
Encyclopedia of China Publishing House

REPORT  ON  CARDIOVASCULAR
DISEASES  IN  CHINA (2014)

中国心血管病报告 2014

National Center for Cardiovascular Diseases,China

国家心血管病中心



图书在版编目（CIP）数据

责任编辑：韩小群

中国心血管病报告. 2014：英文/国家心血管中心著、译. -北京：中国大百科全书出版社，

2015.12

INBN 978-7-5000-9694-8

Ⅰ.①中… Ⅱ.①国… Ⅲ.①心脏血管疾病－研究报告－中国－2014－英文  Ⅳ .①R54

中国版本图书馆CIP数据核字（2015）第296394号

（北京阜成门北大街17号 邮政编码：100037 电话：010-88390718）

http://www.ecph.com.cn

北京骏驰印刷有限公司印刷（北京市海淀区西北旺屯佃工业园区289号）

新华书店经销

开本：889×1194毫米 1/16印张：12.5　字数:300千字

2015年12月第一次印刷

印数：1－4000册

ISBN 978-7-5000-9694-8

定价:125.00元

INBN 978-7-5000-9694-8

Copyright by Encyclopedia of China Publishing House,Beijing,China,2014.4

Published by Encyclopedia of China Publishing House

17 Fuchengmen Beidajie,Beijing,China 100037

http://www.ecph,com.cn

Distributed by Xinhua Bookstore

First Edition 2015.12

Printed in the People’s Republic of China

本书如有印装质量问题，可与本出版社联系调换。

出版发行



EDITORIAL COMMITTEE
for Report on Cardiovascular Diseases in China (2014) 

Chief Editor: Hu Shengshou

Deputy Chief Editors: Gao Runlin; Liu Lisheng; Zhu Manlu; Wang Wen;  

 Wang Yongjun; Wu Zhaosu; Li Huijun; Zheng Zhe; Jiang Lixin; Chen Weiwei 

Secretaries: Sui Hui; Ma Liyuan

Writing Group members

Chen Weiwei; Du Wanliang; Gao Zhan; He Jianguo; Jia Weiping; Li Guangwei; Li Xiaoying; Li 

Xiaomei; Li Ying; Liu Kejun; Liu Jing; Luo Xinjin; Ma Liyuan; Mi Jie; Sui Hui; Wang Jinwen; 

Wang Wei; Wang Wen; Wang Yu; Wang Zengwu; Xu Zhangrong; Yang Xiaohui; Zeng Zhechun; 

Zhang Jian; Zhang Shu; Zhang Yuhui; Zhao Liancheng; Zhou Xin; Zhu Jun; Zuo Huijuan

Editorial Board members 

Chen Chunming; Chen Weiwei; Chen Yude; Du Wanliang; Gao Runlin; Gu Dongfeng; Hu Dayi; 
Hu Shengshou; Jiang Lixin; Li Huijun; Li Guangwei; Li Wei; Li Xiaoying; Li Xiaomei; Li Ying; 
Liu Kejun; Liu Jing; Liu Lisheng; LuoXinjin; Mi Jie; Rao Keqin; Tang Xinhua; Wang Bin; Wang 
Chunning; Wang Haiyan; Wang Mei; Wang Wei; Wang Wen; Wang Wenzhi; Wang Yilong; Wang 
Yongjun; Wang Yu; Wang Zengwu; Wu Di; Wu Liangyou; Wu Xigui; Wu Zhaosu; Xu Zhangrong; 
Yang Gonghua; Yang Xiaohui; Yao Chonghua; Zeng Zhechun; Zeng Zhengpei; Zhang Jian; Zhang 
Shu; Zhao Dong; Zhao Liancheng; Zheng Zhe; Zhu Jun; Zhu Manlu; Zuo Huijuan

Academic Committee Members

Chen Chunming; Chen Haozhu; Chen Jilin; Chen Junshi; Chen Lanying; Chen Wenxiang; Chen 
Xuli; Chen Yude; Chen Zaijia; Cheng Xiansheng; Dai Guizhu; Ding Jinfeng; Fang Qi; Feng 
Jianzhang; Gao Runlin; Gao Shan; Ge Junbo; Gong Lansheng; Gu Dongfeng; Guan Heng; Hong 
Shaoguang; Hu Dayi; Hu Jianping; Hu Shengshou; Hua Qi; Huang Dejia; Huang Jun; Huang 
Tigang; Hui Rutai; Huo Yong; Jia Guoliang; Jiang Weijian; Jin Shuigao; Kong Lingzhi; Li 
Guangwei; Li Jianjun; Li Nanfang; Li Xiaoying; Li Yishi; Li Ying; Li Yong; LiYunqian; Liang 



Wannian; Liao Yuhua; Lin Shanyan; Lin Shuguang; Liu Guozhang; Liu Lisheng; Lu Guoping; Lu 
Zaiying; Lu Zongliang; Lv Chuanzhen; Ma Hong; Ma Shuping; Pan Changyu; Qi Wenhang; Rao 
Keqin; Shen Weifeng; Sun Ming; Sun Ningling; Tang Xinhua; Wang Daowen; Wang Fangzheng; Wang 
Haiyan; Wang Mei; Wang Wen; Wang Xiaowan; Wu Kegui; Wu Qinghua; Wu Xigui; Wu Yinsheng; Wu 
Zhaosu; Xiang Kunsan; Xu Zhangrong; Xu Zhimin; Xu Chengbin; Yan Shengkai; Yan Xiaowei; Yang 
Xiaoguang; Yang Xinchun; Yang Yuejin; Yao Chonghua; Ye Ping; You Kai; Yu Guoying; Zeng Dingyin; 
Zhang Qinyi; Zhang Tingjie; Zhang Tong; Zhang Weiwei; Zhang Weizhong; Zhang Zhuo; Zhao Dong; 
Zhao Jizong; Zhao Lianyou; Zhao Shuiping; Zhao Yuanli; Zhou Jingchun; Zhu Dingliang; Zhu Jun; Zhu 
Xiaodong; Zhu Junren; Zhu Zhiming

Translated by: China Oxford Center for International Health Research, Fuwai Hospital

       Li Xi; Zhang Lihua; Su Meng; Du Xue; Guan Wenchi; Wu Xuekun; Yu Yuan

       Yale University, US
       Rebecca Liu, Ya-Na Chen, Yidong Li, Victor Liu, Emily Gudbranson, John Welsh

Text proofreader: National Center for Cardiovascular Diseases, Fuwai Hospital

          Ma Liyuan



5

Preface 
 

Rapid socioeconomic progress in China has exerted a great impact on lifestyle. An epidemic of 
cardiovascular diseases (CVD) in China is emerging as a result of lifestyle changes, urbanization and 
the accelerated process of ageing. The incidence of CVD is continuously increasing and will remain an 
upward trend in the next decades.

CVD is the leading cause of death for Chinese in both urban and rural area. Nowadays, 44.8% of 
deaths in rural area and 41.9% of deaths in urban area are caused by CVD. The increasing disease burden 
of CVD has become a major public health issue. Effective strategies should be enforced urgently for 
the prevention and treatment of CVD under the supervision of the government. In May 2012, fifteen 
Ministries, including the Ministry of National Health and Family Planning, jointly issued the Work Plan 
for Chronic Disease Prevention and Control in China  (2012–2015), a guideline for the prevention and 
control of chronic diseases, especially CVD in China. We should actively follow and implement its 
recommendations.

Since 2005, the National Center for Cardiovascular Diseases has recruited specialists in cardiology, 
cardiac surgery, neurology, nephrology, diabetes, epidemiology, community health, health economics and 
biostatistics and other related fields to compile the annual Report on Cardiovascular Diseases in China. 
The report aims to provide technical guidance and authoritative evaluations for cardiovascular disease 
prevention and treatment; provide the technical foundation for government legislation and strategic 
planning; and to establish a platform for international communication and cooperation. 

Note: The term “cardiovascular diseases” refers in this report to cardiovascular, cerebrovascular diseases and their related diseases.
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AAA：Abdominal Aortic Aneurysm
AAI/R：Atrial sensing, Atrial pacing, Inhibited, 
Rate response single chamber pacing
ABI：Ankle Brachial Index
ACEI：Angiotensin Converting Enzyme Inhibitor
ACS：Acute Coronary Syndrome
AM：Acute Myocardial Infarction
BMI：Body Mass Index
CABG：Coronary Artery Bypass Grafting
CAD：Carotid Atherosclerotic Disease
CCEP：China Cholesterol Education Program
CDS：China Diabetes Society
CHNS：China Health and Nutrition Survey 
CVD：Cardiovascular Diseases
CHD：Coronary Heart Disease
CI：Confidence Interval 
CKD：Chronic Kidney Disease
CNDMDS：China National Diabetes and 
Metabolic Disorder Study
COPD：Chronic Obstructive Pulmonary Disease
CRT：Cardiac Resynchronization Therapy
CTEPH：Chronic Thromboembolic Pulmonary 
Hypertension 
DALYs：Disability Adjusted Life Years
ECMO：Extracorporeal Membrane Oxygenation
ESRD：End Stage Renal Disease
EVAR：Endovascular Aneurysm Repair
GFR：Glomerular Filtration Rate
HbA1c：Hemoglobin A1c
HDL–C：High Density Lipoprotein–Cholesterol 
HF：Heart Failure

HR：Hazard Ratio
ICD：Implantable Cardioverter–Defibrillator
IHD：Ischemic Heart Disease 
IMT：Intima–Media Thickness
INR：International Normalized Ratio
IPAH：Idiopathic Pulmonary Artery Hypertension
ISH：Isolated Systolic Hypertension
LEAD：Lower Extremity Atherosclerotic Disease
LDL–C：Low Density Lipoprotein–cholesterol 
LVEDD：Left Ventricular End Diastolic Diameter
LVEF：Left Ventricular Ejection Fraction
OSAHS：Obstructive Sleep Apnea Hypopnea 
Syndrome
Met：Metabolic Equivalent
MS：Metabolic Syndrome
PAD：Peripheral Artery Disease
PAH：Pulmonary Arterial Hypertension
PARP：Population Attributable Risk Proportion
PCI：Percutaneous Coronary Intervention
PTCA：Percutaneous Transluminal Coronary 
Angiography
PWV：Pulse Wave Velocity
RFCA：Radiofrequency Catheter Ablation
RR：Relative Risk
SHS：Second–Hand Smoking 
STEMI：ST Elevation Myocardial Infraction
TC：Total Cholesterol 
TG：Triglycerides 
WC：Waist Circumference 
WHtR：Waist–Height Ratio 
YLD：Year Lived with Disability

Abbreviations
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Outline of the  
Report on Cardiovascular Diseases in China, 2014

1. Prevalence and Mortality of Cardiovascular Diseases
1.1 Prevalence of Cardiovascular Diseases

In China, the prevalence of cardiovascular disease (CVD) is continuously increasing. Currently, an 
estimated 290 million individuals suffer from CVD; of these, 270 million have hypertension, at least 7 
million have had a stroke, 2.5 million have had a myocardial infarction, 4.5 million have had a heart failure, 
5 million have had a pulmonary heart disease, 2.5 million have had a rheumatic heart disease, and 2 million 
have had a congenital heart disease. One in five Chinese adults is afflicted by CVD.

1.2 Mortality of Cardiovascular Diseases

The increase of CVD mortality in China has slowed down since 2009. In 2013, the mortality rate due to 
cardiovascular disease was 293.69 per 100 000 persons in rural area and 259.40 per 100 000 persons in urban 
area. 44.8% of deaths in rural area and 41.9% of deaths in urban area are caused by CVD in China, higher 
than those of tumors and any other diseases. 2 of every 5 deaths are caused by CVD.

The increase in CVD mortality is mainly attributed to the increases in the mortality of ischemic heart 
disease (IHD). Data from the National Disease Surveillance Point System on the causes of all deaths between 
2004 and 2011 demonstrated that the standardized mortality rate from IHD was rising significantly in people 
over 35 years of age in all area, with an annual increase of 5.00% in men and 3.65% in women. For both men 
and women, the mortality rate due to IHD increased faster in rural population than in urban population. The 
standardized mortality from IHD for rural population became higher than that of urban population in 2011, 
though it was lower than that of urban population in 2004.

The data from the 6th national population census of China in 2010 showed that the per capita life 
expectancy of the Chinese population at age 0 was 74.8 years, 72.4 years for men and 77.4 years for women. 
Death from cerebrovascular diseases is one of the main reasons of affecting Chinese life expectancy. 
Data from the National Disease Surveillance Point System on the cause of death between 2005 and 2010 
demonstrated that the all–cause mortality was 773 per million in 2010. After excluding the deaths from 
cerebrovascular diseases, calculated life expectancy increased by 2.26 years in 2010, with 1.79 and 2.41 years 
for urban and rural areas, respectively. 97% of the increase was attributable to the removal of cerebrovascular  
deaths in people over 40 years old. The mortality of cerebrovascular diseases was lower in 2010 than in 2005. 
The reduction was significantly larger in urban areas than in rural areas.
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2. Risk Factors of Cardiovascular Diseases 
2.1 Hypertension

Hypertension is one of the most common chronic non–communicable diseases, and also the most 
important risk factor for cardiovascular diseases. Results from the Global Burden of Disease 2010 (GBD 
2010) showed that every year, 2 million pre–mature deaths in China are due to elevated blood pressure, and 
the medical costs of hypertension therapy are as high as 36.6 billion RMB per year.

(1)According to a survey conducted in 2002, the prevalence of hypertension among Chinese adults over 
the age of 18 was 18.8%. The prevalence showed an upward tendency in recent years. It is higher in northern 
areas than in southern areas. In some northern areas, the prevalence is as high as 30%. The prevalence 
of hypertension in both males and females increased from 1979 to 2002. The difference in hypertension 
prevalence between urban and rural populations is shrinking, in 1979, the rates were 10.8% versus 6.2%, 
respectively, whereas in 2002 the rates were 19.3% versus 18.6%, respectively. 

(2)Previous cohort studies indicated that the incidence of hypertension increased from 2.9/100 person–
years (1991–1997 cohort) to 5.3/100 person–years (2004–2009 cohort).

(3)High–normal blood pressure: the detection rate of high–normal blood pressure among adults is 
increasing. It is higher in northern areas than in southern areas, and higher among obese people than among 
non–obese people. According to a 2002 study, high–normal blood pressure was detected in 34% in Chinese 
adults > 18 years of age, with a higher rate in males than in females. The rate was highest among those in the 
40–59 years age group. It is estimated that there are 300 million people nationwide with high–normal blood 
pressure. Compared with normotensives, the risk in subjects with high normal blood pressure is increased by 
56% for stroke, 44% for coronary heart disease, and 52% for all CVD. 

(4)The awareness, treatment, and control rates of hypertension: According to surveys performed from 
2009 to 2010 among 50 171 adults of at least 18 years of age in 13 provinces/cities, the awareness rate, 
treatment rate, control rate, and treatment control rate of hypertension were 42.6%, 34.1%, 9.3% and 27.4%, 
respectively. All rates were found to have increased from those in 2002 (30.2%, 24.7%, 6.1%, and 25.0%, 
respectively). Additionally, all rates were higher in females than in males, and higher in urban than in rural 
areas.

(5)Risk factors associated with hypertension in the Chinese population include a high sodium and 
low potassium diet, obesity and overweight, high alcohol consumption, mental stress, family history of 
hypertension, sedentary lifestyle, old age, high triglyceride, high total cholesterol, and low high–density 
lipoprotein levels, and long–term use of a non–steroid anti–inflammatory drug (NSAID). Individuals who 
exhibit central obesity, even with normal BMI, are associated with higher risk of hypertension. Individuals 
with a traditional northern diet have significantly higher risk of hypertension than those with southern diet.

(6)Blood pressure levels among children of different genders and ages are increasing. The China Health 
and Nutrition Surveys from 1991 to 2009 showed that the prevalence of hypertension among children has 
been continuously increasing, from 7.1% in 1991 to 13.8% in 2009, with an average annual rate of increase 
of 0.47%. The National Student Health Study collected blood pressure readings from 190 000 Han Chinese 
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children and adolescents aged 7 to 17 years in 2010. The results showed that the prevalence of juvenile 
hypertension was 14.5% (boys: 16.1%, and girls: 12.9%), and that the prevalence of hypertension increased 
with age, regardless of gender.

(7)Overweight, obesity, glucose–lipid metabolism abnormalities, family history of hypertension, low 
birth weight (< 2.6 kg), and sleep deprivation are risk factors for hypertension in children and adolescents. A 
birth weight greater than or equal to 4 kg, poor nutrition in the prenatal and early postnatal periods, suffering 
from famine at an early stage, and childhood sensitivity to salt are risk factors for developing hypertension in 
early adulthood. Hypertensive children were more likely to develop hypertension in adulthood, and the risk 
of developing cardiac and renal damage among people who had continuously elevated blood pressure from 
childhood to adulthood was 3 times that of people with normal blood pressures.

(8)Secondary hypertension is the main cause of hypertension among hospitalized children (52.0%). The 
average age of children with secondary hypertension was less than those with primary hypertension. Renal 
disease was the primary cause of secondary hypertension, accounting for 1/3 to 2/3 of all cases. Recent 
studies have found that drug–related hypertension has become the second most common cause of secondary 
hypertension, accounting for 18.3% of all cases.

2.2 Smoking

(1)Prevalence of smoking：According to the Global Adult Tobacco Survey (GATS)–China Project in 
2010, the overall smoking rate in men over 15 years of age was 62.8%, with a current smoking rate of 52.9%. 
This translates to 340 million overall male smokers, with 290 million current smokers. The overall female 
smoking prevalence was 3.1% (with a 2.4% current smoking rate); the number of female smokers was 16.39 
million (10.46 million current smokers). The overall smoking rate of the rural population was significantly 
higher than that of the urban population (29.8% vs. 26.1%).

(2)The Global Youth Tobacco Survey (GYTS) 2014 China Program is the largest youth tobacco survey, 
covering 31 provinces and 155 117 students aged 13–15 year–old, who all completed the survey. The results 
of this survey indicated that the overall tobacco use rate among Chinese students was 6.9%. 18.8% students 
had tried smoking (28.9% for boys and 7.7% for girls). Among those who reported ever trying cigarettes, 
82.3% smoked a whole cigarette for the first time before 13 years of age. 71.8% of current smokers had tried 
to quit. More than half of the students reported have been exposed to second–hand smoking in indoor public 
places (57.2%) or schools (54.5%). 

The smoking rate for graduate students was 6.1% (11.5% for male and 1.4% for female). Up to 62.6% of 
patients over 60 years of age with coronary heart diseases have a prior history of smoking, though 19.1% had 
quit. 

Smoking cessation: Although the smoking cessation rate has increased slightly in recent years, the rate is 
not high enough to ensure smoking control. The smoking cessation rate rose from 9.42% in 1996 to 11.5% 
in 2002, and then to 16.9% in 2010. During this time, the number of people who stopped smoking increased 
by 15 million. In 2010, the GATS–China project reported that 16.1% of current smokers intended to quit 
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smoking within the next 12 months. The rate of smoking relapse has increased, from 10.5% in 1996 to 32.5% 
and 33.1% in 2002 and 2010, respectively.

(3)Rates of cardiovascular morbidity and mortality are higher among smokers and passive smokers than 
among non–smokers. A multi–province/city cohort study on cardiovascular disease risk factors employed 
a 10–year follow–up of 30 000 individuals aged 35 to 64 years old. The study demonstrated that smoking 
was an independent risk factor acute coronary heart disease and acute ischemic stroke. 19.9% of all acute 
coronary heart disease events and 11.0% of all acute ischemic stroke events were attributed to smoking. 
Researchers have analyzed the data from a multi–center prospective cohort of 26 607 Chinese with an 
average 9.5 years follow–up during 1986–2000. The results showed that the overall risk of all stroke types 
was 1.39 in current Chinese male smokers, mainly due to the increased risk of ischemic stroke (HR 1.49). 
Quitting smoking was found to substantially reduce the risks of death.

2.3 Dyslipidemia

(1) A national survey in 2010 showed that the prevalence of TC ≥6.22 mmol/L among males and females 
over 18 years of age were 3.4% and 3.2%, respectively. The prevalence of TG ≥2.26 mmol/L among males 
and females was 13.8% and 8.6%, respectively. Dyslipidemia prevalence was higher in urban than in rural 
areas, and higher in the Eastern than in the Central–western regions. Males ages 45–59 and females above 60 
had the highest prevalence rates of hypercholesterolemia.

