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Prevention and control measures of the major cold-
region diseases (hypertension) in China
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Abstract

Hypertension is the most common cardiovascular condition in clinical
practice and a major risk factor for stroke and cardiovascular events.
There are more than 270 million hypertension patients in China, and the
prevalence of hypertension in the high-latitude cold areas is significantly
higher than in the low-latitude warm areas. The unique epidemiological
characteristics and risk factors of hypertension in the cold regions of China
urge for establishment of the prevention and control system for targeted
and more effective management of the condition.
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1 Introduction

Hypertension is a vascular disease of rather detrimental
consequences with a high rate of death and disability and has
become one of the most common health conditions in the world.
According to The Report on Nutrition and Chronic Diseases
of Chinese Residents (2015), the prevalence of hypertension
among residents aged 18 and above was 25.2%, but the
awareness rate, treatment rate and control rate were only 46.5%,
41.1% and 13.8%, respectively, addressing the critical situation
of hypertension prevention and control in China. China covers a
vast territory of different climate zones with different prevalence
rates of hypertension. Northern China is within the cold region
(with an average temperature in January below -8°C) spanning
4~6-months frigid weather conditions. People’s eating habits
and lifestyle in northern China are overall more calorie- and
fat-enriched and less physically active than in southern China.
Residents living in cold areas of high latitude are constantly
challenged by higher risk and prevalence of hypertension than
those in warm areas of low latitude. Therefore, implementing
strategy and measures that lock hypertension under effective
prevention and control in cold regions is of great significance for
promoting health status, quality of life, and even the development
of the whole society and economy.

2 Epidemic, harm and prevention strategies
and measures of hypertension

Hypertension is a chronic disease with elevated arterial blood
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pressure, defined by Chinese criteria as systolic blood pressure
2140 mmHg and/or diastolic blood pressure 290 mmHg at resting
state without the use of antihypertensive drugs[1]. It is one of the
most harmful and prevalent diseases of the circulatory system[2].
This condition can cause a series of clinical symptoms by adversely
affecting the function of many important internal organs, especially
the heart, brain, and kidney, eventually leading to organ failure.

In 2010, about 31.1% of adults (1.39 billion people) worldwide had
hypertension[3]. It is estimated that by 2025, global adults with
hypertension will reach 1.56 billion[4]. The incidence and mortality
of hypertension are exceptionally high in China. The latest
hypertension epidemiological survey of community population
shows that the prevalence rate of hypertension in 35~75 years
old Chinese population is 44.7%[5]. Another survey publicized in
2019 revealed an astounding number of 245 million hypertensive
Chinese adults over the age of 18[6].

Hypertension is regarded as a “stealth killer” characterized by high
morbidity, high prevalence, and high complication rates as well as its
concealed and asymptomatic progression. Prior to the appearance
of symptoms, hypertension often has already caused severe
damages to multiple organs (including heart, brain, and kidney) as an
independent risk factor of heart failure[7], coronary heart disease[8],
kidney, and peripheral vascular diseases (atherosclerosis, stroke,
etc.)[9]. If remained uncontrolled and untreated timely, it will lead to
a variety of complications, such as cardiovascular, brain and kidney
complications, rendering patients in health-endangering or even
live-threatening situations.
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Many factors are involved in the pathogenesis and pathological
progression of hypertension. Individual factors such as
heredity[10], age, diet habit[11] and lifestyle[12] are closely related
to the incidence of hypertension. Likewise, environmental factors
also affect the prevalence of hypertension. The results from
surveys and statistical analyses revealed that the populations
with high levels of education have a significantly lower risk of
hypertension in China. Yet, no significant correlation exists
between hypertension and gender or income. Obesity, family
history, diabetes, overweight, waist-to-hip ratio, and high salt
intake all are independent risk factors of hypertension. Therefore,
the key to prevent and treat hypertension is adopting healthy
lifestyle to minimize the impacts of these risk factors.

