take preventive measures in advance, and limit
unnecessary outdoor activities. Vulnerable individuals should limit outdoor
exposure, particularly during early morning or nighttime hours. When
outdoors, individuals should wear layered clothing, with particular attention to
protecting the head, neck, mouth, nose, and extremities. Indoors air tempera-
ture should be maintained at appropriate levels, and precautions should be
taken to prevent sudden temperature drops during activities such as bathing
or after returning from outdoor exposure.

Strengthening health monitoring. Continuous or home-based monitoring
may help reduce the risk of adverse outcomes among older adults and
patients with chronic diseases.''”" Therefore, high-risk individuals are
encouraged to monitor key physiological indicators, such as blood pressure
and heart rate, record measurements daily, and seek medical attention
promptly if abnormal readings or chest discomfort occur.

Maintaining continuous protection. Cold exposure has prolonged effects,
with elevated CVD risks persisting for one to three weeks after
exposure. #8552 pProtective measures should be maintained during and after
cold periods, focusing on continued avoidance of cold exposure and consis-
tent health monitoring.

Caring for vulnerable populations. Elderly individuals, those with chronic
diseases, and population with lower SES are at heightened risk for acute
chest pain—related life-threatening CVDs during cold weather.**% These
groups often exhibit a pattern characterized by high risk but low risk percep-
tion and limited protective actions,'” while strong family support has been
shown to enhance risk awareness and adherence to protective
behaviors.'*'*

Therefore, a family-centered health support system should be considered.

Evidence-Based Medicine a%a%}

Family members should actively recognize health risks, communicate cold-
protection knowledge, remind elderly or chronically ill relatives to monitor vital
signs and take medications, and provide emotional support and assistance
with medical visits. Continuous family engagement can strengthen self-
management and support sustained protective behaviors.
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