(2) Between 2007 and 2008, a study examined the prevalence, awareness, treatment, and control rates for 
hypercholesterolemia in people over 20 years old. For men and women, the prevalence for TC ≥ 6.22 mmol/
L was 8.7% and 9.3%, respectively; the awareness rate was 27.6% and 20.7%, respectively; the treatment rate 
was 21.4% and 14.0%, respectively; the control rate was 18.3% and 11.2%, respectively; and the treatment–
control rate was 88.1% and 78.4%, respectively.

(3) Among 12 040 patients with dyslipidemia who participated in a survey of the management of 
patients with dyslipidemia in 2011, 39% received lipid–lowing therapies, with the majority using statins. 
The percentage reaching low–density lipoprotein cholesterol (LDL–C) target was only 25.8%. Only 19.9% 
and 21.1% patients with high–risk and very high–risk cardiovascular disease factors reached LDL–C target 
levels. The results of Dyslipidemia International Study–China (DYSIS–China) showed that 88.9% of 
inpatients were administrated statins in 2012. Among all patients who received statin therapy, 38.5% did not 
reach the LDL–C target level, and patients with high or very high risk tended to achieve the LDL–C target 
level at a lower rate.

2.4 Diabetes Mellitus

(1) In the 2010 Chinese Chronic Disease Survey, which recruited 98 658 Chinese adults of over 18 years 
of age, the overall prevalence of diabetes was estimated to be 11.6%. The prevalence among men was 12.1%, 
and among women was 11.0%. The newly diagnosed diabetes was 8.1%, 8.5% in men, 7.7% in women. The 
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prevalence of previously diagnosed diabetes was 3.5% (3.6% in males, 3.4% in females). The prevalence of 
diabetes was higher in urban residents. 

The prevalence of prediabetes was estimated to be 50.1% in Chinese adults: 52.1% in men and 48.1% in 
women. 

Among patients with diabetes, only 30.1% (29.7% in males, 30.5% in females) were aware of their 
condition, only 25.8% (25.5% in males, 26.2% in females) received treatment for diabetes, and only 39.7% 
(40.7% in males, 38.6% in females) of those treated had their condition controlled to target levels. The 
awareness, treatment and management rates for diabetes are higher in urban areas than in rural areas; higher 
in developed and medium developed areas than in underdeveloped areas.

(2) The 3B (blood glucose, blood pressure, and blood lipids) Study surveyed 25 817 patients with type 
2 diabetes from 104 hospitals and found only 5.6% achieved the target goals for control of blood glucose, 
blood lipids and blood pressure.

(3) The China Da Qing Diabetes Prevention Study is the earliest and longest study in the world that 
involves implementing lifestyle interventions to prevent diabetes. The study followed subjects for 20 years 
and showed that compared with control participants, those in the combined lifestyle intervention groups had 
a 51% lower incidence of diabetes during 6 year active intervention period and a 43% lower incidence over 
the 20 year period. Participants in the intervention group spent an average of 3.6 fewer years with diabetes 
than those in the control group. After 23–year follow up, the mortality of cardiovascular diseases and all–
cause mortality and incidence of diabetes in intervention group were all lower than those of the control group 
by 41%, 29% and 45%, respectively.

2.5 Overweight and Obesity

(1) The prevalence of overweight and obesity has increased in the past decade. The 2010 China Chronic 
Disease Monitoring Program reported that the prevalence of overweight, obesity, and central obesity reached 
30.6%, 12.0%, and 40.7%, respectively. These rates had increased significantly since 2002. Data collected 
from nearly 20 000 subjects aged 60 years or above demonstrated a positive correlation between the risk of 
hypertension/diabetes and waist circumference.

(2) The prevalence of obesity among children and adolescents is also on the rise. Five national surveys 
on the health status of Chinese students were conducted from 1985 to 2010. The results showed an increase 
in the number of overweight and obesity individuals. The overweight and obesity rates for children and 
adolescents in 2010 increased by 8.7 times, 38.1 times respectively in comparison with those in 1985.

2.6 Physical Inactivity

(1) Results from the Chinese Health and Nutrition Survey (CHNS) showed a significantly decreasing 
trend in physical activity in residents aged 18–49 years old. Compared to data from 1997, total physical 
activity in 2009 has decreased by 29% in males and 38% in females. The results from China Chronic Disease 
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Monitoring Program in 2010 showed that the proportion of people who participated in regular exercise (3 
times per week, at least 10 minutes of moderate–intensity physical activity each time) was only 11.9%, and 
that this proportion was much lower among younger adults in the 25–44 year age group.

(2) Level of physical activity was inversely associated with BMI, WC, percent body fat (PBF), and risk 
of diabetes. Study results also showed that baseline physical activity levels were inversely associated with all 
cause mortality and cardiovascular mortality.

2.7 Diet and Nutrition

(1) The China Health and Nutrition Survey revealed that the total caloric intake significantly declined, 
but the percentage of total caloric intake from fat was much higher than the level recommended, while the 
percentage of total caloric from carbohydrates decreased. The dietary cholesterol intake increased obviously. 
Although the dietary calcium intake increased slightly, it was only half of the recommended level. The 
daily intake of salt was much higher than the level recommended by dietary guidelines. The consumption of 
vegetables, fruits and vitamin C was also insufficient.

(2) Among children and adolescents, the same changes in diet as described above were observed. The 
proportion of children and adolescents with the Western diet pattern is increasing, which was a important 
factor of obesity in children and adolescents. Research also showed an increasing risk of obesity and 
hypertension among children and adolescents with the Western diet pattern.

(3) The results from the INTERHEART study showed a lower risk of acute myocardial infarction (AMI) 
in people with higher vitamin and mineral diet scores. A higher risk of AMI was found in people with higher 
fat and protein diet scores.

 
2.8 Metabolic Syndrome

According to the 2002 China Health and Nutrition Survey, the prevalence of metabolic syndrome (MS) in 
adults aged over 18 was 6.6% (as diagnosed by China Diabetes Society criteria) or 13.8% (as diagnosed by 
U.S. National Cholesterol Education Program’s Adult Treatment Panel III criteria).

3. Cardiovascular Diseases
3.1 Stroke

(1) The Ministry of Health has conducted a national health service survey every five years since 1993. 
The results show that the prevalence of stroke is on the rise, with a higher stroke prevalence in the urban 
population than in the rural population. 

(2)According to data from the China Health Statistics Yearbook 2014, the stroke mortality rate from 
2003 to 2013 was higher in rural than in urban population, as well as higher in men than in women. The 
mortality rate of stroke in 2013 was 125.56 per 100 000 in urban populations and 150.17 per 100 000 in rural 
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populations. Based on the sixth national population census data, it is estimated that 835 800 urban residents 
and 1 012 100 rural residents died from stroke in 2013. 

(3)High blood pressure, high alcohol consumption, smoking, obesity, and intracranial arterial stenosis all 
increased the risk of stroke. Air pollution increased the risk of stroke mortality. 

(4)The China National Stroke Registry demonstrated that the adherence to antihypertensive medicines 
among patients with stroke was low, which increased the risk of stroke recurrence; the rate of warfarin use 
was low. An anticoagulant was insufficient in patients with atrial fibrillation.

3.2 Coronary Heart Disease

(1) The Fourth Family Health Survey, part of the 2008 China Health Services Survey, showed that the 
overall prevalence of ischemic heart disease was 7.7‰ , 15.9‰ in urban areas and 4.8‰ in rural areas. 
According to the 2010 national sixth population census, it was projected that there were 10 315 900 patients 
with ischemic heart disease in Mainland China in 2008. 

(2)The rate of coronary heart disease mortality increased from 2002 to 2013. According to data from the 
China Health and Family Planning Statistics Yearbook 2014, the coronary heart disease mortality in 2013 
was 100.86 per 100 000 for urban populations and 98.68 per 100 000 for rural populations. These rates have 
both increased in comparison to the mortality rates of the preceding year (urban: 93.17 per 100 000; rural: 
68.62 per 100 000). Overall, the coronary heart disease mortality rate was higher in urban than in the rural 
populations, and higher in males than in females.

(3)The mortality of AMI showed an increasing trend. The AMI mortality is higher in the urban than in 
the rural population. Since 2005, the AMI mortality in the rural population has increased rapidly, especially 
between 2012 and 2013. The AMI mortality in rural areas exceeded that in urban areas. The AMI mortality 
increased with age in both genders and different regions, and the trend accelerated exponentially since 40 
years of age.

(4)According to the data from National Health and Family Planning Commission of Percutaneous 
Coronary Intervention (PCI) network reporting system, the number of PCI cases in Mainland China has 
steadily increased. The total number of PCI cases in 2013 was 454 505. 

(5)The China PEACE–Retrospective AMI study analyzed 13 815 STEMI admissions in 2001, 2006 and 
2011. The results showed that, between 2001 and 2011, rates of hospital admission for STEMI per 100 000 
people increased from 3.5 in 2001, to 7.9 in 2006, to 15.4 in 2011; P trend<0.0001. There were significant 
increases in the use of aspirin and clopidogrel within 24 h of hospital admission.  Despite an increase in 
the use of primary PCI, the proportion of patients not receiving reperfusion has not significantly changed. 
β blockers, angiotensin–converting–enzyme inhibitors, and angiotensin receptor blockers remain very 
underused. The in–hospital mortality rate has not decreased significantly.
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3.3 Arrhythmia

(1) A survey conducted in 2004 in 10 different regions (4 cities and 6 rural areas) showed that the 
prevalence of atrial fibrillation (AF) in people 35 to 59 years of age was 0.77% (males 0.78%, females 
0.76%). 19% of males and 30.9% of females with AF also had valvular heart conditions. After adjusting for 
age and gender, the results showed that a history of myocardial infarction, a left ventricular hypertrophy, 
obesity, and alcoholism were all risk factors for AF. Since 2008, China has begun building a national online 
platform for AF research that facilitates data collection. By 2010, the database had already received the data 
from nearly 20 000 patient cases, but the total number of AF cases still far exceeds the number recorded 
in the database. Registration data from 2010 showed that 4 253 radiofrequency catheter ablation (RFCA) 
procedures were used in the treatment of atrial fibrillation. Currently, circumferential pulmonary vein 
isolation is still the main technique used for treatment of AF, accounting for 65.1% of treatments for all AF 
cases.

(2)A retrospective study of hospitalized patients from cardiology departments in 22 provincial hospitals 
showed that 26.8% of all the patients had cardiac arrhythmia. Among all of the patients, AF is the most 
common arrhythmia (35.0%), followed by paroxysmal supraventricular tachycardia (28.0%), sick sinus 
syndrome (11.9%) and premature ventricular contractions (11.6%).

(3)According to the 2013 Ministry of Public Health Website Registry data, 51 752 pacemakers were 
implanted in 2013, indicated a 5% increase compared with that in 2012 (49 502 cases). Among the indications 
for cardiac pacing therapy, 51.0% were for sick sinus syndrome and 39.0% were for atrioventricular block 
(18 387). Implantation volume for ICDs was 1903 cases in 2013, 15.2% higher than that in 2012, and dual 
chamber ICD accounted for 32.0%. Radiofrequency ablation volume was 83 450 cases in 2013, 13.5% higher 
than the number performed in 2012. Of the RFCAs carried out in 2013, 17.7% were for the treatment of AF.

(4)A survey with a one–year follow–up of 678 718 people from July 2005 to June 2006 found that the 
incidence rate of sudden cardiac death was 41.8/100 000, with a higher rate in men than in women (44.6/100 
000 vs. 39.0/100 000).This rate increased with age. There were about 544 000 sudden cardiac deaths occur 
annually in China.

3.4 Heart Failure

(1)The prevalence of chronic heart failure is 0.9% in China (0.7% in males and 1.0% in females). The 
prevalence increases with age. It is higher in northern China than in southern China (1.4% vs. 0.5%), and 
higher in urban than in rural areas (1.1% vs. 0.8%). In the recent 30 years, the main cause of heart failure has 
changed from rheumatic valve heart disease to coronary heart disease.

(2)A recent retrospective survey of over 15 years followed patients hospitalized with CHF in the General 
Hospital of the People’s Liberation Army. It revealed that the 30–day mortality rate for CHF is 5.4%.
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3.5 Pulmonary Arterial Hypertension (PAH)

(1)Among the inpatients treated for congenital heart disease associated with PAH at Fuwai Hospital, the 
proportions of patients with atrial septal defect (ASD), ventricular septal defect (VSD), and patent ductal 
arteriosus (PDA) were 27.0%, 65.9%, and 7.1% respectively. The septal defect diameters increased with age, 
which in turn increases the risk of PAH. Patients with VSD and PDA were more likely to have PAH.

(2)A national survey of 31 tertiary hospitals reported the following causes of pulmonary arterial 
hypertension (PAH): congenital heart disease associated PAH (49.6%), idiopathic PAH (27.2%), connective 
tissue disease associated PAH (11.6%), and chronic thromboembolic PAH (11.6%). 

(3)For patients with central chronic thromboembolic pulmonary arterial hypertension (CTEPH), those 
treated with surgery had a higher long–term survival rate than those patients treated with medications. For 
peripheral CTEPH, there was no significant difference between the two groups.

(4)Results of a 2007 epidemiological study in Beijing, Tianjin, Liaoning, Shanghai, Guangdong, Shanxi 
and Chongqing among people over the age of 40 showed that the prevalence rate of COPD was 8.2%. 
The COPD prevalence rate was significantly higher in rural areas (8.8%) than in urban areas (7.8%). The 
estimated number of patients with COPD in China was 43 million. COPD ranked fourth leading cause of 
death in urban areas and third in rural areas. From 1990 to 2008, the COPD mortality rate declined annully.

3.6 Cardiovascular Surgery

(1)In the past decade, the annual number of cardiovascular surgeries in Mainland China has increased. 
In 2013, 207 881 cardiovascular surgeries were performed, with surgeries involving extracorporeal bypass 
accounting for 162 320 of those cases. 1 593 cases of cardiac surgery were conducted in Hong Kong, of 
which 1 559 were surgeries with extracorporeal bypass. 85 578 congenital heart disease repair surgeries 
were performed in Mainland China and Hong Kong in 2013, accounting for 41% of all cardiac and aortic 
surgeries. In 2013, 57 184 valvular surgeries, 37 861 coronary artery bypass grafts, 9 032 aortic surgeries, 
250 heart transplants (including 1 heart–lung transplant), and 541 extracorporeal membrane oxygenation 
(ECMO) adjuvant treatments were performed.

(2)China is steadily developing a birth defect monitoring system. The perinatal incidence of congenital 
heart disease is increasing, with dramatically variation in  different regions. Investigations into the spectrum 
of congenital heart diseases in different regions unanimously reported that ventricular septal defects, atrial 
septal defects, and patent ductus arteriosuses account for 75–80% of all congenital heart diseases.

(3) In 2012, the cumulative number of interventional treatment of congenital heart disease in Mainland 
China was 28 296 cases, which is far ahead of developed countries. The total amount of interventional 
treatment of congenital heart disease reached 80 000 cases from 2009 to 2012 (excluding military hospitals) 
according to data from online registry reported by the Statistical Information Center of National Health 
and Family Planning Commission. The total procedure success rate was 97.69%, with 0.17% severe 
complications and 0.03% death.
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(4) From June 2007 to December 2010, patients underwent 1–stop hybrid coronary revascularization, 
isolated CABG or PCI at Fuwai Hospital were recruited for 3–year follow up. Using propensity score 
methodology, these patients were matched with 2 separate groups of 141 patients who underwent isolated 
CABG or PCI during the same period. They found that 1–stop hybrid coronary revascularization provides 
favorable midterm outcomes for selected patients with multivessel coronary artery disease.

3.7 Chronic Kidney Disease (CKD)

(1)A chronic kidney disease study among 47 204 adults in 13 different provinces and cities from 
September 2009 to September 2010 reported that the prevalence of CKD reached 10.8%, the adjusted 
prevalence of eGFR < 60 ml/min/1.73m² was 1.7% and of albumin–creatinine ratio > 30 mg/g was 9.4%. 
The number of patients with CKD in China is estimated to be 120 million.

(2)The PATRIOTIC study was a national, cross–sectional, multi–center survey that investigated the 
prevalence, awareness and treatment rates of hypertension in elderly patients with CKD in China. The 
prevalence, awareness and treatment rates of hypertension were 82.0%, 90.7%, and 87.3%, respectively. The 
control rate was 29.6% for the target of <140/90mmHg and 12.1% for the target of <130/80mmHg.

3.8 Peripheral Vascular Disease

Lower extremity atherosclerotic disease (LEAD) and carotid atherosclerotic disease (CAD) are commonly 
seen in middle–age and elderly people. The prevalence of these diseases among those with major risk factors 
is particularly high and increases with age. 30% of patients with cerebrovascular disease and 25% of patients 
with ischemic heart disease also had LEAD. The mortality rate among patients with LEAD was much higher 
than that of same–age patients without LEAD. The mortality rate was inversely correlated with the ankle 
brachial index (ABI).

The carotid atherosclerotic plaque incidence in adults between ages 43 to 81 years in Beijing was 60.3% 
(males 66.7%, females 56.2%). Carotid atherosclerotic plaques are mainly located in the carotid sinus.

4. Community–based Prevention and Control of CVD

(1) Overview: the first hypertension prevention and treatment center in China was established in 1969 
at the Capital Iron and Steel Company by Fuwai Hospital, and has been served as a model of a functional 
community–based prevention program. Following this model, the risk of stroke can be reduced by 50% 
through successful control of hypertension. Over the course of more than 40 years, China’s efforts at 
community–based prevention of cardiovascular disease have morphed from a local pilot project into a set of 
regionally comprehensive interventions, into what is now a fundamental component of the national public 
health service.

(2) The Kailuan Coal Mine model of community–based management of Hypertension
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The Kailuan (Group) Limited Liability Company initiated a comprehensive hypertension management 
system in 2009. The Health and Safety Committee leads the health protection system; the Human Resource 
Department is responsible for coordination; and labor unions are responsible for the daily management of 
the system at four levels. These four levels are: designated hospitals, health stations, underground emergency 
stations, and first–aiders. Specific measures of hypertension management include: conducting regular 
screenings every two years to identify and enroll newly diagnosed hypertensive patients into the management 
system; health education; lifestyle interventions; pharmacological interventions which distribute free 
Spironolactone, Hydrochlorothiazide, Captopril, and Nitrendipine; promotion of a long–term medication 
regimen supported by professional medical guidance; and the creation of health records for all employees in 
order to form a company–level database.

(3) Successes of the Kailuan hypertension management system: After 5 years, the rates of awareness, 
treatment, and control of hypertension reached 100%, 100%, and 52%, respectively. The average systolic 
blood pressure decreased by 12.29 mmHg, along with a 9.42 mmHg drop in the average diastolic blood 
pressure. The number of sudden death decreased from 37 cases in 2008 to 2 cases in 2013. The management 
system had successfully decreased the blood pressure levels, as well as the risk of cardiovascular and 
cerebrovascular diseases. 

5. Costs of CVD

(1) Trends in hospitalization and discharge of CVD
In 2013, 15.9962 million hospital discharges were related to cardiovascular and cerebrovascular diseases, 

accounting for 12.47% of all hospital discharges that year. Of the discharges related to cardiovascular or 
cerebrovascular diseases, 8.3381 million (6.50%) were due to cardiovascular diseases, and 7.6581 million 
(5.97%) were caused by cerebrovascular disease. 

Among the 5.7295 million discharged patients with ischemic CVD, 0.4936 million were diagnosed with 
acute myocardial infarction (35.82%), and 4.7196 million with cerebral infarction (29.50%). There were 
2.3574 million patients diagnosed with hypertension (0.2030 million had an HTN–related heart disease 
and/or kidney disease), 1.2680 million with intracranial bleeding, and 0.2511 million with rheumatic heart 
disease. 2.8142 million discharges were related to diabetes. From 1980 to 2013, hospital discharges for CVDs 
in China increased by 9.51% per year, which was faster than the rate of increase in all–cause discharges 
(6.23% annually). The annual discharge rates for cerebral infarction, ischemic heart disease, acute myocardial 
infarction, and intracranial hemorrhage all increased more rapidly than the discharge rate of other CVDs by 
12.29%, 11.66%, 10.35%, and 9.99%, respectively.