International guidelines to general hypertension prevention
and treatment are formulated for the whole population, high-
risk groups and hypertension patients, respectively[13, 14].
Combination of prevention and treatment is the fundamental
strategy for hypertension control of the general population, as well
as the high-risk groups and hypertensive patients. The strategy
for the whole population is primarily national health education,
medical knowledge popularization, adopting healthy lifestyle and
participating in health management. Additionally, taking full use of
the existing healthcare service network to boost the participation of
entire communities in the prevention and treatment of hypertension
in the manner of close cooperation among multiple health sectors
and the government at all levels[15]. The strategy for the high-risk
groups is to provide them with intensive health education, guide
them to adopt healthy lifestyle while dropping unhealthy lifestyle
and behavior, and urge them to quit smoking, restrict alcohol
consumption, limit salt intake, and go on a diet and do regular
physical exercise[16-17]. At the same time, early identification and
control of risk factors of hypertension, prevention and delay of the
development of hypertension and associated complications are
important. The measures for hypertension patients are primordial
prevention including early detection, early diagnosis and early
treatment, standardized management and monitoring, and creation
of personal health records with connection to community’s routine
diagnosis and treatment information system for uninterrupted
healthcare services[18-19]. The international guidelines for
hypertension prevention and treatment stress to abandon unhealthy
lifestyles, limit daily sodium intake, persist in weight control and
regular exercise, quit smoking, and restrict alcohol consumption
in conjunction with community intervention, health education and
psychological intervention[20].

3 Impact of chilliness on the prevalence,
harm, and prevention of hypertension

A large number of epidemiological studies have proved that cold
environment increases blood pressure[21-23]. Meanwhile, many

studies have found that the incidence rate and mortality rate
of cardiovascular diseases in high latitude and alpine regions
are higher in winter[24]. A study was conducted to compare the
changes of blood pressure in different seasons in 2051 adults.
The results show that the mean systolic/diastolic blood pressure
(SBP/DBP) in the hot season was 126.8+0.8/82.2+0.8 mmHg, and
the mean SBP/DBP in the cold season was 130.3+0.6/84.4+0.7
mmHg. Subgroup analysis revealed that the blood pressure of
three different groups (normal BP, untreated hypertension patients
and treated hypertension patients) was all significantly higher in
the cold season than in the hot season (P<0.05). A prospective
clinical study in 500,000 residents from 10 provinces/cities in
China revealed that SBP and DBP are 10 mmHg and 4.2 mmHg
higher, respectively, in the cold season (December to February the
following year) than in the hot season (June to August) (P<0.05)
[25]. In addition, the incidence and severity of cerebrovascular
diseases as hypertension complications are also closely related to
the cold climate[26].

The relationship between blood pressure and different seasons,
as well as indoor and outdoor temperatures was systematically
analyzed in the China Chronic Disease Cohort Study[25]. A total
of 506,673 urban and rural residents aged 35 to 79 years from 10
different areas were surveyed and analyzed. The data revealed a
10-mmHg difference in averaged SBP between the summer (June
to August) and the winter (December to February). There is a
negative correlation between SBP and outdoor temperature above
5°C in all 10 regions with a 5.7-mmHg increment for every 10°C
decrement in outdoor temperature[25]. The correlation of SBP
with the outdoor temperature is more significant in older adults
and those with a lower body mass index. At lower temperatures,
the correlation is less pronounced in centrally heated homes.
Increased blood pressure upon exposure to cold temperatures
is called cold-stress hypertension (CSH). The main susceptible
population is the elderly and people with a low body mass index.
The clinical characteristic is that blood pressure rises in daytime
and drops at night, and such fluctuation is more common in
patients with H-type hypertension (hypertension coupled with
high blood homocysteine). When the weather becomes cold,
especially when the temperature drops sharply, the sympathetic
nervous system and the RAS system are over-activated to raise
blood pressure, leading to CSH[27-28], with increased incidence
and mortality of various cardiovascular and cerebrovascular
complications[29-30].

Cold weather or environment has great influence on the diagnosis
and treatment of hypertension. Cold exposure can cause profound
changes in blood pressure differences between young and elder,
men and women, and fat and thin people. Hence, environmental
temperature must be taken into account for the diagnosis of
hypertension, and so must the treatment of hypertension. In
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addition, the antihypertensive regimen should be re-adjusted in
the summer according to the ambient temperature. Moreover,
selection of antihypertensive drugs that could better counter
the pathogenesis of cold-induced hypertension should become
a guideline for clinical practice. For example, RAS inhibitors or
vessel dilators may be one of the appropriate antihypertensive
agents in cold areas[31].