(2) Hospitalization costs of CVD
Both the total costs of hospitalization and the average expenses for per hospitalization of CVD have 

increased over the past few years. In 2013, total hospitalization costs were 11.47 billion RMB for acute 
myocardial infarction, 19.24 billion RMB for intracranial hemorrhage, and 39.81 billion RMB for cerebral 
infarction. After adjusting for price inflation, the annual increase for the above diseases since 2004 was 
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33.46%, 19.86%, and 25.37%, respectively.
The average expenses for per hospitalization of acute myocardial infarction, intracranial hemorrhage, and 

cerebral infarction was 23 236.1, 15 171.8, and 8 434.6 RMB, respectively, which has increased by 8.67%, 
6.50%, and 2.28% annually since 2004, respectively (adjusted for inflation).
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Chapter 1  

Prevalence and Mortality of Cardiovascular Diseases

1.1 Prevalence of Cardiovascular Diseases

The prevalence of cardiovascular diseases (CVD) in China has been consistently on the rise. There are an 
estimated 290 million people with CVD, or 1 in every 5 adults is afflicted by CVD.

Currently, at least 7 million individuals in China have had a stroke; 2.5 million have had a myocardial 
infarction; 4.5 million have heart failure; 2.5 million have had a rheumatic heart disease; and 2 million have 
had a congenital heart disease.

Four national surveys on hypertension conducted between the years of 1959 and 2002 have shown that 
the prevalence of hypertension has increased by about 3.1% per year. By applying a geometric progression to 
the survey data, the prevalence of hypertension in Chinese people over 15 years of age was approximated to 
be 24% in 2012, which represented 270 million people with hypertension in China.

1.2 Death of Cardiovascular Diseases
1.2.1 Mortality of cardiovascular diseases [1,2]

The overall CVD mortality rate in China has decreased since 2009. However, the mortality rate of 
myocardial infarctions increased significantly in rural populations in 2013. Nevertheless, CVD was still the 
leading cause of death in 2013, higher than deaths caused by cancer or any other disease (Figure 1–2–1 and 
1–2–2). Since 2009, the CVD mortality rate in rural areas has exceeded that of urban areas. In 2013, the 
mortality rate of CVD in rural areas and urban areas was 293.69/100 000 and 259.40/100 000, respectively 
(Figure 1–2–3). It is estimated that around 3.5 million Chinese die of CVD each year, which averages to 
9590 deaths every day, 400 every hour, or 1 death every 10 seconds. 

[1] Ministry of Health of People’s Republic of China. Chinese health statistical yearbook 2009–2012. Beijing: Peking Union 
Medical College Press, National Health and Family Planning Commission.
[2]  Chinese statistical yearbook 2014 Beijing: Peking Union Medical College Press.
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Figure 1–2–1 Mortality Rates of Major Diseases in Rural Chinese Populations (China: 1990–2013)

Figure 1–2–2 Mortality Rates of Major Diseases in Urban Chinese Populations (China: 1990–2013)

Figure 1–2–3 Mortality Rates of CVD in Urban and Rural Chinese Populations (China: 1990–2013) 
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1.2.2 Deaths Attributable to Cardiovascular Diseases among All Causes of Death [1]

CVD is the leading cause of death in both rural and urban populations in China. In 2013, CVD–related 
deaths accounted for 44.8% and 41.9% of all deaths in rural and urban areas, respectively (Figure 1–2–4 and 
1–2–5). 2 in 5 deaths are attributed to CVD.

Figure 1–2–4 Major Causes of Death in Rural Population (%) (China: 2013)

Figure 1–2–5 Major Causes of Death in Urban Population (%) (China: 2013)

1.2.3 Ischemic Heart Disease (IHD) Mortality Trends [2]

The trends in the age–standardized mortality rate for IHD in people over 35 years of age were calculated using 
data collected between 2004 and 2010 by the national disease surveillance point (DSP) system. 493 274 cases 
were included. A Logarithmic linear regression method was used to analysis the standardized mortality for 

[1] National Health and Family Planning Commission. Chinese statistical yearbook 2014 Beijing: Peking Union Medical College 
Press
[2] Liu MB, Wang W, Zhou MG. Analysis of Ischemic Heart Disease Mortality Trends and Characteristics in Chinese population 
over the age of 35 from 2004 to 2011. Chinese J of Epidemiology, 2014,48 (6): 502–506
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each year.
 Results showed that the national standardized IHD mortality rate for people over 35 years old increased 

significantly from 2004 to 2011. The rate increased most rapidly in rural areas. For both genders, the 
standardized IHD mortality rate was higher in rural areas than in urban areas in 2011, though it was lower 
than that of urban population in 2004. The standardized IHD mortality rate in central China was higher than 
either the rate in eastern or western China. The standardized IHD mortality rate was highest in men from 
central China, and lowest in women from western China (Table1–2–1, Figure 1–2–6, 1–2–7). The IHD 
mortality rate showed an annual increase of 5.00% in men and 3.65% in women. The annual increase rate 
was highest for men from rural areas (7.09%), followed by women from rural areas (5.06%). It was lowest in 
women from urban areas (1.69%).

Table 1–2–1 Standardized IHD Mortality Rates by Gender and Area(1/100 000) (China: 2004–2011)

Gender 2004 2005 2006 2007 2008 2009 2010 2011

Male 

Urban 176.2 188.7 173.5 187.2 199.9 183.5 202.2 204.6

Rural 164.4 168.6 153.7 186.0 230.1 232.1 239.1 236.8

Eastern 159.9 168.6 168.5 184.2 212.5 194.7 205.8 201.7

Central 214.8 226.7 212.0 239.0 264.8 261.1 271.2 274.9

Western 128.7 129.6 91.2 131.4 161.3 172.1 188.8 187.7

Overall 168.7 175.9 161.6 186.5 217.2 210.6 223.3 223.1

Female 

Urban 131.7 137.2 126.4 135.4 149.1 133.9 146.3 147.9

Rural 122.2 128.3 108.7 129.0 160.0 157.4 167.0 151.5

Eastern 116.3 125.1 116.2 128.8 149.7 135.1 146.1 129.0

Central 164.3 168.6 154.9 165.9 190.2 184.3 191.3 190.2

Western 92.4 96.6 64.4 92.4 115.3 120.0 133.3 128.2

Overall 125.6 131.5 115.6 131.5 155.4 147.5 158.2 148.7
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Men from Rural Areas
Women from Rural Areas

Figure 1–2–6 Standardized IHD Mortality Trends by Gender and Area (China, 2004–2011)
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Figure 1–2–7 Standardized IHD Mortality Trends for Both Genders  
Based on Geographic Location. (China, 2004–2011)

1.2.4 The Effect of CVD–related Deaths on the Per Capita Life Expectancy of 
Chinese Residents

The data from the sixth national population census in 2010 [1] showed that the per capita life expectancy 
for the 0–year age group was 74.8 years, 72.4 years in men and 77.4 years in women. Death from 
cerebrovascular diseases is one of the main reasons of affecting Chinese life expectancy. Life expectancy 
and cause–elimination life expectancy were calculated by standard life table techniques using the mortality 
data adjusted for underreporting and demographic differences from the national disease surveillance point 
system between 2005 and 2010 provided by Chinese Center for Disease Control and Prevention. Results 
showed that the all–cause mortality rate of Chinese residents in 2010 was 7 730 per million. After excluding 
cerebrovascular–related deaths, the calculated life expectancy was found to increase by 2.26 years in 2010, 
with an increase of 1.79 years and 2.41 years in urban and rural areas, respectively (Table 1–2–2). 97% of the 
increase was attributed to the removal of cerebrovascular disease deaths in people aged over 40 years. The 
national CVD mortality rate was lower in 2010 than in 2005, though the reduction was significantly greater 
in urban areas than in rural areas [2].

[1] National Health and Family Planning Commission. 2014 Chinese Health and Family Planning Statistics summary. Peking Union 
Medical College Press.
[2] Li GQ, Fan J, Liu J, et al. Effect on life expectancy in China cerebrovascular disease death. J of Internal Medicine, 2013,52 (3): 
188–191.
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Table 1–2–2 The Effect of Cerebrovascular–related Deaths on Life Expectancy (Years, China, 2010)

Age Group Total Male Female Urban Rural 

0–4 0.0051 0.0065 0.0030 0.0025 0.0057

5–14 0.0024 0.0032 0.0016 0.0018 0.0027

15–39 0.0588 0.0781 0.0339 0.0440 0.0636

40–64 0.6552 0.7443 0.5253 0.4494 0.7314

65–80 1.1031 1.0930 1.0669 0.8124 1.1964

80– 0.4334 0.3212 0.5624 0.4786 0.4055

Overall 2.2580 2.2462 2.1932 1.7887 2.4052
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Chapter 2  

Risk Factors of Cardiovascular Diseases

2.1 Hypertension

• Epidemic Status of Hypertension
Hypertension is one of the most common chronic, non–infectious diseases; it is also the most important 

risk factor for cardiovascular diseases. Starting from the cut–off point of 115/75 mmHg, the relative risk 
of cardiovascular diseases increases as the blood pressure increases. Results from the Global Burden of 
Diseases 2010 (GBD 2010) showed that the disability–adjusted life year (DALY) due to hypertension was 
as high as 37.94 million person–year for all Chinese people, with years lived with disability calculated to be 
2.365 million person–year, and years with life lost calculated as 35.57 million person–year [1]. Additionally, 
the DALY due to hypertension accounts for 12% of the total DALY in China. Every year, 2 million premature 
deaths result from elevated blood pressure, and the medical costs of hypertension therapy are as high as 36.6 
billion RMB per year. Therefore, an up–to–date, accurate, and comprehensive report on the epidemiology of 
hypertension would be of great value [2] .

2.1.1 Primary Hypertension
2.1.1.1 Prevalence of Hypertension

• Hypertension prevalence from four national surveys
Four national, large–scale surveys focused on the prevalence of hypertension have been conducted 

since the founding of People’s Republic of China (1958–1959, 1979–1980, 1991, and 2002, respectively). 
Although these surveys differed in both diagnostic criteria and methods, they all showed that the prevalence 
of hypertension has increased sharply in China over the past years (Figure 2–1–1).

[1] Liu MB, Li YC, Liu SW, et al. Burden on blood–pressure–related diseases among the Chinese population, in 2010. Chinese J of 
Epidemiology. 2014, 35(6):65–68.
[2] Wang ZW, Huang YH. Prevalence, awareness rate, and control rate of hypertension in China. Chinese J of Health Management. 
2013, 7(2): 139–140.
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Figure 2–1–1 Prevalence of Hypertension in Chinese Residents Over 15 years Old in Four National Surveys

Diagnostic criteria of hypertension differed between the four national surveys. 1959, diastolic blood pressure (DBP) >90 mmHg, and/or systolic 
blood pressure (SBP) >140 mmHg for people under the age of 39, every 10 years increase in age was linked to 10 mmHg increase for the criteria of 
high SBP; 1979–1980: SBP≥141mm Hg and/or DBP≥91mm Hg, without consideration of being treated within 2 weeks; 1991: SBP≥140mm Hg 
and/or DBP ≥90mm Hg, or taking anti–hypertensive medications within 2 weeks; 2002: the same criteria were used as those employed in 1991.

 Estimated national prevalence of hypertension in the investigated year.
 Age–standardized prevalence. All four surveys used the same criteria that referred in 1979–1980; The total population in 1964 was used 

as a standardized population; and all the participants were over 15 years old, blood pressure were measured in mmHg.

 
• Hypertension prevalence based on the Survey on the Status of Nutrition and Health of the Chinese 

People in 2002
According to the Survey on the Status of Nutrition and Health of the Chinese People in 2002 [1], 18.8% of 

adults aged ≥ 18 years old in China have hypertension. The prevalence of hypertension was found to increase 
markedly with age (Figure 2–1–2). Before the age of 45, hypertension is more common in males than in 
females, but this relationship reverses after the age of 50.
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Figure 2–1–2 Prevalence of Hypertension by Age and Gender (China: 2002) 

Note: Diagnostic criteria for hypertension: SBP ≥140 mm Hg and/or DBP ≥90 mm Hg, or participant has taken anti–hypertensive medications 
within two weeks.

[1] Survey Report on the Status of Nutrition and Health of the Chinese People: Series Four, Hypertension in 2002. Beijing: People’s 
Medical Publishing House, 23–36.
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• Hypertension prevalence from surveys carried out in 13 provinces/cities in China [1]

During 2009 and 2010, a survey was conducted to investigate the prevalence of hypertension among  
50 171 residents aged 18 or older from 13 provinces/cities in China (Beijing, Sichuan, Inner Mongolia, 
Jiangsu, Xinjiang, Ningxia, Zhejiang, Guangxi, Guangdong, Shanghai, Hubei, Hunan, and Shandong). The 
results showed that standard prevalence of hypertension was 29.6% (male: 31.0%, female: 27.7%). The 
prevalence of hypertension in these provinces by age and gender are shown in Figure 2–1–3.

Male

Pr
ev
al
en
ce
（
%
）

Female

Figure 2–1–3 Prevalence of Hypertension by Age and Gender in 13 Provinces/cities in 2009

• Variation between urban and rural areas in hypertension prevalence
Survey data from different time periods demonstrated that there exist distinct variations in the prevalence 

of hypertension between rural and urban areas. In 2002, the standardized prevalence rates of hypertension in 
urban and rural areas were 19.3% and 18.6%, respectively [2] . However, the gap between the prevalence rates 
in rural and urban areas has narrowed over time (Figure 2–1–4). 

Urban

Rural

Figure 2–1–4 Trends in Prevalence of Hypertension in Rural and Urban Areas

Note: Diagnostic criteria of hypertension in 1979: SBP >140 mm Hg and/or DBP >90 mm Hg；in 1991 and 2002: SBP ≥140 mm Hg and/or 
DBP ≥90 mm Hg, or taking anti–hypertensive medication within two weeks.

[1] Wang J, Zhang L, Wang F, et al. Prevalence, Awareness, Treatment, and Control of Hypertension in China: Results From a 
National Survey. Am J Hypertens, 2014,27(11):1355–1361.
[2] Survey Report on the Status of Nutrition and Health of the Chinese People: Series Four, Hypertension in 2002. Beijing: People’s 
Medical Publishing House, 23–36.
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Data on the national prevalence of hypertension from 2009 to 2010 demonstrated that hypertension is 
more prevalent in northern China than in the south, and that prevalence rates also vary between rural and 
urban areas for people aged 18–44 and 45–59 years old, as shown in Table 2–1–1.

Table 2–1–1 Hypertension Prevalence in China, Grouped by the 
Northern/Southern and Urban/rural Areas

18–44 45–59 ≥60 Total

North/South
Southern China 14.0 34.9 57.5 28.5

Northern China 20.9 47.9 60.1 31.0

Urban/rural
Urban 14.0 36.7 61.8 32.0

Rural 18.3 41.4 56.4 29.0

Note: Urban and rural areas are divided according to data from the National Bureau of Statistics of the People’s Republic of China

• Ethnic variations in hypertension prevalence
Analysis of the data on the 152 683 residents older than 15 years from different ethnic groups in the 

Survey on the Status of Nutrition and Health of the Chinese People in 2002 [1] showed that the highest rates 
of hypertension were found among Tibetans (24.7%), while the lowest rates appeared among the Hmong 
(7.7%). When compared with the 1991 survey data, the prevalence of hypertension was seen to increase for 
all the ethnic groups except the Mongolians and the Hmong, with the Manchu showing the sharpest increase 
(Table 2–1–2).

Table 2–1–2 Comparison of the Standardized Prevalence Rates of Hypertension  
by Ethnic Groups Between 1991 and 2002 (%)

Ethnicity
Male Female Total

1991 2002 1991 2002 1991 2002

Han 11.6 17.7 10.3 15.3 11.3 16.2

Mongolian 21.1 18.8 15.6 17.2 18.2 17.6

Muslim Chinese 10.4 16.2 9.3 16.2 9.8 16.0

Tibetan 19.5 25.6 16.4 24.0 17.8 24.7

Hmong 8.3 9.2 7.0 6.1 7.7 7.7

Zhuang 9.4 16.1 7.5 8.3 8.8 11.8

Bouyei 11.6 13.9 7.8 10.7 9.5 12.4

Manchu 13.4 23.1 11.1 18.7 12.3 20.5

[1] Hu YS, Yao CH, Wang WZ, et al. Survey on the prevalence of hypertension in different ethnic groups in China in 2002. J of 
Hygiene Research, 2006, 35(5), 573–575.
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• Summary of surveys on hypertension prevalence in different provinces/cities
In recent years, regional surveys on the prevalence of hypertension have been carried out in many areas; 

the results showed that prevalence rates of hypertension vary by region. (Table 2–1–3).

Table 2–1–3 Prevalence of Hypertension by Geographic Region
Survey Period 

(Year) Region Age (yrs) Sample Size Prevalence（%） Standardized 
Prevalence（%）

2008–2010 Wuqing district, 
Tianjin[1] ≥18 5 662 32.07 26.68

2010 Zhejiang province [2]
≥18 17 437 29.98 22.59

2010 Nantong, Jiangsu[3]
≥18 1 463 34.15 21.61

2010 Foshan, Guangdong [4]
≥18 56 930 18.4 18.3

2011 Nanjing[5]
≥18 1 983 33.6 —

2012 Chengguan district, 
Lanzhou[6] ≥18 5 300 21.25 16.98

2012 Henan province [7] 35–74 9 983 39.7 40.1

2.1.1.2 Incidence of Hypertension

• Hypertension Incidence Rates from the Survey on the Status of Nutrition and Health of the Chinese 
People in 2002

The Survey on the Status of Nutrition and Health of the Chinese People (1991–2009) divided non–
hypertensive persons over 18 years old into five cohorts: the 1991–1997 cohort (n=4 107), the 1993–2000 
cohort (n=4 068), the 1997–2004 cohort (n=4 141), the 2000–2006 cohort (n=4 695), and the 2004–2009 
cohort (4 523). The incidence of hypertension significantly increased from 2.9/100 person–years in 1991–
1997 to 5.3/100 person–years in 2004–2009. Figure 2–1–5 shows the incidence of hypertension in five 
cohorts by age.

[1] Li P, Ding ZL, Wang SL, et al. Hypertension prevalence and associated factors among residents over 18 years old in Wuqing 
district, Tianjin. Chinese J of Prevention and Control of Chronic Diseases. 2013, 21(6): 708–710.
[2] Wang H, Zhang X, Zhang J, et al. Factors associated with prevalence, awareness, treatment and control of hypertension among 
adults in southern china: a community–based, cross–sectional survey. PloS One, 2013, 8(5): e62469.
[3] Mao YD, Li YC, Xiao J, et al. Survey on risk factors and the prevalence of hypertension in Nantong. Modern Preventive 
Medicine. 2013, 40(15): 2832–2834.
[4] Zhou Q, Wang PX, Wu BY, et al. Prevalence and associated risk factors of hypertension in Nanhai community population of 
Foshan. Chinese J of Cardiovascular Medicine. 2014, 19(1): 37–41.
[5] Zhu BC, Guo BF, Wang YL, et al. Influence of physical activity on prevalence of obesity and hypertension among residents in 
Nanjing City. Occupation and Health. 2014, 30(7): 945–947.
[6] Wei ZQ, Zhang R, Zhang SB, et al. The Analysis on Prevalence and Awareness Rate of Hypertension and Diabetes in Chengguan 
Dixstrict of Lanzhou. Chinese Primary Health Care. 2013, 27(10): 74–76.
[7] Han B, Liang S, Feng HF, et al. Prevalence and risk factors of hypertension among residents aged 35–74 years in Henan province. 
Chinese J of Public Health. 2014,30(2):193–196.
[8] Liang Y, Liu R, Du S, et al. Trends in incidence of hypertension in Chinese adults, 1991–2009: The China Health and Nutrition 
Survey. Int J Cardiol, 2014,175(1):96–101.
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  Figure 2–1–5 Incidence of Hypertension in Five Cohorts by Age 

• Hypertension incidence from other studies
A population–based sample of 4 753 Mongolian subjects and 20 247 Han subjects aged ≥ 35 years 

and free from hypertension at baseline were followed from 2004–2006 to 2010 in Liaoning province [1], 
with an average follow–up period of 4.3 years. The result revealed that the age–adjusted incidence rate of 
hypertension was higher for the Mongolians (12.64/100 person–years) than for the Han (9.77/100 person–
years). Another population–based study [2] enrolled 10 525 Chinese adults aged 40 years or above who were 
free from hypertension at baseline. The study found that 28.9% of males and 26.9% of females developed 
hypertension over the mean of 8.2 years of follow–up (Figure 2–1–6). 
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 Figure 2–1–6 8–year Cumulative Hypertension Incidence by Gender and Baseline Age 

Another study observed a total of 24 052 Chinese adults aged > 35 years of age who were free from 
hypertension at baseline [3]. The study found that during a median follow–up of 28 months, 26.5% of the 
participants developed hypertension. Those with higher blood pressure at baseline or older age were more 
likely to develop hypertension (Figure 2–1–7). 

[1] Sun Z, Zheng L, Zhang X, et al. Ethnic Differences in the Incidence of Hypertension among Rural Chinese Adults: Results from 
Liaoning Province. PloS one, 2014, 9(1): e86867.
[2] Gu D, Wildman RP, Wu X, et al. Incidence and predictors of hypertension over 8 years among Chinese men and women. J 
Hypertens, 2007, 25(3): 517–523.
[3] Zheng L, Sun Z, Zhang X, et al. Risk of progression to hypertension across baseline blood pressure in nonhypertensive 
participants among rural Chinese adults: a prospective study. J of Hypertension 2010, 28(6): 1158–1165.
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Figure 2–1–7 Incidence of Hypertension by Age and Blood Pressure at Baseline

Note: Ideal blood pressure: SBP <120 mm Hg and DBP <80 mm Hg; Normal blood pressure: SBP within 120–129mm Hg and DBP within 
80–84mm Hg; high–normal BP: blood pressure <140/90 mm Hg, SBP within 130–139mm Hg and/or DBP within 85–89mm Hg.

2.1.1.3 Detection Rate of High–normal Blood Pressure

• Detection rate of high–normal blood pressure from the Survey on the Status of Nutrition and Health of 
the Chinese People in 2002

The Survey on the Status of Nutrition and Health of the Chinese People in 2002 stratified the data of 147 
472 adults over 18 years old by blood pressure according to the definition of hypertension based on the 2005 
Chinese Guideline of Hypertension Prevention. The survey demonstrated that 34% of the population had 
high–normal blood pressure, with a higher proportion of high–normal blood pressures occurring in men than 
in women (Figure 2–1–8).

Male Female Total

Figure 2–1–8 Breakdown of Different Blood Pressure Groups among Adults (China: 2002)

• Detection rate of high–normal blood pressure from CHNS 
Data from the CHNS [1] showed that the detection rate of high–normal blood pressure increased in nine 

provinces from 1991 to 2009. Males showed a substantially higher rate than females, and the rate peaked 

[1] Xi B, Liang Y, Reilly KH, et al. Trends in prevalence, awareness, treatment, and control of hypertension among Chinese adults 
1991–2009. International J of Cardiology, 2012,158(2): 326–329.
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between the ages of 40 and 59 (Table 2–1–4).

Table 2–1–4 Changes in the Detection Rate of High–normal Blood Pressure  
among Adults (China: 1991–2009)

Age(yrs) 1991 1993 1997 2000 2004 2006 2009
N % N % N % N % N % N % N %

18–39 4 517 26.8 3 953 31.2 3 788 36.2 3 869 37.3 2 841 41.7 2 551 41.4 2 202 37.8

40–59 2 657 33.6 2 712 37.4 3 192 39.0 3 796 41.5 3 962 42.6 4 175 43.7 3 868 42.8

≥60 1 252 30.3 1 240 32.4 1 529 33.0 1 804 34.1 2 044 32.0 2 254 33.8 2 433 33.5

• Summary of surveys on the detection rate of high–normal blood pressure in different provinces/cities
As we began to gain a better understanding of high–normal blood pressure in the past few years, many 

regional surveys were conducted to investigate its detections rate. From these surveys, substantial differences 
in the detection rates of high–normal blood pressure were found across different regions (Table 2–1–5).

Table 2–1–5 Detection Rate of High–normal Blood Pressure by Region

Region Age No.of Participants Detection Rate (%) Detection Rate by 
Gender Male/Female (%)

Rural area in the 
northeast China[1] ≥35 11 576 33.7 35.1/32.5

33 urban communities in 
northeast China[2] 18–74 25 196 40.5 47.7/33.6

Zhengjian province[3] 
≥18 17 437  34.39 38.57/30.70

Shandong province[4] 18–69 15 350 37.1 —

Yunnan province[5] 
≥35 11 700 49.8 54.2/44.6

Chengdu[6] 18–80  7 288  23.25 31.4/17.9

Shuiguo district, Wuhan[7] 35–74  1 448 42.7 63.6/36.4

[1] Li Z, Guo X, Zheng L, et al. Prehypertension in Rural Northeastern China: Results From the Northeast China Rural 
Cardiovascular Health Study. J Clin Hypertens, 2014,16(9):664–670.
[2] Meng X J, Dong G H, Wang D, et al. Epidemiology of prehypertension and associated risk factors in urban adults from 33 
communities in China––the CHPSNE study. Circ J, 2012, 76(4): 900–906.
[3] Fei FR, Ye Z, Cong LM, et al. Prevalence and risk factors of pre–hypertension among adults of Zhejiang province. Chinese J of 
Epidemiology. 2013, 34(4): 311–315.
[4] Chu J, Wang LH, Xu AQ, et al. Analysis on prevalence states and associated factors of hypertension and prehypertension among 
adults in Shandong province. Chinese J of Prevention Medicine. 2014, 48(1): 12–17.
[5] Le C, Jun D, Yichun L, et al. Multilevel analysis of the determinants of pre–hypertension and hypertension in rural southwest 
China. Public Health Rep, 2011, 126(3): 420–427.
[6] Ye XP, Wu YL, Zhang TJ, et al. A survey for prevalence and characteristics of prehypertension in population of Chengdu –an 
analysis of 7288 cases. Sichuan Medical J. 2013,34(6):910.
[7] Sit J W H, Sijian L, Wong E M Y, et al. Prevalence and risk factors associated with prehypertension: identification of foci for 
primary prevention of hypertension. J Cardiovasc Nurs, 2010, 25(6): 461–469.
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• Exploration of the relationship between high–normal blood pressure and cardiovascular diseases.
It has been proven that high–normal blood pressure is associated with a variety of cardiovascular 

risk factors, such as obesity, diabetes mellitus, and dyslipidemia [1]. It was reported that compared with 
normotensives, the risk in subjects with high–normal blood pressure increased by 56% for stroke, 44% for 
coronary artery disease and 52% for overall cardiovascular diseases. The attributable risk (AR) of high–
normal BP was 12.4%, 15.2%, and 14.4% for coronary events, stroke, and overall cardiovascular diseases, 
respectively [2] .

2.1.1.4 Isolated Systolic Hypertension

• Lsolated systolic hypertension prevalence in 2002 China Health and Nutrition Survey 
According to data from a survey carried out in 2002 [3], the standardized prevalence of isolated systolic 

hypertension (ISH) for adults was 6.0%, 5.4% for males and 6.9% for females. By estimation, 50 million 
adults had ISH. Overall, the prevalence of ISH was found to increase with age, especially after the age of 40. 
A higher percentage of men than women had ISH until the age of 40, the trend reversed after 40 years old 
(Figure 2–1–9). 

Figure 2–1–9 Standardized Prevalence of ISH by Age and Gender

Note: Prevalence among all age groups was adjusted for the population composition of different regions.

• Variations of ISH prevalence across region, gender, and ethnic groups [4]

The prevalence of ISH is higher in the north than in the south. Unlike hypertension, however, the 
prevalence of ISH is higher for women than for men in both the south and the north areas. It is higher in rural 
residents than in urban residents (Table 2–1–6).

[1] Zhang W, Li N. Prevalence, risk factors, and management of prehypertension. Int J Hypertens, 2011, 2011:605359.
[2] Wang W, Zhao D, Sun JY, et al. The Impact of High–normal Blood Pressure on Risk of Cardiovascular Diseases in Chinese 
Multi–provinces Cohort Study.Chinese J of Hypertension, 2008, 15(12): 984–987.
[3] Survey Report on the Status of Nutrition and Health of the Chinese People: Series Four, Hypertension in 2002. Beijing: People’s 
Medical Publishing House: 37–48.
[4] Survey Report on the Status of Nutrition and Health of the Chinese People: Series Four, Hypertension in 2002. Beijing: People’s 
Medical Publishing House, 37–48.
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Table 2–1–6 The Standardized Prevalence (%) of ISH among Adults by Region (2002)

Gender Total
Total Rural Large–

size 
City

Small– 
and 

Middle–
size City

First 
Class 
Area

Second 
Class 
Area

Third 
Class 
Area

Fourth
Class 
AreaSouth North Total South North Total

Male 5.4 4.5 5.4 4.9 5.1 5.9 5.6 5.4 4.8 6.5 5.8 5.2 3.9

Female 6.9 6.6 6.8 6.7 6.5 7.5 6.9 7.0 6.5 8.2 6.9 7.5 5.0

Total 6.1 5.6 6.0 5.8 5.7 6.7 6.2 6.2 5.6 7.3 6.2 6.3 4.4

Using cluster random sampling, researchers from the Xinjiang province explored ISH prevalence between 
January 2010 and December 2012 among 3 416 adults (over 60 years old) who were from different ethinic 
groups [1]. The findings of this study regarding ISH prevalence in the elderly by gender and ethnic group are 
shown in Table 2–1–7. Elevated SBP increased the risk of both stroke and coronary artery disease. This risk 
was especially pronounced for those aged 65 years or older. 

Table 2–1–7 ISH Prevalence among the Elderly by Different Ethnic Groups (%)
Han（n=1435） Urghur（n=1040） Kazak（n=482）

Male 165（23.11） 137（24.16） 54（19.71）

Female 232（32.18） 123（26.00） 43（20.67）

Total 397（27.67） 260（25.00） 97（20.13）

2.1.1.5 Blood Pressure Levels in Chinese Population 

• Blood pressure data from the Survey on the Status of Nutrition and Health of the Chinese People in 
2002

According to the Survey on the Status of Nutrition and Health of the Chinese People in 2002 [2], the 
average blood pressure level in Chinese increases with age. Before the age of 45, men have higher SBP than 
women. After 45, however, the SBP is higher in women. Despite the level of DBP was lower for at all age 
groups, the differences of DBP between men and women become smaller after the age of 45 (Table 2–1–8). 

Table 2–1–8 Average Blood Pressure in Populations Aged 15–74

Age (years)
SBP （mmHg）   DBP （mmHg）

Male Female Male Female 

15–24 112.4 107.6 71.9 69.8

25–34 115.7 109.4 75.6 71.5

[1] Yi Liminuer A, Miheireguli A. Prevalence and risk factors of isolated systolic hypertension in elderly people of different 
nationalities in Urumchi of Xinjiang. Chinese J of Evidence–Based Cardiovascular Medicine, 2013,5(5): 500–502.
[2] Survey Report on the Status of Nutrition and Health of the Chinese People: Series Four, Hypertension in 2002. Beijing: People’s 
Medical Publishing House, 49–90.
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Age (Years)
SBP （mmHg）   DBP （mmHg）

Male Female Male Female 

35–44 118.4 114.8 78.1 74.9

45–54 122.9 123.1 80.0 78.3

55–64 129.3 130.4 80.7 79.1

65–74 135.2 136.8 79.8 78.7

• Variations in blood pressure levels across different ethnic groups
The BP data of different ethnic groups was collected in the Survey on the Status of Nutrition and Health 

of the Chinese People in 2002 [1]. This survey revealed that among the 152 683 analyzable participants above 
the age of 15, the Manchus had the highest average SBP (126.2 mmHg in men and 125.7 mmHg in women), 
while the Tibetans had the highest average DBP (85.7 mmHg in men and 81.6 mmHg in women). Please see 
Table 2–1–9 for more detailed information. 

Table 2–1–9 Average Blood Pressure of Populations Aged over 15 Years by Ethnic Group

Ethnic Group
SBP （mmHg）   DBP（mmHg）

Male Female Male Female 

Han 123.3 120.3 78.6 75.9

Mongolian 123.3 123.3 78.2 77.1

Muslim 120.4 118.3 78.2 75.3

Tibetan 124.8 117.0 85.7 81.6

Miao 116.2 111.0 73.0 69.7

Zhuang 123.8 116.7 77.4 72.7

Bouyei 119.7 117.3 77.1 73.5

Manchu 126.2 125.7 79.4 77.7

Tujia 122.6 121.0 74.4 73.1

Others 118.2 114.3 76.9 74.6

Total 123.1 120.0 78.5 75.7

According to the blood pressure data collected from 1 370 local subjects aged 18 years or above in Tibet 
from April to June, 2010, the average SBP was 136.96 ± 30.24 mmHg (141.80 ± 32.09 mmHg for men 
and 133.76±28.52 mmHg for women) and the average DBP was 89.34 ± 24.48 mm Hg (92.38±27.20 mm 
Hg for men and 87.33±22.29 mm Hg for women) [2].The average blood pressures in Tibet by age group are 

[1] Hu YS, Yao CH, Wang WZ, et al. Survey on the prevalence of hypertension in different ethnic groups in China in 2002. Journal 
of Hygiene Research, 2006, 35(5), 573–575.
[2] Zheng X, Yao DK, Zhou–Ma CR,et al. Prevalence, self–awareness, treatment, and control of hypertension in Lhasa, Tibet. Clin 
Exp Hypertens, 2012;34(5)：328–333.

Table 2–1–8 Average Blood Pressure in Populations Aged 15–74
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shown in Figure 2–1–10 .
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Figure 2–1–10 Average Blood Pressure Values by Age in Tibet

• Blood pressure data from chronic disease surveillance
According to the data [1] collected in 2010 from 162 chronic disease surveillance sites that covered 98 548 

residents aged 18 years or above, the average SBP was 130.8±21.3 mmHg, (132.5±19.4 mmHg for men 
and 129.1±22.9 mmHg for women)and the average DBP was 80.4±11.7 mm Hg (81.2±11.7 mm Hg for 
men and 79.5±11.7 mm Hg for women). The average SBP was 130.3±20.7 mm Hg for urban residents and 
131.0±21.5 mm Hg for rural residents, while the average DBP was 80.6±11.6 mm Hg and 80.3±11.8 mm 
Hg for urban and rural residents, respectively. The average blood pressures of different age groups are shown 
in Figure 2–1–11. 
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Figure 2–1–11  Average Blood Pressure Ievels by Age (China: 2010)

2.1.1.6 Awareness, Treatment, and Control Rates of Hypertension

• Results from the Survey on the Status of Nutrition and Health of the Chinese People in 2002
The Survey on the Status of Nutrition and Health of the Chinese People in 2002 [2] revealed that the 

awareness rate, treatment rate, control rate, and treatment control rate of hypertension were 30.2%, 24.7%, 
6.1%, and 25% respectively. The awareness, treatment, and control rates all increased with age, and the rates 
were found to be higher in urban than in rural areas (Table 2–1–10). 

[1] Li YC, Wang LM, Jiang Y, et al. Prevalence of Chinese adults in 2010. Chinese J of Preventive Medicine, 2012; 46(5): 409–413.
[2] Survey Report on the Status of Nutrition and Health of the Chinese People: Series Four, Hypertension in 2002. Beijing: People’s 
Medical Publishing House, 150–171.
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Table 2–1–10 Awareness, Treatment and Control Rates of Hypertension (%) in the Chinese Population.

Age Urban Rural Total 

Awareness rate

18– 17.8 11.6 13.6

45– 40.8 25.1 31.0

60– 48.5 26.8 37.6

Total 41.1 22.5 30.2

Treatment rate

18– 11.8 7.9 9.1

45– 34.1 19.4 25.0

60– 43.1 21.3 32.2

Total 35.1 17.4 24.7

Control rate

18– 4.2 2.1 2.7

45– 10.0 3.8 6.2

60– 11.3 3.9 7.6

Total 9.7 3.5 6.1

Treatment control rate

18– 36.3 26.8 30.7

45– 29.7 20.2 25.2

60– 26.6 19.1 24.1

Total 28.2 20.4 25.0

• Results from surveys in 13 provinces/cities in China
According to a survey in 13 provinces/cities from September 2009 to September 2010 among 50 171 

participants aged 18 or above [1] , the awareness rate, treatment rate, control rate, and treatment control rate of 
hypertension were 42.6%, 34.1%, 9.3% and 27.4%, respectively (Figure 2–1–12).

Men

Women

 

 Figure 2–1–12 The Awareness, Treatment, Control, and Treatment Control Rates  
of Hypertension by Gender in 13 Provinces

[1] Wang J, Zhang L, Wang F, et al. Prevalence, Awareness, Treatment, and Control of Hypertension in China: Results From a 
National Survey. Am J Hypertens, 2014, 27（11）1355–1361.
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• Results from CHNS study
Previous analysis [1] on populations aged 18 or above in 9 provinces from 1991 to 2009 demonstrated that 

the awareness, treatment, and control rates of hypertension presented an upward trend, but also noted that 
these rates were still relatively low, and that the treatment control rate varied significantly over the years 
(Figure 2–1–13). 

Figure 2–1–13 The Awareness, Treatment, Control, and Treatment Control Rates  
of Hypertension in 9 Provinces (China: 1991–2009)

• Results of surveys from various provinces/cities
According to survey data from various regions, substantial differences exist in the awareness rates, 

treatment rates and control rates between these regions (Table 2–1–11).

Table 2–1–11 Awareness, Treatment and Control Rates of Hypertension by Region

Year Region Sample Age(yr) Awareness 
(%) Treatment (%) Control (%) Treatment Control 

(%)

2008 Beijing[2] 5 760 18–79 42.5 35.9 11.8 —

2009 Guangzhou[3] 23 939 ≥15 54.4 49.3 23.3 43.6

2010 Lhasa[4] 1 370 ≥18 63.5 24.3 31.8 —

[1] Xi B, Liang Y, Reilly KH, et al. Trends in prevalence, awareness, treatment, and control of hypertension among Chinese adults 
1991–2009. International Journal of Cardiology, 2012,158(2): 326–329.
[2] Cai L, Liu A, Zhang L, Et Al. Prevalence, awareness, treatment, and control of hypertension among adults in Beijing, china. 
Clinical and experimental hypertension, 2012; 34(1): 45–52.
[3] Wu X, Pan B, Chen X, et al. Useful information for hypertension management reform in community health care: prevalence, 
awareness, treatment and control among Guangzhou adults. Clin Exp Hypertens, 2014;36(4): 227–235.
[4] Zhao Y, Yan H, Marshall RJ, et al. Trends in population blood pressure and prevalence, awareness, treatment, and control of 
hypertension among middle–aged and older adults in a rural area of Northwest China from 1982 to 2010. PloS One, 2013, 8(4): 
e61779.
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Year Region Sample Age(yr) Awareness 
(%) Treatment (%) Control (%) Treatment Control 

(%)
2010 Zhejiang province[1] 17 437 ≥18 54.33 46.34 18.26 —

2010 Hanzhong[2] 2 476 35–64 31.6 17.4 3.5 17.5

2011 Shandong[3] 15 350 18–69 34.5 27.5 14.9 —

2012 Macao[4] 1 410 18–93 69.0 59.0 30.0 —

2.1.1.7 Factors Affecting Hypertension Prevalence

Data from the 2010 Chinese guidelines for the management of hypertension [5] showed that risk factors 
associated with hypertension in the Chinese population included high sodium and low potassium diet, obesity 
and overweight, high levels of alcohol consumption, mental stress, old age, family history of hypertension, 
lack of physical activity, etc.

Age is an immutable risk factor of hypertension, as the risk of developing hypertension increases 
exponentially with age for both men and women. For instance, the risk of developing hypertension for 
men aged 65–74 years is 22 times higher than that for men aged 15–24. For women, the risk of developing 
hypertension for those aged 65–74 years is 57 times higher than that for women in the 15–24 year age group. 
Before the age of 45, the risk of developing hypertension was higher for men than for women, but this trend 
reversed after the age of 45, as shown in Table 2–1–12.