At present, there has not been any specific guidelines and
recommendations on the prevention and treatment standards
of cold-induced hypertension in China and other countries.
Yet, different intervention measures are being taken in different
temperature environments to reduce the adverse effects of
high or low blood pressure and the risk of cardiovascular and
cerebrovascular complications and/or comorbidities, especially
for the elderly. For example, systolic and diastolic blood pressure
levels in cold season can be significantly reduced by improving
heating and dwelling insulation conditions and reducing exposure
time to cold environment. Being on healthy diet and abandoning
unhealthy dietary habits can also reduce the risk of hypertension;
hypertension patients should take on light diet[32] with
appropriate proportions of coarse and find food and of meat and
vegetables. In addition, exposure to sunlight, appropriate vitamin
D supplement, and proper intensity of physical activities are all
helpful for the prevention of cold-induced hypertension.

It has been suggested that regular 24-hour dynamic blood
pressure monitoring or blood pressure self-testing should be
considered for accurate assessment of blood pressure fluctuations
in cold seasons. On the other hand, timely and effective
antihypertensive treatment should be taken with standardized
and individualized regimen to reduce hypertension-related
cardiovascular and cerebrovascular complications and improve
quality of life.

4 Prevalence and prevention of hypertension
in China’s cold regions

Cold regions refer to the geographic areas where the average
temperature in January is below -8°C or the average daily high
temperature is below 0°C for a long period within a year with
precipitation often in the form of snow, shorter sunlight duration,
and distinct four seasons. China’s cold regions account for more
than half of the country's territory, and the number of people
living in cold regions exceeds 200 million. They include three
northeastern provinces of China, Inner Mongolia, and some areas
in northwest and southwest China, all within the regions with
relatively high latitude and altitude in China.

According to a research publicized in 2018, the average
prevalence of hypertension was 29.70% in cold region provinces

and 26.30% in non-cold regions of China[33]. Another research
reported that the prevalence of hypertension was the highest
in the eastern region (32.6%), followed by the northeast region
(31.8%), and the control rate of hypertension in southwest
China (4.8%) and northeast China (5.9%) was very poor[34]. In
Heilongjiang, a northeast province of China, the prevalence of
hypertension was up to 30.76% among residents over 18 years
old in 2015[35].

The analysis and comparison of the main risk factors of
hypertension between cold and non-cold regions uncovered
that besides cold weather, other risk factors, such as the rates
of high blood triglyceride, diabetes, overweight and obesity, and
excessive salt intake were also higher in the nine cold-region
provinces than in the non-cold regions. In contrast, the rates of
insufficient vegetable and fruit intake and physical exercise were
lower in cold regions than in the non-cold regions. Attributable
risk analysis revealed that 48.86% of hypertension in cold regions
of China was related to overweight and obesity, 32.45% to high
salt intake, 9.78% to diabetes, 9.57% to drinking and 6.97% to
smoking.

The results of the questionnaire survey provided by the Centers
for Disease Control and Prevention of all provinces (districts)
showed that the average awareness rate, treatment rate and
control rate of hypertension patients in nine cold-region provinces
were lower than in non-cold region provinces and the national
average[33].

According to the survey on the implementation of prevention and
control measures, eight provinces/autonomous regions in the
cold regions have been conducting regular special investigations
on chronic diseases and risk factors and have established
demonstration areas for comprehensive prevention and control
of chronic diseases. However, half of the provinces/autonomous
regions have not established comprehensive monitoring sites for
chronic diseases, and two provinces/autonomous regions have
not established the resident health record system. Eight cold-
region provinces/autonomous regions have carried out regular
dissemination on hypertension, and seven provinces/autonomous
regions have not carried out salt reduction act. Identification
of hypertension patients in eight cold provinces/regions was
mainly achieved via the blood pressure measurement system
for initial diagnosis in the outpatient department, followed by
hypertension measurement stations, community visits, free
diagnosis, and screening of high-risk groups. Eight provinces/
autonomous regions in the cold region have established
hypertension prevention and control networks and implemented
national basic public health programs for chronic diseases. Five
provinces/autonomous regions have summarized and shared their
hypertension prevention and control experience.
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The recommendations for future hypertension prevention
and treatment from eight cold-region provinces/ autonomous
regions mainly include: (a) to improve the essential hypertension
medication system; (b) to provide intensive technical training
programs to grassroots professionals for improving the treatment
and management of hypertension; (c) to accelerate the construction
of chronic disease prevention and treatment management platforms
and the informatization process of hypertension health records.
Additional suggestions are to increase government financial
investment, improve two-way referral of hypertension patients,
popularize appropriate technologies, and explore hypertension
prevention and control measures and technical solutions suitable
for the poor areas in western China.