Table 2–1–12 Relative Risk of Hypertension by Age 

Age(years)
Male Female 

Prevalence（%） OR（95%CI） Prevalence（%） OR（95%CI）

15–24  4.76 1.00 2.13 1.00

25–34  9.45 2.09（1.85–2.36） 3.82 1.82（1.56–2.13）

35–44 17.27 4.18（3.72–4.68） 11.88 6.19（5.37–7.14）

45–54 27.24 7.49（6.69–8.39） 28.42 18.25（15.89–20.95）

55–64 40.79 13.78（12.30–15.43） 43.66 35.61（30.97–40.95）

65–74 52.46 22.07（19.64–24.79） 55.70 57.77（50.09–66.63）

[1] Wang H, Zhang X, Zhang J, et al. Factors associated with prevalence, awareness, treatment and control of hypertension among 
adults in southern china: a community–based, cross–sectional survey. PloS One, 2013, 8(5): e62469.
[2] Zheng X, Yao DK, Zhuo–Ma CR, et al. Prevalence, Self–Awareness, Treatment, and Control of Hypertension in Lhasa, Tibet. 
Clin Exp Hypertens, 2012;34(5):328–333.
[3] Wang HC, Lu ZL, Guo XL, et al. The status of awareness, treatment and control of hypertension in adult population in Shandong 
province in 2011. Chinese J of Epidemiology. 2013, 34(11): 1055–1058.
[4] Ke L, Ho J, Feng J, et al. Prevalence, Awareness, Treatment and Control of Hypertension in Macau: Results From a Cross–

Sectional Epidemiological Study in Macau, China. Am J Hypertens, 2014: hpu121.201.
[5] Revision committee of Chinese guideline for the management of hypertension. 2010 Chinese guideline for the management of 
hypertension. Chinese journal of cardiology, 2011, 39(7): 579–616.

Table 2–1–11 Awareness, Treatment and Control Rates of Hypertension by Region     (Continued) 
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A previous study [1] showed that the risk of developing hypertension for those with a family history of 
hypertension was twice as high as for those without the family history. The study also found that obese 
and overweight people were more likely to develop hypertension compared to those with a normal weight. 
Increased alcohol intake, higher triglyceride and total cholesterol levels, and lower HDL–C levels were also 
associated with a higher risk of hypertension (Table 2–1–13). 

Table 2–1–13 Risk of Developing Hypertension by Different Risk Factors

Risk Factors Level    Prevalence (%) OR (95% CI)

Family History of Hypertension
No 18.22 1.00

Yes 30.38 1.96（1.90–2.20）

Alcohol Intake (g/d)

<4.80 24.04 1.00

4.80– 23.65 0.98（0.86–1.12）

10.51– 26.25 1.13（0.99–1.28）

19.94– 30.20 1.37（1.20–1.55）

≥40.03 35.22 1.72（1.52–1.94）

Obesity and Overweight

Thin 13.7 0.8（0.8–0.9）

Normal 16.5 1.00

Overweight 33.3 2.5（2.5–2.6）

Obesity 51.2 5.3（5.1–5.5）

Triglyceride
Normal 20.69 1.00

High 37.20 2.27（2.15–2.40）

Triglyceride
Normal 21.29 1.00

High 43.26 2.82（2.56–3.11）

High Density Lipoprotein 
Cholesterol

Normal 22.68 1.00

Low 25.47 1.17（1.08–1.26）

Unhealthy lifestyles (e.g. excessive drinking, long–term use of non–steroid anti–inflammatory drug, lack 
of physical activities) were all associated with the risks of developing hypertension [2] . Individuals with 
central obesity, even if they had a normal BMI, were at higher risk of developing hypertension. (Table 2–1–
14). 

[1] Survey Report on the Status of Nutrition and Health of the Chinese People: Series Four, Hypertension in 2002. Beijing: People’s 
Medical Pbulishing House, 150–171.
[2] Wang J, Zhang L, Wang F, et al. Prevalence, Awareness, Treatment, and Control of Hypertension in China: Results From a 
National Survey. Am J Hypertens, 2014，27(11)1355–1361.
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Table 2–1–14 Risks of Developing Hypertension by BMI and WC
Risk Factors Stratifications OR(95%CI)

BMI（kg/m²
）and WC

BMI<24.0,normal WC 1.00

24.0≤BMI<28.0,normal WC 1.83（1.60–2.09)
BMI≥28.0,normal WC 3.29（1.98–5.45)

BMI<24.0,central obesity 1.59（1.38–1.84)
24.0≤BMI<28,central obesity 2.84（2.56–3.16)
BMI≥28.0,central obesity 5.93（5.16–6.82)

Notes: BMI, body mass index; WC, waist circumference.

A prior study [1] explored the association between dietary patterns and hypertension among Chinese adults. 
The study demonstrated that patients with traditional northern diets had significantly higher blood pressures; 
meanwhile, the southern diet pattern was associated with a lower risk of hypertension. Additionally, several 
studies [2,3,4,5] have revealed that the majority of Chinese people are sensitive to sodium, high sodium and low 
potassium diet is an important risk factor for hypertension.  

2.1.2 Secondary Hypertension

One study analyzed the etiologies of hypertension in 2 274 inpatients (aged 14–92 years) from 2000 to 
2004. The results showed that patients with secondary hypertension accounted for 14% of total hypertensives. 
The most common etiology for secondary hypertension was endocrinal hypertensions (51.3%) [6].

Another study [7] assessed secondary hypertension etiologies in Guangxi University Affiliated Liuzhou 
People’s Hospital from January 2007 to December 2010. The results showed that among 3 207 inpatients, 
351 were diagnosed with secondary hypertension, with a male/female ratio of 0.46:1 (male: 111, female: 
240). The main etiology for secondary hypertension was renal hypertension, followed by obstructive sleep 
apnea hypopnea syndrome (OSAHS), primary hyperaldosteronism, hyperthyroidism, pheochromocytoma, 
hypercortisolism, and aortic stenosis.

[1] Wang D, He Y, Li Y, Et Al. Dietary patterns and hypertension among Chinese adults: a nationally representative cross–sectional 
study. BMC Public Health, 2011, 11(1): 925.
[2] Zhang Y, Zhang W, Wang JF, et al. Prevalence and risk factors of primary hypertension in Changning district, Shanghai. 
Geriatricis & Health Care,2012;18(1):19–22. 
[3] Liu Z. Dietary sodium and the incidence of hypertension in the Chinese population: a review of nationwide surveys. American J 
of Hypertension, 2009, 22(9): 929–933. 
[4] Wang JG, Li Y. Characteristics of hypertension in Chinese and their relevance for the choice of antihypertensive drugs. Diabetes 
Metabolism Research and Reviews, 2012, 28 (Suppl 2): 67–72. 
[5] Chen J. Epidemiology of hypertension and chronic kidney disease in China. Current Opinion in Nephrology and Hypertension, 
2010, 19(3): 278–282.
[6] Wang ZH, Chu SL, Chen SX. Analysis of Etiology and Risk Factors of In–patients with Hypertension. Chinese J of Hypertension, 
2005, 13(8): 504–509.
[7] Yi QY, Zhang LC. Survey on epidemiology etiology of hypertension in Liuzhou Chinese J of Clinicians (electronic edition), 
2011, 5(20): 6102–6105.
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2.1.3 Hypertension in Children and Adolescents
2.1.3.1 Epidemiological Trends and Distributional Characteristics of Hypertension in 

Children and Adolescents

(1) Prevalence and trends of hypertension in children and adolescents
Analysis of data from 190 000 Han Chinese children aged 7 to 17 years in the National Student Health 

Study in 2010 found that the prevalence of hypertension in children and adolescents was 14.5% (Boy: 16.1%; 
Girl: 12.9%), and there was an increasing trend in blood pressure levels regardless of age and gender (Figure 
2–1–14) [1] . The diagnosis criteria of hypertension was based on the Chinese Prevention and Treatment 
Guideline for Hypertension (2010 edition). 

Figure 2–1–14 Prevalence of Hypertension among Different age Groups of Chinese Children in 2010 (%)

The Chinese Health and Nutrition Survey measured the blood pressures of children and adolescents from 
1991 to 2009 [2] . The surveys reveal that the prevalence rate of juvenile hypertension has been continuously 
increasing, from 7.1% in 1991 to 13.8% in 2009. Based on these findings, the average annual increase was 
calculated to be 0.47% (Figure 2–1–15). 

[1] Dong B, Wang HJ, Wang Z, et al. The association  of overweight and obesity with blood pressure among Chinese children and 
adolescents. Biomedical and Environmental Science, 2013; 26(6): 437–444.
[2] Liang YJ, Xi B, Hu YH, et al. Trends in blood pressure and hypertension among Chinese children and adolescents: China health 
and nutrition surveys 1991–2004. Blood Pressure, 2011, 20(1): 45–53. Xi B, Liang Y, Mi J. Hypertension trends in Chinese children 
in the national surveys, 1993 to 2009. International Journal of Cardiology 2013; 165 (3): 577–579.
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Figure 2–1–15 Trends in Hypertension Prevalence, Ages 6–17 (China: 1991–2009)

Note: Data for 1991–2004 was based on Liang et al [1]. Data for 2009 was based on Xi et al [2]. Both studies used the Chinese Prevention and 

Treatment Guideline for hypertension (2010 edition) and single time point measurements as the diagnostic criteria of hypertension.

(2) Epidemiological status of juvenile hypertension in different regions. 
Recently, several large–sample surveys on juvenile hypertension have been launched in succession 

in regions including Beijing, Shanghai, Hunan, and Xinjiang (Table 2–1–15). These studies all used the 
definition of juvenile hypertension from the Chinese Prevention and Treatment Guideline for hypertension 
(2010 edition) as the diagnostic criteria, the results were comparable . 

Most of the studies used a single time point measurement to assess blood pressure. However, 
measurements should be taken at three different time points on different days if considering white–coat 
hypertension. Results from a study which measured blood pressure at three different time points in a day 
in Beijing revealed that the prevalence of hypertension was 18.2%, but decreased by 83% to 3.1% at the 
third measurement [3] . Therefore, monitoring the dynamic change in blood pressure among children is more 
meaningful than the results from single time point measurements [4] . We recommend that future studies use 
multiple time point measurements (at least 2) to produce more accurate results.

[1]  Liang YJ, XI B, HU YH, et al. Trends in blood pressure and hypertension among Chinese children and adolescents: China health 
and nutrition surveys 1991–2004. Blood pressure, 2011,20(1):45–53.
[2] Xi B, Liang Y, Mi J. Hypertension trends in Chinese children in the national surveys, 1993 to 2009. International Journal of 
Cardiology 2013; 165(3):577–579.
[3] Meng LH, Liang YJ, Liu JT, et al. Prevalence and risk factors of hypertension based on repeated measurements in Chinese 
children and adolescents. Blood Pressure, 2013, 22(1): 59–64.
[4] Mi J, Wang T, Meng L, et al. Development of Blood Pressure Reference Standards for Chinese Children and Adolescents. 
Chinese J of Evidence Based Pediatrics, 2010, 5(1): 4–14.
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Table 2–1–15 Prevalence of Juvenile Hypertension by Region and Population Characteristics

Survey 
Region

Survey 
Period 
(Year)

Ethnic Group Age (Years) DBP Survey Size 
(Persons)

Diagnostic 
Method

Prevalence 
(%)

Shanghai[1] 2009 Han 7–20 K4 78 114 Auscultation 11.2

Hunan[2] 2009 Han 12–17 K4 88 947 Auscultation 3.1

Shanxi[3] 2010 Han 7–18 K5 66 593 Auscultation 6.2

Shandong[4] 2010 Han 7–17 K5 38 860 Auscultation 23.3

Henan[5] 2009 Han 6–18 K5 11 571 Auscultation 7.3

Yunnan[6] 2005 Han and other 11 
ethnic minorities 3–6 K4 15 877 Auscultation 7.1

Xinjiang[7] 2009 Kazak 7–14 K4 2 438 Auscultation 5.6

Beijing[8] 2010 Han 3–18 K4 6 692 Auscultation 18.2→5.1→3.1

2.1.3.2 Risk Factors of Hypertension in Children

(1) Overweight and Obesity
A close relationship exists between obesity and hypertension in children. Body mass index (BMI), waist 

circumference (WC), and weight–height ratio (WHtR) are commonly used to assess childhood obesity status 
and obesity type. A study from Shanghai analyzed the association between blood pressure and body weight 
in 78 114 school–aged children (Males: 51.3%) [9]. The results showed that there was statistically difference 
of BP levels in different body types (p<0.0001). After adjusting for age and gender, the risk of developing 

[1] Lu X, Shi P, Luo CY, et al. Prevalence of hypertension in overweight and obese children from a large school–based population in 
Shanghai, China. BMC Public Health, 2013,11;13:24. 
[2] Cao ZQ, Zhu LP, Zhang T, et al. Blood Pressure and obesity among adolescents: a school–based Population study in China. 
American J of Hypertension, 2012, 25(5): 576–582.
[3] Shen CY, Zhang RJ, Chen YL, et al. Prevalence of obesity and hypertension among children and adolescents in Xi’an. Chinese 
Journal of School Health, 2012, 05: 588–589.
[4] Zhang Y, Sun G, Zhao J, et al. Monitoring of blood pressure among children and adolescents in a coastal province in China: 
results of a 2010 survey. Asia–Pacific J of Public Health, 2012.doi: 10.1177/1010539512444777.
[5] Cao JL, Hu YL, Xu F, et al. Epidemiology study of hypertension distribution and associated factors among 11571primary 
students and middle school students. Chinese Medicine Guidelines, 2011, 09(31): 290–292.
[6] Zhang W, Guo ZH, Liu JT, et al. Blood pressure of 3–6 years old children and exploration of assessment standard for juvenile 
hypertension. Chinese J of Hypertension, 2012, 3: 260–264.
[7] Xu YJ, Li M, Xu PR, et al. Correlation between obesity index and blood pressure in Kazak childhood from Yili, Xinjiang [J]. 
Chinese J of Epidemiology, 2012, 8 (33): 774–778.
[8] Meng LH, Liang YJ, Liu JT, et al. Prevalence and risk factors of hypertension based on repeated measurements in Chinese 
children and adolescents. Blood Pressure, 2013, 22(1): 59–64.
[9] Lu X, Shi P, Luo CY, et al. Prevalence of hypertension in overweight and obese children from a large school–based population in 
Shanghai, China. BMC Public Health 2013,11;13:24.
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hypertension for children who are overweight or obese (regardless of overweight or obese categorizations) 
was 1.5–2.2 times that of normal children (Figure 2–1–16). 
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Figure 2–1–16 Hypertension Prevalence by BMI and WC Stratification

Note: Diagnoses of overweight and obesity were based on the recommended guidelines set forth by the Working Group on Obesity in China 
(WGOC). Overweight: BMI/WC≥P90 – ＜ P95; Obesity: BMI/WC≥P95.

An analysis of blood pressure and body weight was conducted among 40 495 Han Chinese students of 
ages 7–10 years (Male: 49.8%) in the 2010 National Student Health Survey. The survey assessed obesity 
types in a more comprehensive way by considering both the BMI and the WC of each child. The results 
showed that the hypertension prevalence was associated with certain obesity types regardless of gender: 
the students with complex obesity had the highest prevalence of hypertension, followed by students with 
abdominal obesity, then by those with normal body habitus [1] . Please see Figure 2–1–17 for details. 

Male Female

Normal body habitus

Abdominal obesity

Complex obesity

Figure 2–1–17 Elevated Blood Pressure by Gender and Body Habitus

[1] Wu LJ, Ma J, Fu LG, et al. Association between Abdominal Obesity and Blood Pressure among 7–10 Years Old Chinese 
Children. Chinese Journal of Preventive Medicine, 2013. 8(47): 689–694.
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Note: (1) Hypertension: SBP and/or DBP greater than the 95th percentile SBP/DBP values of students of same age and gender from the 2010 
survey; (2) Abdominal obesity: normal BMI, elevated WHtR; complex obesity: elevated BMI and WHtR; (3) Elevated BMI: Based on underweight, 
normal, overweight, or obese categorization from the 2006 WHO Juvenile Malnutrition Guidelines and the Working Group on Obesity in China’s 
Chinese School–aged Children and Adolescent Overweight and Obesity BMI Categorization Guidelines; elevated BMI defined as overweight and/or 
obese; elevated WHtR: WHtR > 0.46.  

 (2) Abnormal Glucose and Lipid Metabolism 
A multi–center juvenile hypertension survey from Harbin, Beijing, Jinan, Shanghai, Chongqing and 

Guangzhou published in 2012 reported that after adjusting for age, gender, BMI, socioeconomic level, 
parental educational levels, and age of puberty, the risk of developing hypertension among children in the 
hypertriglyceridemia, hyperglycemia, metabolic syndrome, and high HOMR–IR index groups was higher 
than among normal children (all P values <0.0001) [1] .

(3) Family History of Hypertension
The Beijing Children and Adolescent Metabolic Syndrome (BCAMS) Research Group studied the 

association between blood pressure of children aged 6–17 years and parental histories of hypertension [2] .  
The hypertensive statuses of the parents were self–reported through a survey questionnaire. The study 
categorized children into 4 groups: “both parents without hypertension”, “paternal hypertension”, 
“maternal hypertension,” or “both parents with hypertension.” The results demonstrated there were 
positive associations between the numbers of parents with history of hypertension and both SBP and DBP of 
their offspring (tendency χ2=39.49, p < 0.001) (Table 2–1–16).

Table 2–1–16 Association Between Juvenile HTN and Parental HTN History
Family History HTN Prevalence（%） OR（95%CI）

Both Parents Without HTN 8.7   1

Paternal HTN 13.8 1.68（1.39–2.06）

Maternal HTN 12.6 1.56（1.16–2.09）

Both Parents with Hypertension 11.5 1.27（0.67–2.41）

 (4) Prenatal and Early Postnatal Stage Factors: Developmental Origins of Health and Disease (DOHaD) 
Theory

In the 1 980s, Hales and Barker theorized that the factors that effect the intrauterine environment during 
pregnancy were related to the child’s development of cardiovascular diseases in adulthood. This was 
known as the “developmental origins of health and disease” (DOHaD) theory. The theory considered 
the reactions of intrauterine infants to adverse effects (mainly in low birth weights) that could potentially 
lead to permanent changes in the cardiovascular system and other organs of the infant’s body, thus result in 

[1] Xu H, Hu X, Zhang Q, et al. The Association of hypertension with obesity and metabolic abnormalities among Chinese children. 
International J of Hypertension, 2011; 2011: 987159.doi: 10.4061/2011/987159.
[2] Xi B, Mi J, Wang L, et al. Family Aggregation of Primary Hypertension among Children and Adolescents in Beijing. Chinese J 
of Epidemiology 2008, 29(9): 849–854.
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the development of diseases in adulthood. To test this theory, 628 patients (49.2% male) who were born in 
Beijing Union Medical College Hospital were enrolled and followed between 1948 and 1954 [1–2] . The study 
found that, after adjusting for the factors such as sex, age, gestational weeks and parity, both SBP and DBP in 
adulthood were negatively correlated to a person’s birth weight and birth weight index (Ponderal Index, PI, 
kg / m³; P <0.05). For every one–kilogram increase in birth weight, the SBP and DBP decreased by 3.0 mm 
Hg and 1.9 mm Hg, respectively.

Furthermore, those classified as low birth weight (PI <24kg / m³) and adulthood obesity (BMI≥P75) 
showed the highest prevalence (34.4%) of hypertension (defined as SBP≥160mmHg or DBP≥95mmHg 
or according to past municipal hospital diagnosis of hypertension) at adulthood. Additionally, no patient was 
diagnosed with hypertension among the group defined as natal fatness (PI≥28kg / m³) and thin (BMI <P25)
in adulthood  .

From 1992 to 2000, 81 538 (37.3% male) children between the ages of 6 to 18 underwent a heath 
examination in Taiwan, their birth weights were obtained from the Taiwan Birth Registry [3] . After adjusting 
for sex, age, height, BMI, and other factors, the study found that the low birth weights (<2 600g) were 
at higher risk (1.16 times) of childhood hypertension compared to the group with normal birth weights 
(3000g–3542g; OR=1.159, 95% CI: 1.043–1.288). [4]  

Recent studies have indicated that over–nutrition of infants with macrosomia during maternal pregnancy 
may also increase the risk of developing hypertension in adulthood. A longitudinal cohort study was 
conducted in Wuxi with a follow–up period of 18 years. Subjects with birth weight ≥4 000g were the 
exposed group; the unexposed comparisons were matched by year of birth and sex of infant, with birthweight 
of 2500–4000g [5] . After adjusting gestational weeks, gender, mother’s occupation, and delivery age and 
weight during pregnancy, the study found that the exposed group had a higher average SBP than the control 
group (110.8 ± 9.4 mmHg vs. 109.3 ± 9.3 mmHg), and that the difference between the two groups was 
statistically significant (P = 0.0002).

Exposure to unhealthy environments (natural calamities, diseases, etc.) in early life stages may also 
increase the likelihood of development of adult hypertension. Chen and his colleagues investigated the effects 
of fetal–infant exposure to the famine on risk of hypertension in adulthood. 1 415 participants were included 
from the 2009 China Health and Nutrition Survey [6] . After adjusting for age, marital status, BMI, waist 

[1] Mi J, Zhang KL. Association between born emaciation and hypertension in adulthood. J of China Public Health, 1998,04:34–35. 
[2] Mi J, Law C, Zhang KL, et al. Effects of infant birthweight and maternal body mass index in pregnancy on components of the 
insulin resistance syndrome in China. Ann Intern Med, 2000; 132(4):253–260.
[3] Wei JN, Li HY, Sung FC. Birth weight correlates differently with cardiovascular risk factors in youth. Obesity (Silver Spring), 
2007;15(6):1609–1616.
[4] Pan WH, Chang HY, Yeh WT, et al. Prevalence, awareness, treatment and control of hypertension in Taiwan: results of Nutrition 
and Health Survey in Taiwan (NAHSIT) 1993–1996. J Hum Hypertens, 2001;15:793–798.
[5] Li Y, Wu J, Yu J, et al. Is fetal macrosomia related to blood pressure among adolescents? A birth cohort study in China. J of 
Human Hypertension, 2013, 27(11):686–692.
[6] Chen H, Nembhard WN, Stockwell HG. Sex–specific effects of fetal exposure to the 1959–1961. Chinese Famine on Risk of 
Adult Hypertension. Maternal and Child Health J, 2013 doi: 10.1007/s10995–013–1268–z.
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circumference, smoking, alcohol use, and other factors, females in the fetal–infant (< 1 years old) and early 
childhood period (1–5 years old) exposure groups were 1.62 times (OR = 1.62; 95% CI: 1.01– 2.61) and 1.78 
times (OR = 1.78; 95% CI: 1.15 – 2.74) more likely to develop adult hypertension compared with the control 
groups. The differences were statistically significant (P < 0.05). However, no statistically significant increases 
in mean BP or hypertension risk were seen among men, suggesting that the influence of early malnutrition on 
adult hypertension was gender–specific (Figure 2–1–18).
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Figure 2–1–18 Adulthood HTN Prevalence by Different Early Exposure to the Great Famine

Note: (2) The Great Famine was from 1959 to 1961; (2) The control group includes those born between Oct 1, 1962 and Sept 30, 1964. The fetal–
infant exposure group includes those born between Oct 1, 1959 and Sept 30, 1961. The early childhood exposure group includes those born between 
Oct 1, 1956 and Sept 30, 1958. 

(5) Salt sensitivity
A cohort study among children with 18–year follow–up in Hanzhong village in Shanxi [1]  found that 

among salt–sensitive children (age 6–15 years), their SBP and DBP in early adulthood (age 24–33 years) 
appeared higher compared to those of non–salt–sensitive counterparts (p < 0.05). Furthermore, compared 
with the non–salt–sensitive children, they have a 1.34–times greater rate of developing hypertension (RR 
= 2.34, 95% CI: 1.04 – 5.25), indicating that salt sensitivity in childhood is a risk factor of hypertension in 
early adulthood.

(6) Sleep
Blood pressure and sleep data was collected for 123 919 (42.4% male) teenage students in puberty 

(male: 11–17 years old, female: 9–17 years old, in puberty was defined as having had their first menarche/
spermatorrhea, which were obtained from survey questionnaire) who participated in the 2010 National 
Student Physical Fitness and Health Survey [2] . The results showed that, before puberty, the prevalence 

[1] Mu J, Zheng S, Lian Q, et al. Evolution of blood pressure from adolescents to youth in salt sensitivities: a 18year follow–up 
study in Hanzhong children cohort. Nutrition Journal 2012; 11:70.
[2] Dong B, Wang HJ, Ma J. Association between sleep duration and puberty blood pressure among students aged 9 to 17 years in 
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of hypertension was higher in teenagers who had insufficient sleep than in those who had sufficient sleep, 
with the difference being statistically significant (P <0.01). This suggested that lack of sleep in puberty may 
elevate blood pressure (Figure 2–1–19).

Sufficient sleep Insufficient sleep
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Figure 2–1–19 Hypertension Prevalence by Sleep Duration among Teenagers (%)

Notes: (1) Hypertension was defined according to the 95th percentile SBP/DBP values of students (both rural and urban, boys and girls) from 
the 2010 National Student Physical Fitness and Health Survey; (2) sufficient sleep: sleep duration ≥9h for students aged 7–12 years old, ≥8 h for 
students aged 13–15 years old, ≥7 h for students aged 16–18 years old. Individuals not meeting this condition were placed in the as insufficient sleep 
group.

(7) Other Studies
Recent research has discovered that specific children’s biomarkers are associated with elevated blood 

pressure. One study analyzed the uric acid and blood pressure of 3 778 children (males: 47.1%; age: 10–15 
years old; ethnic groups: Uyghur, Kazak, and Han) in a Xinjiang congenital heart disease survey [1] . The 
study found that hypertension prevalence increased as uric acid increased (P=0.009). Additionally, after 
adjusting for age, gender, ethnicity, BMI, total cholesterol, high–density lipoprotein cholesterol, low–
density lipoprotein cholesterol, and triglyceride, the study determined that the risk of developing juvenile 
hypertension in the third quartile group and fourth quartile group (grouped by urine acid values) was 1.6 
times and 1.81 times greater than that of the first quartile group, respectively (OR=1.60；95%CI：1.10 – 
2.33; OR=1.81；95%CI：1.18–2.78, respectively), as shown in Figure 2–1–20.

 

China. Chinese Journal of Preventive Medicine, 2013, 47(8): 718–725.
[1] Pan S, He CH, Ma YT, et al. Serum uric acid levels are associated with high blood pressure in Chinese children and adolescents 
aged 10–15 years. Journal of hypertension, 2014, 32(5): 998–1004.
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Figure 2–1–20 Hypertension Prevalence by Different Uric Acid Values  
among Children aged 10–15 years old (%)

2.1.3.3 Prediction of Adult Hypertension and Organ Damage Based on Childhood Blood 
Pressure Levels

Analysis of data from the Beijing Child Blood–Pressure Study (BBS), which included 412 children 6–18 
years of age who were followed–up 18 years, discovered after controlled for age, gender, adult height and 
BMI and other factors, the odds ratio of developing adult hypertension among children who were diagnosed 
with hypertension (SBP/DBP > P95) was 4.63 compared with those with normal baseline blood pressures 
(OR = 4.63; 95% CI: 2.09–10.25) [1] . Pubertal hypertension (Tanner stage II and beyond) predicted a higher 
risk of adult hypertension than pre–pubertal (male testes and female breast development at Tanner stage 
I) hypertension, with odds ratios (95% confidence intervals) of 10.00 (3.03–33.07) and 2.71 (0.83–8.85), 
respectively [2]. 

The Hanzhong Child Hypertension Cohort 18–year follow–up study in Shanxi showed that 28% of 
children with elevated blood pressures became hypertensive in adults, significantly higher than children with 
normal blood pressures (4.1%, RR = 6.88, P < 0.01) [3] . 

The Hanzhong study further revealed that the brachial artery flow–mediated dilatation measurements 
(FMD) among adults in the child cohort with elevated blood pressure (0.103 +/– 0.004 mm) were lower than 
those of their counterparts in the cohort with normal blood pressure (0.117 +/– 0.05 mm). The difference 
showed statistical significance (p <0.05). The former group’s arterial elasticity index (C2) (12.93 +/– 3.31 

[1] Zhao D, Zhang M, Chen F, et al. The Prediction of Elevated Blood Pressure in Childhood for Adult Hypertension. Beijing 
Medical Journal, 2008. 30(11): 657–660.
[2] Liang YJ, Mi J. Pubertal hypertension is a strong predictor for the risk of adult hypertension. Biomedical and Environmental 
Sciences, 2011,24(5): 459–466.
[3] Mou JJ, Liu ZQ.Resaerch on Risk Ractors of Juvenile Cardiovascular diseases – Shanxi Child Hypertension Cohort.Chinese 
Journal of Cardiovascular diseases, 2008. 36(Supplyment): 115–116.
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ml/mmHg x 10) was also significantly smaller than that of the latter group (15.21 +/– 4.11 ml/mmHg x 10) 
(p<0.01). 

A study that monitored kidney function in a Beijing cohort found that the risk of developing cardiac and 
renal damage among people who were hypertensive in childhood and remained so during adulthood was 3 
times higher than that of people with normal blood pressures (OR = 4.07, 95% CI: 1.47 – 11.27) [1].

2.1.3.4 Evaluation for Secondary Hypertension in Children

Currently, surveys of juvenile secondary hypertension in China are mainly from hospitals. The Beijing 
Children’s Hospital and the First Affiliated Hospital of Jilin University have conducted a retrospective 
analysis among hospitalized children with the diagnosis of “hypertension.” The study enrolled 304 and 
203 pediatric patients, respectively [2–3] . The study showed that more than half of the pediatric patients 
enrolled had secondary hypertension. The average age of the children with secondary hypertension was lower 
than that of children with primary hypertension (see Table 2–1–17).

Table 2–1–17 HTN Type and Average age of Admitted Children

Survey
 Region

HTN type（n，%） Age（ ±s，y）

Primary HTN Secondary HTN Primary Secondary 

Beijing 146（48.0） 158（52.0） 12.3±3.1 9.1±4.6

Jilin 50（24.6） 153（75.4） 11.8±3.2 10.2±4.0

Renovascular hypertension is the leading cause of secondary hypertension, accounting for 1/3 to 2/3 of all 
cases. Recent studies have found that drug–related hypertension has become the second most common cause 
of secondary hypertension, accounting for 18.3% of all cases (Table 2–1–18).

Table 2–1–18 Breakdown of Secondary HTN Etiology 

Order Etiologies Study 1[4]（%） Etiologies Study 2[5]（%）

1 Renal disease（39.9） Renal disease（49.0）

2 Endocrinal disease（29.8） Drug–related HTN（18.3）

3 Cardiovascular disease（13.9） Cardiovascular disease（16.3）

[1] Zhao D, Zhang M, Mi J, et al. Effect of Blood Pressure Status Changes from Childhood to Adulthood on Hypertension Related 
Cardiac Renal Function in Adulthood. Chinese Journal of Pediatrics, 2008. 46(10): 763–768.
[2] Liu C, Du ZD, Li X, et al. Etiology and Differential Diagnosis of Admitted Children with Hypertension [J]. Journal of Capital 
Medical University, 2010, 31(2): 187-191.
[3] Zhang DL, Zhai SB, Wang JH, et al. Analysis of 203 hypertensive children. Chinese J of Laboratory Diagnosis, 2013, 12: 2238 
–2240.
[4] Same[1].
[5] Same[2].
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Order Etiologies Study 1[1]（%） Etiologies Study 2[2]（%）

4 Central nervous disease（8.2） Endocrinal disease（5.2）

5 Others (stress, infection, congenital abnormalities)（8.2） Central nervous disease（4.6）

6 —— others（6.5）

2.2 Smoking
2.2.1 Prevalence of Smoking

2.2.1.1 Current Status of Smoking 

(1) Status of the overall country: 
    China has remained as one of the countries with the highest male smoking rates in the world since 

1984. The percentage of men who reported smoking declined between1996 and 2010, and fluctuated slightly 
from 2002 to 2010. The Global Adult Tobacco Survey (GATS)–China Project in 2010, covering population 
of China’s 28 provinces, demonstrated that the total smoking rate in men over 15 years of age was 62.8% 
with a current smoking rate of 52.9%; the overall number of male smokers was 340 million, including 290 
million current smokers. The overall smoking prevalence in women was 3.1% (2.4% of current smokers); 
the number of female smokers was 16.39 million, including 10.46 million current smokers). Compared 
with 1996 and 2002, standardized smoking rate remained unchanged, despite of a slight reduction in male 
smoking prevalence. It is estimated that the total number of smokers is 356 million among subjects over 15 
years of age, higher than the number in 2002. The number of current smokers is near 310 million, which 
was not significantly different from that in 2002. From 1996 to 2002, smoking rates across all age groups, 
with the exception of youth, showed various extents of reduction. From 2002 to 2010, smoking rate in males 
between the ages of 40 and 59 showed an upward trend. Although the overall smoking prevalence was still 
relatively low in women, the smoking rate in young females is slightly increasing. The overall smoking rate 
was significantly higher in rural residents than in urban residents (29.8% vs. 26.1%). It was higher in rural 
males than in urban males (56.1% vs. 49.2%), while it was significantly higher in urban females than that in 
rural females (2.6% vs. 2.2%)(Table 2–2–1, Table 2–2–2; Figure 2–2–1, Figure 2–2–2). [3,4,5,6,7] 

Table 2–1–18 Breakdown of Secondary HTN Etiology   (Continued) 

[1] Zhao D, Zhang MM, Mi J, et al. Effect of blood pressure status changes from childhood to adulthood on hypertension–related 
cardiac renal function in adulthood. Chinese Journal of Pediatrics, 2008, 46(10): 763–768.
[2] Liu C, Du ZD, Li X, et al. Etiology and Differential Diagnosis of Admitted Children with Hypertension. Journal of Capital 
Medical University, 2010, 31(2): 187–191.
[3] Yang GH. Smoking and passive smoking in Chinese population, 2002. Chinese J of Epidemiology, 2005,26(2):77–83.
[4] Yang GH, FanLX, Tan J, et al. Smoking in China: Findings of the 1996 National Prevalence Survey. JAMA. 1999,282(13):1247–

53.
[5] Yang GH. Global Adult Tobacco Survey (GATS)–China Report, 2010. Beijing: Three–Gorgas Press, 2011.11. Control office of 
Chinese Center for Disease Control and Prevention.
[6] Report of Chinese Youth Tobacco Survey in 2014. Chinese Center for Disease Control and Prevention. 2014.5.
[7] Yang GH, Li Q, Jason Hsia. Prevalence of smoking in China in 2010. N Engl J Med. 2011, 364(25): 2469–2470.
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Table 2–2–1 Smoking Rate in Four National Smoking Surveys among Chinese Aged Over 15

Survey Time Sample Size Age (Year) Male Smoking 
Rate (%)

Female Smoking 
Rate (%) Total (%) 

1984 519 600 15–  61.0 7.0 33.9

1996 122 700 15– 66.9 4.2 37.6

2002 16 056 15–69 66.0 3.1 35.8

2010 13 354 15–69 52.9 2.4 28.1

* Note: the definition of smoking differed in the four surveys
The National smoking sampling survey in 1984 defined a smoker as a current smoker who smoked more than 1 cigarette per day and had 
been smoking continuously for more than 1 year.
The National epidemiological survey of smoking behavior in 1996 defined a smoker as a current smoker who smoked more than 1 
cigarette per day and had been smoking for more than 6 months.
The Smoking and passive smoking survey in Chinese population, 2002 defined a smoker as a current smoker who had smoked more than 
100 cigarettes continuously or accumulatively.
The Global Adult Tobacco Survey (GATS)–China Project, 2000 defined smoking rate as the prevalence rate of current smokers.

Table 2–2–2 Current Smoking Rate in Chinese Population Over 15 Years of age—GATS, China, 2010
Demographic 

Characteristics Total (%) Male Smoking Rate (%) Female Smoking Rate (%)

Overall Smoking Rate 28.1 52.9 2.4

Age Groups

15–24 years old 17.9 33.6 0.7

25–44 years old 31.0 59.3 1.6

45–64 years old 33.6 63.0 3.2

≥65 years old 22.7 40.2 6.7

Region

Urban 26.1 49.2 2.6

Rural 29.8 56.1 2.2

 

Figure 2–2–1 Current Smoking Rate in Men by Age in 1996, 2002, 2010
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Figure 2–2–2 Current Smoking Rate in Women by Age in 1996, 2002, 2010

(2) Current status of smoking in residents in midwestern rural areas [1]

In 2010, the National Tobacco Control Office utilized a multi–stage randomized sampling method to 
investigate the status of smoking, passive smoking and smoking cessation in residents in midwestern rural 
areas of China. 5 486 residents between the ages of 15 and 69 from 16 counties and 84 administrative villages 
in Shanxi province, Gansu province, Qinghai province and Xinjiang province (autonomous regions) were 
enrolled. The study demonstrated that the overall smoking rate of midwestern residents was 20.9% (44.8% 
for males, 2.0% for females). Significant differences of smoking rates existed in populations with different 
ages, ethnic backgrounds, education levels and occupations (p<0.001). Residents between the ages of 50 
and 55 had the highest rate of smoking (30.5%). The smoking rate of the Han group was higher than that 
any other ethnic minority (27.7% vs. 16.3%). People graduating from high schools and technical secondary 
schools had the highest smoking rate (28.2%) among all education levels. Smoking rate was higher in rural 
residents working in animal husbandry and non–agriculture labors than that in those engaged in agricultural 
labors (33.3%，40.0% and 24.6%, respectively) (Table 2–2–3).

Table 2–2–3 Current Status of Smoking in Mid–western Rural Residents 

Factors Smoking Rate（%）

Provinces

 Gansu Province 15.7

 Qinghai Province 28.8

 Shanxi Province 27.8

 Xinjiang Province 17.1

[1] Xiao L, Jiang H, Li Q, et al. Survey on status of smoking, passive smoking and quitting smoking in rural areas of the midwestern 
provinces in China. Chinese J of Epidemiology, 2013,34(2): 676–680.
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Factors Smoking Rate（%）

Genders

Male 44.8

Female 2.0

Ethnic Groups

Han 27.7

Ethnic Minorities 16.3

Education Levels

Illiterate or Semiliterate 12.4

Primary School 20.7

Secondary School 24.3

High School or Vocational 
School 28.2

College and Above 15.5

Occupations

Housework 7.2

Agriculture Labor 24.6

Animal Husbandry 33.3

Non–agriculture Labor 40.0

Others 18.7

Ages

15– 5.6

20– 12.1

25– 18.7

30– 21.7

35– 22.7

40– 23.8

45– 21.7

50– 30.5

55– 24.5

60– 23.5

65–69 27.5

(3) Smoking status in a tobacco–cultivating area of southwest China
A cross–sectional study was conducted among 4 070 people above 18–years of age living in a tobacco–

cultivating area of southwest China in 2010. Results of the study showed that adults who did not cultivate 
tobacco had both a lower smoking rate (OR: 0.75, 95%CI: 0.5, 0.99) and a lower passive smoking rate (OR: 

Table 2–2–3 Current Status of Smoking in Mid–western Rural Residents   (Continued) 
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0.76, 95%CI: 0.58, 0.99). Additionally, people who lived in high income areas had a lower smoking rate 
(OR: 0.66, 95%CI: 0.57, 0.77) and a lower passive smoking rate (OR: 0.58, 95%CI: 0.52, 0.65) than those 
who lived in lower income areas. [1]

 (4) Smoking rates of Chinese male doctors and teachers 
The smoking rates of male Chinese doctors and teachers exceeded 50% in both 1996 and 2002. [2,3] The 

GATS study in 2010 demonstrated that the current smoking rates of male medical personnel and teachers 
between 15–69 years of age has dramatically been reduced to 40% and 36.5%, respectively [4]. However, 
China remained one of the countries with the highest smoking rates in male doctors around the world. [5,6]     

(5) Smoking status in Chinese youth
A national survey in 2005 found that the smoking rates were 22.4% for males and 3.9% for females. 