5 Experience, advantages, disadvantages and
suggestions on the prevention and treatment
of hypertension in China

The central government of China plays a leading role in formulating
appropriate policies and regulations and making long-term plans for
optimizing the management of hypertension nationwide. Academic
bodies and medical institutions give full play to their professional
expertise, formulate guidelines, provide training and guidance
to the public, and facilitate the standardization of hypertension
diagnosis and treatment. The grassroot community implements
the comprehensive hypertension prevention and treatment model
based on China's national conditions and apply the hypertension
prevention and treatment policy, measures, and experience to
the community practice. Mass media is actively disseminating
the healthy lifestyle and popularizing the hypertension prevention
knowledge to enhance the public health consciousness and the
healthcare level. Through the joint efforts of the whole society, the
prevention and treatment of hypertension in China have made
great achievements and accumulated rich and valuable experience
in the prevention and treatment of hypertension, which is widely
recognized by international counterparts. These prevention and
treatment experiences are herein outlined. (a) The government
plays a leading role in promoting the optimal management of
hypertension in the whole society. (b) Academic groups and medical
institutions give full play to their professional advantages to promote
the standardization of hypertension diagnosis and treatment. (c)
Grassroot communities actively implement the comprehensive
prevention and treatment model for hypertension which is suitable
for China's national circumstances. (d) Mass media actively
disseminate healthy lifestyle and popularize the knowledge about
hypertension prevention and treatment.

The Chinese model of hypertension prevention and treatment
manifests several advantages. (a) The central government of
China attaches great importance to chronic disease prevention
and control. (b) There exists multi-sectoral cooperation under

the guidance of policies and legal protection. (c) There exists a
comprehensive cardiovascular disease (including hypertension)
prevention and control system jointly formed by the National
Center for Disease Control, the Center for Chronic Diseases,
and the National Center for Cardiovascular Diseases. (d) The
epidemiological studies on hypertension have been constantly
becoming more insightful and standardized. (e) Hypertension
prevention guidelines and the related technical specifications
have been widely implemented.

The deficiencies of the hypertension prevention and treatment in
China are manifested in the following aspects. (a) The epidemic
trend of hypertension is extremely severe, “three low and one
high” (low awareness rate, low treatment rate, low control rate,
and high incidence) continues to aggravate, medical resources
and technologies are seriously differentiated, and tertiary
hospitals are overloaded and overwhelmed. (b) Most hospitals
lack hypertensive specialties, which leads to the non-standard
fragmented management of hypertensive patients. (c) The
family doctor system does not presently exist in China, which
negatively impacts the prevention and control of hypertension
and other chronic diseases. (d) Lack of perfect professional and
technical service organizations and basic health service system
and institution. (e) Lack of systematic and operability research on
hypertension prevention and control technologies. (f) Insufficient
popularization of hypertension diagnosis and treatment
technologies. (g) The ability to prevent and control hypertension in
cold regions of China is relatively weak.

Recommendations for hypertension prevention and treatment
in China are as follows. (a) Establish and consolidate the
“government-led, multi-sector cooperative and whole-society
participating” working model for chronic disease prevention and
treatment. (b) Establish guarantee mechanisms to give full play to
the community hypertension management[36]. (c) Pay attention to
the popularization of hypertension prevention knowledge, provide
education on hypertension prevention knowledge in primary
and secondary schools. (d) Set up hypertension specialty in the
hospitals with a ranking above level 2.

The strategies for hypertension prevention and treatment in
cold regions of China are suggested as follows. (a) Establish
the national key laboratory for chronic disease prevention and
treatment and actively carry out scientific research on hypertension-
related diseases in cold regions. (b) Take corresponding measures
to minimize the main risk factors of hypertension in cold areas and
achieve precise prevention and control. (c) Reinforce the building
up of the capability of hypertension prevention and treatment
professional team in cold areas. (d) Incorporate the hypertension
prevention and treatment practice into the health poverty alleviation
project in cold areas[37].
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