Additionally, the smoking rates of male students were found to increase with age. [7]

In China, smoking became more and more common in younger individuals. According to GATS 2010, 
among those who reported ever trying cigarettes, 55.9% of males and 57.0% of females smoked a whole 
cigarette for the first time before 13 years of age. Furthermore, 52.7% of current smokers between the ages of 
20 and 34 reported becoming daily smokers before the age of 20. [8]

The Global Youth Tobacco Survey (GYTS) 2014 [9] was China’s largest youth tobacco survey, covering 
336 counties (cities, districts) under the jurisdiction of 31 provinces (autonomous regions and municipalities) 
with a total of 1 020 participating schools and 155 117 student participants aged 13 to 15 years old. The 
results indicated that the overall tobacco use rate in Chinese youth was 6.9%. More than half of the students 
reported that they had been exposed to secondhand smoking in public, indoor places (57.2%) and schools 
(54.5%). The study also found that the current smoking rate of junior high school students was higher in 
male students (11.2%) than in female students (2.2%), and was higher in rural areas (7.8%) than in urban 
areas (4.8%) (Table 2–2–4). The province with the highest current smoking rate was Tibet (19.0%), followed 
by Yunnan (16.1%), and Guizhou (14.9%). The smoking rate among students was 18.8% (28.9% for boys 
and 7.7% for girls), and this rate increased with student grade. When comparing urban and rural areas, the 
proportion of males who tried to smoke was higher in rural areas (31.5%) than in urban areas (22.3%), while 
for females there was no significant difference (8.0% in urban areas 7.5% in rural areas). The proportion of 

[1] Cai L, Wu XN , Abhinav Goyal, et al. Multilevel analysis of the determinants of smoking and second–hand smoke exposure in a 
tobacco–cultivating rural area of southwest China. Tob Control. 2013,22(Suppl 2): ii16–ii20.
[2] Yang GH. Smoking and passive smoking in Chinese population, 2002. Chinese J of Epidemiology, 2005,26(2):77–83.
[3] Yang G, Fan L, Tan J, et al. Smoking in China: Findings of the 1996 national prevalence survey. JAMA. 1999,282(13):1247–53.
[4] Yang GH. Global Adult Tobacco Survey (GATS) – China Report, 2010. Beijing: Three – Gorgas Press, 2011.11.
[5] Yang GH. Smoking and passive smoking in Chinese, 2002.Chinese J of Epidemiology. 2005, 26(2).
[6] Control office of Chinese Center for Disease Control and Prevention. Report of Chinese Youth Tobacco Survey in 2014. Chinese 
Center for Disease Control and Prevention. 2014.5.
[7] Ji CY. Health status and risky behaviors an integrated survey report of Chinese adolescent, 2005. Beijing: Peking University 
Medical Press, 2007.
[8] Yang GH. Global Adult Tobacco Survey (GATS) – China Report, 2010. Beijing: Three – Gorgas Press, 2011.11.
[9] Same[6].
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people who began smoking before the age of 13 was 82.3%. Interestingly, 71.8% of current smokers had tried 
to quit. At the time of the study, 72.9% of students responded that in the last 7 days they had been exposed 
to secondhand smoke at home, in public places outdoors or indoors, or on public transportation. For 
these four public areas, the percent of smokers ranked in descending order were found to be as follows: 
outdoor public places (58.3%), indoor public places (57.2%), home (44.4%), and public transportations 
(37.9%) (Figure 2–2–3).

Table 2–2–4 The Current Tobacco Use Rate in Chinese Junior School Students(%)

Demographic 
Categories

Any Tobacco 
Products

Any Tobacco 
Products with Smoke

Any 
Cigarette

Other Tobacco 
Products with Smoke

Tobacco 
Products 

Without Smoke

Overall 6.9 6.4 5.9 1.2 1.0

Genders

Male 11.2 10.6 9.9 1.9 1.3

Female 2.2 1.8 1.6 0.4 0.5

Grades

Grade One 4.4 3.9 3.5 0.7 0.9

Grade Two 7.3 6.7 6.3 1.3 1.0

Grade Three 9.1 8.6 7.9 1.7 1.0

Location

Urban Area 4.8 4.4 3.9 0.9 0.8

Rural Area 7.8 7.2 6.7 1.3 1.0

*Note: Current tobacco use rate indicates the proportion of students who have used any tobacco product, including tobacco products with or 
without smoke, within 30 days prior to this survey.  

Current smoking rate indicates the proportion of students who have used a tobacco product with smoke within 30 days prior to this survey.  

 

Figure 2–2–3 Exposure Rates to Secondhand Smoking in Different Locations  
in Junior High School Students (%) 
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In 2012, 11 593 college students from six universities in Guangzhou were selected and investigated by 
stratified cluster random sampling. The result showed that current smoking rate among undergraduates was 
6.1％ , 11.5％ for males and 1.4％ for females. [1]

Of note, the prevalence of current smoking rate among Chinese youths might be underestimated. Some 
scholars designed a population–based cross–sectional survey including 10 934 adolescents aged 12 to 
18 years from 17 schools in Shanghai, China. Data on adolescents’ smoking status were collected from 
adolescents’ self–reporting and from parents’ questionnaires, separately. Based on the data of two sources, 
the total number of smokers among the study participants was estimated using a capture–recapture method. 
The study demonstrated that reliance on self–reporting to identify smokers among Chinese adolescents 
significantly underestimated the number of smokers, particularly among Chinese girls. Self–reported smokers 
only represent less than half of actual smokers in girls, which meant that more than 50% of smoking rate 
among girls was underestimated. [2]

(6) Smoking status among aged patients with Coronary Heart Diseases in China. [3]

In 2011, a study was conducted to investigate the current state of secondary prevention of coronary heart 
disease among 7 962 elderly patients aged ≥60 years from 165 hospitals of 21 provinces and cities. The 
study showed that patients aged 60 years old and older with a history of smoking comprised up to 62.6% 
of the sample population, and that, of those who smoked, people smoking ≥1 cigarette per day accounted 
for 38.9%. Passive smokers accounted for 28.4%, with 42.5% of second–hand smoke exposure occurring in 
homes. Elderly patients with coronary heart disease who had quit smoking accounted for 19.1%.

2.2.1.2 The Status on Passive Smoking 

Passive smoking, also known as second–hand smoking (SHS), is defined as when a non–smoker is 
exposed to tobacco smoke from smokers at home or at work. 

(1) Passive smoking nationwide 
The results of three surveys in 1996, 2002, and 2010 indicated that SHS exposure levels have not 

fluctuated significantly in the past decade (Figure 2–2–4). In 2002, the percentage of passive smoking in 
non–smokers was up to 51.9%, which represented 540 million passive smokers. According to GATS, there 
were 738 million Chinese non–smokers exposed to SHS in 2010. [4]

[1] Xu XH, Chen JW, Sun A, et al. Analysis of tobacco–related knowledge, attitude and related factors among college students in 
Guangzhou city. Chinese J of Preventive Medicine. 2013, 47(12).
[2] Ma, J, Zhu J, Li N, et al. Severe and differential underestimation of self–reported smoking prevalence in Chinese adolescents. Int 
J Behav Med. 2014,21(4):662–6.
[3] LI XY, Wang L , Yu PL, et al. Present situation on therapy and secondary prevention of coronary heart disease in the elderly. 
Chinese J of Geriatrics. 2012.31(10):909–914.
[4] Yang GH. Global Adult Tobacco Survey (GATS)–China Report, 2010. Beijing: Three–Gorgas Press, 2011.11.
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Figure 2–2–4 Exposure to Second–hand Smoking in 1996, 2002, and 2010

Note: There were variations among the questions regarding second–hand or passive smoking used in these three surveys. In the surveys for 
1996 and 2002, passive smoking was identified by asking "How frequently have you inhaled smoke (that was exhaled by smokers) for more than 15 
minutes per day in the last 30 days?" If a respondent’s frequency was at least 15 minutes per day for one day per week, this was identified as passive 

smoking.
The GATS in 2010 identified second–hand smoking by asking “In general, how many days per a week are you exposed to second–hand 

smoke?” with frequency of at least one day per week of exposure qualifying as passive smoking.

(2) Passive smoking in rural populations 
In 2010, the overall passive smoking rate was 37.8% in residents aged 15 to 69 in four provinces/regions 

of Midwestern China. The gender–specific rates were 31.9% for males and 40.4% for females, with the risk 
of passive smoking significantly higher for women than for men (x2=27.00, p<0.001) [1] (Figure 2–2–5).

 Figure 2–2–5 Passive Smoking Rates of Rural Populations by Exposure Site  
in China’s Four Provinces/Regions (%)

Note: The question regarding passive smoking exposure sites accepted more than 1 response.

A group of scholars have analyzed data from the 2008 China Rural Household Survey (NRHS), which 
conducted in–person interviews among 5 442 non–smokers (1 456 children and 3 986 adults) living in the 

[1] Xiao L, Jiang Y, Li Q, et al. Survey on status of smoking, passive smoking and smoking cessation in rural areas of the midwestern 
provinces in China. Journal of Epidemiology, China. 2013,34(2):676–680.
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rural areas of 6 provinces: Qinghai (northwestern China), Anhui (eastern China), Hubei (central China), 
Yunnan (western China), Jiangsu (eastern China), and Chongqing (southwestern China). The results showed 
that 68.0% of children and 59.3% of adult non–smokers were exposed to secondhand smoke at home. 
Multivariate analyses [1] demonstrated that children were more likely to be exposed to second–hand smoke if 
they were raised by parents who were married, had low education levels, and had low incomes. Additionally, 
single females aged 19–34 years old with low education and income levels reported high rates of exposure to 
second–hand smoke at home. Overall, children and women in Qinghai reported the highest rate of second–
hand smoke exposure (Table 2–2–5). It was determined that Chinese rural residents have a high risk of being 
exposed to secondhand smoke at home. Therefore, intensive second–hand smoking interventions should be 
implemented in rural populations.

Table 2–2–5 Exposure to Second–hand Smoking among Children and  
Adult Non–smokers in Rural Areas in China

Demographic 
Characteristics

Children Adult
Non–smokers

SHS Exposure 
Rate（%）

P value SHS Exposure
Rate（%）

P value

Gender

Male 65.4 0.030 41.8 ＜0.001

Female 70.7 67.6

Age

0–12   70.2 0.025 19–34years old 67.3 ＜0.001

13–18 64.6 35–64years old 54.8

≥65years old 57.5

Marriage Status of Household

Single 62.4  0.001 67.7 ＜0.001

Married 71.2 58.5

Divorced or Widowed 24.3 52.9

Education Level

Low (high school or less) 68.5  0.010 59.9   0.026

Middle (high school or 
secondary school) 68.3 53.0

High (college or above) 40.0 52.7

Per Capita Net Income

Low 71.1   0.047 61.8  0.047

Middle 67.4 59.0

High 62.9 56.7

[1] Yao T, Sung HY, Mao Z, et al. Secondhand smoke exposure at home in rural China. Cancer Causes Control. 2012;23 Suppl 
1:109–15.



Chapter 2 Risk Factors of Cardiovascular Diseases 

55

Demographic 
Characteristics

Children Adult
Non–smokers

SHS Exposure 
Rate（%）

P value SHS Exposure
Rate（%）

P value

Region

 Hubei 54.1 ＜0.001 47.6 ＜0.001

 Qinghai 78.1 67.5

 Yunnan 66.6 67.2

 Chongqing 67.2 57.8

 Anhui 73.2 60.5

 Jiangsu 66.7 58.0

 Total 68.0 59.3

2.2.2 Smoking Cessation

In recent years, the smoking cessation rate has increased slightly in individuals aged 15 and above, from 
9.42% in 1996 to 11.5% in 2002, to 16.9% in 2010. The number of people who have quit smoking has 
increased by 15 million. In 2010, the GATS–China project showed that 16.1% of current smokers intended 
to give up smoking within the next 12 months. [1] Since 2002, there has been no significant change in the 
proportion of smokers who have no intention to stop smoking (44% in 2002, vs. 44.9% in 2010). The re–
smoking rates have increased from 10.5% in 1996 to 32.5% in 2002 and 33.1% in 2010.[2,3,4]In 2010, the rate 
of smoking cessation among rural residents aged 15–69 years old in China’s central–west four provinces was 
only 1.9%. [5] A 10–year multicenter prospective study in China has also shown that the smoking cessation 
rate for China’s overall population is quite low (7.2% in men, 1.5% in women). [6] 

2.2.3 Hazards of Smoking and Passive Smoking

Smoking and passive smoking are two of the most common preventable risk factors of death in Chinese 
adults. The relative risk (RR) of death and the population attributable risk (PAR) of death in the Chinese 

[1] Yang GH. Global Adult Tobacco Survey (GATS)–China Report, 2010. Beijing: Three–Gorgas Press, 2011.11.
[2] Yang GH. Global Adult Tobacco Survey (GATS)–China Report, 2010. Beijing: Three–Gorgas Press, 2011.11.
[3] Yang GH. Smoking and passive smoking in Chinese population, 2002. Chinese J of Epidemiology, 2005,26(2):77–83.
[4] Yang G, Fan L, Tan J, et al. Smoking in China: Findings of the 1996 national prevalence survey. JAMA. 1999,282(13):1247–

1253.
[5] Xiao L, Jiang Y, Li Q, et al. Survey on status of smoking, passive smoking and smoking cessation in rural areas of the midwestern 
provinces in China. Chinese J of Epidemiology, 2013,34(2):676–680.
[6] L.A. Tse, X.H. Fang, w.Z. Wang, etc. Incidence of ischemic and heamorrhagic stroke the association with smoking and smoking 
cessation: A 10–year multicenter prospective study in China. Public Health. 2012,126: 960–966.

Table 2–2–5 Exposure to Second–hand Smoking among Children and  
Adult Non–smokers in Rural Areas in China     (Continued) 
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population were 1.23 (95% CI: 1.18 – 1.27) and 7.9%, respectively. For men, the RR was 1.18 (1.13 – 1.23) 
and the PAR was 10.0%, for women, the RR was 1.27 (1.19 – 1.34) and the PAR was 3.5%, respectively.[1]

2.2.3.1 Impact of Smoking on Morbidity, Mortality and Prognosis of CVD

(1) Smoking as an independent risk factor of cardiovascular diseases.
A multi–province/city cohort study on cardiovascular disease risk factors with 10–year follow–up among 

30 000 individuals aged 35 to 64 years demonstrated that smoking was an independent risk factor for acute 
coronary heart disease and acute ischemic stroke. Indeed, 19.9% of acute coronary heart disease events 
and 11.0% of acute ischemic stroke events were attributable to smoking. Multivariate analysis showed that 
in comparison with nonsmokers, cigarette smoking resulted in a 1.75 times risk for coronary events, 1.37 
times risk for ischemic stroke events, and 1.21 times risk for hemorrhagic stroke events.[2] These findings 
were confirmed by another Chinese–American cohort study, which followed 10 000 subjects for up to 15 
years, that 31.9% of ischemic CVD, including coronary heart disease and ischemic stroke, were attributed 
to smoking in individuals aged 35–59.[3] The relative risk of ischemic disease doubled in male smokers 
compared to male non–smokers (RR=2.04), and increased by 59% in female smokers compared to female 
non–smokers (RR=1.59). 

A prospective cohort study in 1991 with an average follow–up period of 8 years observed the relationship 
between mortality rate and smoking in a nationally representative sample of 169 871 Chinese adults aged 40 
years and above. The study demonstrated that the relative risk of mortality was 1.28 (1.19–1.37) in men and 
1.13 (1.03–1.25) in male current smokers; the risk for women was 1.25 (1.13 – 1.37) and 1.19 (1.04 –1.36) in 
women current smokers. [4]

To determine the effects of smoking and smoking cessation on stroke, researchers analyzed the profiles 
of a multi–center prospective cohort of 26 607 Chinese from 1986 to 2000, with an average follow–up of 9.5 
years. [5] The results showed that the overall risk for all stroke types was 1.39 (95% CI 1.15–1.67) in current 
Chinese male smokers, which was mainly due to the increased risk of ischemic stroke [HR 1.49 (95% CI 
1.17–1.90)]. For male smokers who smoked more than 15 cigarettes per day and had a history of smoking for 
more than 25 years, the overall risks of both stroke and of ischemic stroke increased significantly. This study 
confirmed that smoking is an important risk factor of ischemic and hemorrhagic stroke in Chinese males.

(2) Changes in smoking behavior and the risk of death.
 A 35–year follow–up study on smoking was conducted on a cohort in Xi’an city of China. For the 

study’s first 18 years (1976–1994), the aim was to assess changes in smoking behavior. The relationships 

[1] He J, Gu DF, Wu XG, et al. Major Causes of Death among Men and Women in China. N Eng J Med. 2005,353: 1124–34.
[2] Wang W, Zhao D, Sun JY. A multi–province and city cohort study on cardiovascular disease risk factors and relative risks of 
different types of cardiovascular diseases. Chinese J of Cardiovascular Diseases, 2006;34(12):1133–1137.
[3] Zhou BF. Prospective study for characters of risk factors of cardiovascular diseases in Chinese population. Chinese J of 
Epidemiology, 2005,26(1): 58–61.
[4] Gu D, Kelly TN, Wu X, et al. Mortality attributable to smoking in China. N Engl J Med. 2009,360(2):150–9.
[5] Kelly TN, Gu D, Chen J,et al. Cigarette Smoking and Risk of Stroke in the Chinese Adult Population. Stroke. 2008 ,39(6):1688–93.
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between continuing to smoke or smoking cessation and mortality risk were then examined for an additional 
17 years (1994–2011).[1] Of the baseline current smokers, 38.7% quit smoking between 1976 and 1994. From 
1994 to 2011, a total of 488 persons died. Ever smokers had increased risks of lung cancer, coronary heart 
disease, thrombotic stroke, and COPD, with dose–response relationships. For all tobacco–related mortality, 
the relative risk for new quitters compared with continuing smokers was 0.68 (95% confidence interval: 
0.46, 0.99) for those who had quit 2–7 years previously and 0.56 (95% confidence interval: 0.37, 0.85) for 
those who had quit 8 years or more previously. The corresponding relative risks were 0.69 and 0.45 for lung 
cancer, 0.78 and 0.51 for coronary heart disease, 0.76 and 0.84 for thrombotic stroke, and 0.89 and 0.61 for 
COPD, respectively. Smoking increased tobacco–related deaths, and particularly deaths from COPD, in 
China, whereas quitting at middle age (at approximately 50 years of age) substantially reduced the risks of 
death from these causes.

2.2.3.2 Effect of Passive Smoking on Cardiovascular Morbidity and Mortality

Risks of cardiovascular morbidity and mortality increased in passive smokers. The result of a meta–
analysis based on 18 epidemiological studies indicated that passive smokers were associated with a 25% 
higher risk of cardiovascular morbidity (RR=1.25, 95% CI: 1.17–1.32).[2] 

(1) Health risks from exposure to secondhand smoke in Chinese restaurants and bars. [3]

Smoking is generally not regulated in restaurants or bars in China. A recent study aimed to assess the 
excess health risks and mortality rates attributable to secondhand smoke (SHS) exposure in restaurants 
and bars. Two approaches were used for the assessment. One was a continuous approach based on existing 
field measurements and the Repace and Lowrey’s dose–response model. The other was a categorical 
approach based on smoking exposure or not and epidemiological studies. Based on the continuous approach, 
restaurant servers were estimated to have a lifetime excess risk (LER) of lung cancer death (LCD) of 730 
to 1 831×10(– 6) for working five days a week for 45 years in smoking–allowed restaurants and 1 862 
to 8,136×10(– 6) in smoking–allowed bars. Additionally, patrons could have a LER of LCD of 47 to 
117×10(– 6) due to visiting smoking restaurants for an average of 13 minutes a day for 60 years, and 119 
to 522×10(– 6) due to visiting smoking bars. This resulted in 1 419 LCDs and 1 689 IHD deaths. The study 
showed that SHS exposure in restaurants and bars alone can impose high lifetime excess risks of lung cancer 
death and ischemic heart disease deaths to both servers and patrons, and can cause a significant number of 
deaths each year in China.(Table 2–2–6, Table 2–2–7)

[1] He Y, Jiang B, Li LS, et al. Changes in Smoking Behavior and Subsequent Mortality Risk During a 35–Year Follow–up of a 
Cohort in Xi’an, China. Am J Epidemiol. 2014,179(9):1060–70.
[2] Peter H Whincup, Julie A Gilg, Jonathan R Emberson, et al. Passive smoking and risk of coronary heart disease and stroke: 
prospective study with cotinine measurement. BMJ, 2004;329:200–205.
[3] Liu RL, Jiang Y, Li Q, et al. An assessment of health risks and mortality from exposure to secondhand smoke in Chinese 
restaurants and bars. Plos One, 2014, 9 (1): e84811.
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Table 2–2–6 Estimated Percentage of Total SHS Exposure Occurring in Different Types of Environments  
for Restaurant and Bar Servers and Patrons by Gender 

Male Female

SHS Exposure 
Rate（%）

Time Spent 
(minutes) % of SHS–time SHS Exposure 

Rate（%）
Time Spent 
(minutes) % of SHS–time

Severs

Homea 19.6% 380 14.4% 46.7% 493 37.0%

Workplacesb 95.0% 461 85.0% 95.0% 409 62.4%

Indoor Public 
Placesc 18.2% 17 0.6% 16.0% 23 0.6%

Patrons

Homea 19.6% 380 46.8% 46.7% 493 86.0%

Workplace 20.5% 324 41.7% 10.8% 234 9.5%

Indoor Public 
Placesc 18.2% 17 1.9% 16.0% 23 1.4%

Restaurants and 
Bars 95.0% 16 9.6% 95.0% 9 3.2%

Note: SHS exposure prevalence is the proportion of nonsmokers exposed to SHS;
    a. apeople were assumed to be exposed to SHS in residences only during waking hours;
    b. bfor servers, the work place was restaurants and bars, and 95% of Chinese restaurants and bars were assumed to allow smoking;
   c. cindoor public places were not included as restaurants and bars in this analysis. 

Table 2–2–7 Estimated Numbers of Lung Cancer Deaths and Ischemic Heart Disease Deaths Due to SHS 
Exposure in Restaurants and Bars Based on Excess Risk Assessment Methods 

Total Deaths 
among the 
Population 
(age >30)

Deaths 
Attributable to 

Smoking

deaths among 
Nonsmokers 

(age >30)

Deaths 
Attributable to 
Overall SHS 

Exposure

Deaths Attributable to SHS Exposure 
in Restaurants and Bars 

Workers Patrons Total

Male

LCD 240 136 130 085 34 419 7 800 28 743 771

IHD 379 430 127 634 76 301 7 060 19 673 692

Felmale

LCD 108 333 18 148 79 119 21 237 56 676 732

IHD 352 217 43 997 263 775 31 872 38 1 016 1 054

Total

LCD 348 469 148 234 113 538 29 038 84 1 419 1 503

IHD 731 647 171 630 340 076 38 932 57 1 689 1 746

Note: LCD: lung cancer death; IHD: ischemic heart disease.
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2.2.4 Disease Burden and Economic Burden Attributed to Tobacco Use

The economic burden of chronic diseases attributed to smoking and secondhand smoke exposure [1]

The investigators employed a cross–sectional questionnaire survey of 17 158 consenting adults aged ≥18 
years to determine the prevalence of smoking and exposure to SHS, as well as the direct and indirect costs 
of chronic diseases. A prevalence–based, disease–specific, attributable–risk approach was used to estimate 
the economic burden of chronic diseases attributable to both smoking and exposure to secondhand smoke 
(SHS) in 2011.The results demonstrated that, in the studied population, the rates of smoking and exposure 
to SHS were 73.1% and 38.2% for males, and 1.4% and 43.4% for females, respectively. The total costs of 
illness were $25.85 million for COPD, $18.80 million for asthma, $17.91 million for stroke, $264 million 
for hypertension and $17.11 million for peptic ulcer. (Table 2–2–8) The estimated costs attributable to 
smoking and exposure to SHS were $95.51 million and $79.35 million, accounting for 7.15% and 5.94% 
of local healthcare costs, respectively. Of the total costs of tobacco, direct costs were $94.66 million and 
indirect costs were $0.85 million for smoking, and $78.22 million and $1.13 million for exposure to SHS, 
respectively. Smoking contributed more costs to illnesses than exposure to SHS in men, whereas exposure to 
SHS contributed more costs to illnesses than smoking in women. (Table 2–2–9)

Table 2–2–8 Cost of Six Chronic Diseases (in USD) in Rural Southwestern China

Unit Cost Total (million)

Direct Medical Costs Direct 
Non–

medical 
Costs

Indirect 
Costs All Direct 

Costs
Indirect 
Costs

Direct 
+IndirectDiseases Clinic Hospitali–

zation
Self–

medication

COPD

  Male 83.10 1 618.10 267.87 115.01 21.12 2 105.20 18.09 0.18 18.27

  Female 61.88 835.59 219.50 51.72 23.41 1 192.20 0.68 0.01 0.70

  All 74.41 1 332.38 250.08 108.81 21.60 1 787.28 25.54 0.31 25.85

Asthma

  Male 28.93 787.37 183.11 196.92 49.16 1 245.49 9.64 0.40 10.04

  Female 24.10 662.90 191.00 169.65 86.38 1 134.03 7.36 0.61 7.96

  All 26.44 722.07 186.97 197.43 67.29 1 200.20 17.75 1.05 18.80

Coronary heart disease

  Male 42.30 1 928.42 353.88 31.91 14.52 2 371.03 21.91 0.14 22.05

  Female 30.62 1 052.52 248.61 59.37 39.11 1 430.23 15.47 0.43 15.91

  All 34.50 1 415.22 288.34 48.63 31.21 1 817.90 36.61 0.64 37.25

[1] Cai L, Cui W, He J,et al. The economic burden of smoking and secondhand smoke exposure in rural south–west China. J Asthma. 
2014,51:515–521.
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Table 2–2–8 Cost of Six Chronic Diseases (in USD) in Rural Southwestern China     (Continued) 

Unit Cost Total (million)

Direct Medical Costs Direct 
Non–

medical 
Costs

Indirect 
Costs All Direct 

Costs
Indirect 
Costs

Direct 
+IndirectDiseases Outpatient 

Visits
Hospitali–

zation
Self–

medication

Stroke

  Male 13.70 1 048.29 176.04 19.43 9.82 1 267.28 7.79 0.06 7.86

  Female 35.62 1 292.03 237.42 102.21 23.21 1 690.41 9.76 0.14 9.89

  All 34.50 1 171.91 208.73 60.03 19.32 1 486.21 17.68 0.23 17.91

Hypertension

  Male 13.70 1 005.50 165.28 24.77 4.76 1 220.10 156.70 0.61 157.32

  Female 35.63 693.5 129.3 82.39 17.90 946.19 111.93 2.16 114.08

  All 26.22 820.4 143.2 60.88 13.27 1 059.63 261.04 3.31 264.35

Peptic Ulcers

  Male 51.24 155.06 170.48 14.27 11.04 402.09 11.33 0.32 11.65

  Female 53.97 126.20 151.97 7.87 9.87 349.88 7.23 0.21 7.44

  All 52.32 101.37 163.41 12.07 10.52 339.69 16.58 0.53 17.11

All Diseases Combined

  Male – – – – – – 225.46 1.71 227.19

  Female – – – – – – 152.43 3.56 155.98

  All – – – – – – 377.89 5.27 383.17

Note: The total direct medical cost was estimated by multiplying the number of outpatient visits/ inpatient hospital admissions related to 6 kinds 
of disease linked to smoking by the outpatient/inpatient unit costs per year 

Table 2–2–9 Economic Costs of Smoking and Exposure to Secondhand Smoke (in USD)  
in Rural Southwestern China (Million USD)

Smoking Secondhand Smoking Exposure

Variables Direct 
Costs

Indirect 
Costs

Total Cost 
of Illness

% of Total 
Healthcare 
Expenditure

Direct 
Costs

Indirect 
Costs

Total Cost 
of Illness

% of Total 
Healthcare 
Expenditure

Male 92.65 0.80 93.45 6.99 50.16 0.44 50.60 3.79

Female 2.01 0.05 2.06 0.15 28.06 0.69 28.75 2.15

All 94.66 0.85 95.51 7.15 78.22 1.13 79.35 5.94
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2.3 Dyslipidemia
2.3.1 Blood Lipid Levels and Prevalence of Dyslipidemia in Adults

Studies conducted in the 1980’s to 1990’s showed [1,2,3,4] that serum total cholesterol (TC) levels and 
low–density lipoprotein cholesterol (LDL–C) levels were significantly lower in China’s population when 
compared to Western countries’ populations. In the past 30 years, the prevalence of dyslipidemia has 
increased substantially, with higher rates of dyslipidemia seen in people in developed regions, and in the 
elderly and middle–aged individuals. [5,6,7]

(1) Lipid levels of Chinese people
The average level of TC in Chinese individuals aged 18 and above is shown in Table 2–3–1. The results 

shown in the table are from an investigational study on Chinese residents’Nutrition and Health Survey 
(CNHS) in 2002 [8] and from a survey report of Chinese non–communicable disease in 2010 [9] examining 
mean serum TC levels of Chinese adults. Mean TC levels of all groups were found to have significantly 
increased in 2010.

Table 2–3–1 Mean TC Levels (mmol/L) among Adults (China: 2002, 2010)

　
　

2002 2010
Men Women Men Women

Total 3.81 3.82 4.06 4.03

  Urban Areas 3.96 3.96 4.09 4.07

  Rural Areas 3.75 3.76 4.04 4.01

Ages (Years)

18–44 3.77 3.64 3.95 3.78

45–59 4.03 4.14 4.24 4.34

≥60 4.06 4.36 4.17 4.49

Note: The numbers in this figure had been complex weighted.

[1] Tao SC, Li YH, Xiao ZK et al. Serum lipids and their correlates in Chinese urban and rural populations of Beijing and 
Guangzhou. Inter J Epidemiol,1992,21 (5):893–903.
[2] The WHO MONICA Project. Geographical variation in the major risk factors of coronary heart disease in men and women aged 
35–64 years. World Health Statistics,1988,41(3/4):115–140.
[3] Wu ZS, Yao CH, Zhao D, et al. Multi provincial monitoring of trends and determinants in cardiovascular diseases (Sino–

MONICA project). Chinese J of Cardiology, 1997,25(4):255–259.
[4] Zhou BF, Zhang HY, Wu YF, et al. Ecological analysis of the association between incidence and risk factors of coronary heart 
disease and stroke in Chinese population. CVD Prevention,1998,1(3):207–216.
[5] The Collaborative Study Group on Trends of Cardiovascular Diseases in China and Preventive Strategy. Current status of major 
cardiovascular risk factors in Chinese population and their trend in the past two decades. Chinese J of Cardiology, 2001,29(2):74–79.
[6] He J, Gu D, Reynolds K et al. Serum total and lipoprotein cholesterol levels and awareness, treatment, and control of 
hypercholesterolemia in China. Circulation,2004,110(4):405–411.
[7] Yang WY, Xiao JZ, Yang ZJ, et al. Serum lipids and lipoproteins in Chinese men and women. Circulation,2012,125: 2212–2221.
[8] Zhang J, Man QQ, Wang CR, et al. Level and distribution characteristics of blood lipid among Chinese aged more than 18. 
Chinese J of Preventive Medicine, 2005,39(5):302–305.
[9] Li JH, Mi SQ, Li YC, et al. The levels and distribution of serum lipids in Chinese adults, 2010. Chinese J of Preventive Medicine, 
201,46(7):607–612.
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An international collaborative survey on cardiovascular diseases in Asia (InterAsia) from 2000 to 2001 
and the China Diabetes Mellitus and Metabolic Disorder Study (CNDMDS) 2007 to 2008 investigated mean 
levels of blood lipids among populations in several provinces and cities. Results from these two studies are 
shown in Table 2–3–2.

Table 2–3–2 Mean Blood Lipid Level Results from a Multi–center Survey in China

Year Study Population Sample 
Size Mean 

Blood Iipid Level（mmol/L）
TC LDL–C HDL–C TG

2000–2001 InterASIA 10 provinces and cities, 
urban/rural areas, 35–74y 15 540

Men 4.76 2.80 1.32 1.46

Women 4.86 2.86 1.36 1.43

2007–2008 CNDMDS 14 provinces and cities, 
urban/rural areas,≥ 20y 46 239

Men 4.70 2.68 1.25 1.71

Women 4.73 2.69 1.35 1.42

Note: Standardized by age.

The CNHS survey [1] demonstrated that the prevalence of dyslipidemia (defined as meeting at least one of 
the following: TC≥5.72mmol/L, TG≥1.70mmol/L, or HDL–C<1.04mmol/L) in adults was 18.6%. The 
number of individuals with dyslipidemia in China reached 200 million in 2007. 

Disparities in dyslipidemia prevalence rates also exist between different genders, regions and ages. The 
prevalence of either borderline high TC (5.20–5.71mmol/L) or high TC (≥5.72mmol/L) was substantially 
higher in people over 45 years old than in those aged 18 to 44; these rates were also higher in urban regions 
than in rural regions (Figure 2–3–1). A study in 2010 [2] showed significantly higher prevalence of high TC 
(TC≥6.22mmol/L) in urban than in rural areas, as well as higher rates in eastern areas  than in western 
or central areas. Males aged 45 to 59 and females aged 45 had the highest prevalence of high TC. The 
prevalence of high TC (TC≥2.26mmol/L) was significantly higher in males than in females. (Table 2–3–3)

 

0

Figure 2–3–1 Prevalence of Elevated TC in Chinese Aged 18 and Over

[1] Zhao WH, Zhang J, You Y, et al. Epidemiologic characteristics of dyslipidemia in people aged 18 years and over in China. 
Chinese J of Preventive Medicine, 2005,39(5):306–310.
[2] Li JH, Wang LM, Li YC, et al. Epidemiologic characteristics of dyslipidemia in Chinese adults in 2010. Chinese J of Preventive 
Medicine, 2012,46(5):414–418).
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Table 2–3–3 Prevalence of Dyslipidemia among Adults (China: 2010) (%)

Groups 
TC≥6.22mmol/L TG≥2.26mmol/L

Men Women Men Women

Total 3.4 3.2 13.8 8.6

Urban 4.1 4.3 15.7 8.5

Rural 3.0 2.7 13.0 8.7

Geography East 4.2 4.3 13.8 8.1

Center 2.5 2.2 14.1 9.3

West 3.4 2.8 13.6 8.6

Age Groups 18–44 3.0 1.3 14.1 5.8

45–59 4.5 5.0 16.1 12.2

　 ≥60 2.9 6.9 8.7 12.9

Note: The numbers in this figure had been weighted complexly. 

The InterAsia and CNDMDS surveys illustrated the prevalence of dyslipidemia in the Chinese population 
(Table 2–3–4). CNDMDS demonstrated that the prevalence of borderline high TC (5.18–6.21mmol/L) and 
high TC (≥6.22mmol/L) were both greater in women than in men. (Figure 2–3–2)

Table 2–3–4 Prevalence of Dyslipidemia in China (%)

Year Study Population Sample 
Size

Prevalence Rate of Dyslipidemia %

Category Male Female

2000–2001 InterASIA
10 provinces and 
cities, urban/rural 
areas, 35–74 y

15 540

Borderline high TC 23.5 24.1

High TC 7.9 10.2

Borderline high LDL–C 16.4 17.5

High LDL–C 4.9 5.4

Severely high LDL–C 2.3 3.2

Low HDL–C 22.1 16.2

2007–2008 CNDMDS
14 provinces and 
cities, urban/rural 
areas, over 20 y

46 239

Borderline high TC 22.6 22.4

High TC 8.7 9.3

Borderline high LDL–C 13.6 14.2

High LDL–C 3.5 3.5

Severely high LDL–C 3.1 3.0

Low HDL–C 27.1 17.5

Note: Borderline high TC (5.18–6.21mmol/L) , High TC (≥6.22mmol/L), Borderline high LDL–C (3.37–4.13mmol/L) , High LDL–C (4.14–
4.91mmol/L), Severely high LDL–C (≥4.92mmol/L) 
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Figure 2–3–2 Prevalence (%) of High TC in CNDMDS among Different Genders and Age Groups

2009 CHNS[1] investigated the prevalence of high TC (≥5.18mmol/L), high LDL–C (≥3.37mmol/L), 
high TG (≥1.70mmol/L) and low HDL–C (<1.04mmol/L for males, <1.30mmol/L for females, <1.04mmol/
L for children) among 9 244 individuals aged 7 and over in 228 sites, the results are shown in Figure 2–3–3. 

>

 

 

Figure 2–3–3 Prevalence of Dyslipidemia by Gender and Age

[1] Yan S, Li J, Li S, et al. The Expanding Burden of Cardiometabolic Risk in China: the China Health and Nutrition Survey. Obes 
Rev,2012,13(9):810–821.
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In 2012, a sampling survey was conducted in seven cities in Xinjiang district, involving subjects aged 35 
and over [1] . Table 2–3–5 shows the age–standardized prevalence of dyslipidemia base on the the population 
data of Xinjiang from a national census in 2002.

Table 2–3–5 Age–standardized Prevalence of Dyslipidemia of 3 Ethnic Groups in Xinjiang (%)

Ethnic Group Number of Subjects 
(Men/Women) High TC High TG Low HDL–C

Han 5 544（2675/2869） 27.8 35.1 32.7

Wei 4 587（1955/2632） 17.0 32.6 31.7

Ha 3 915（1984/2021） 33.4 16.4 28.7

2.3.2 Prevalence of Dyslipidemia among Children and Adolescents

In the China National Nutrition and Health Survey of 2002 [2] , the prevalence of high cholesterol 
(TC≥220mg/dl or 5.72mmol/L) was 0.8% (1.4% in urban area, 0.6% in rural area) among children and 
adolescents (from 3 to 17.9 years old). For this same study population, the prevalence of high triglycerides 
(TG≥150mg / dl or 1.70 mmol/L) was 2.8% (2.5% in urban area, 2.9% in rural area). The prevalence of 
high LDL–C (≥3.37mmol/L), high TG (≥1.70mmol/L) and low HDL–C (<1.04mmol/L) among males 
and females aged 7 to 18 in the 2009 CHNS [3] is shown in Figure 2–3–3.

The results from a dyslipidemia prevalence survey in Beijing, Guangzhou and other areas from 1987 to 
2007 are summarized in Table 2–3–6 [4,5,6] . A 2007 survey among children in Beijing demonstrated that [7] 

 the prevalence rate of dyslipidemia in obese children (TC≥5.20mmol / L or TG≥1.70mmol / L) was 
significantly higher than that of non–obese children (Figure 2–3–4).

[1] Li Y, Ma YT, Yu ZY, et al. Epidemiologic characteristics of dyslipidemia in Han, Uighur and Kazak in Xinjiang district. Chinese 
J of Preventive Medicine, 2012,33(6):567–571.
[2] Zhao WH, Zhang J, Li Y. Report of Chinese nutrition and health status: blood lipid. 2002.
[3] Yan S,Li J,Li S,etal. The expanding burden of cardiometabolic risk in China: the China Health and Nutrition Survey. Obes 
Rev,2012,13(9):810–821.
[4] Li JZ, Niu QT, Li PY, et al. Study of blood lipid and lipoprotein among infants and adolescents. Peking Medicine,1987, 
9(6):346–349.
[5] Ma WJ, Xu YJ, Fu CX, et al. A cross sectional survey on serum lipid level and its influencing factors in children aged 3–14 years 
in Guangdong province, Chinese J of Cardiology,2005,33(10):950–955.
[6] Liu Y, Mi J, Du JB, et al. A survey on dyslipidemia of 6–18–year old children in Beijing area. Chinese J of Practical Pediatrics. 
2007;22(2):101–102.
[7] Yan H, Mi J, Liu Y, et al. Screening for dyslipidemia based on family history and obesity in children. J of Peking university (health 
science), 2007;39(6):591–594.
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Table 2–3–6 Prevalence of Dyslipidemia (%) in Children and Adolescents by District and Year
District Publish year Age(y) Sample Size High TC High TG

Beijing City[1] 1987 7–19 1 201 1.3 4.2

Guangdong Province#[2] 2005 3–14 6 188 2.1 2.2

Beijing City#[3] 2007 6–18 City 9 978 1.6 9.5
Suburb 9 523 0.8 8.1

Note: High TC: TC≥200mg/dl(5.17mmol/L), High TG: TG≥150mg/dl(1.70mmol/L); # Fasting peripheral blood test.

 

Non-obese

No Family History

Non-obese with

Family History

Obese
No Family History

Obese with

Family History

Figure 2–3–4 Prevalence of Dyslipidemia in Children by Obesity and Family History

A 2010 sampling survey of 20 191 children and adolescents of ages 7–16 years from Beijing, Tianjin, 
Hangzhou, Shanghai, Chongqing, and Nanning (10 669 males, 9 522 females) revealed that the 95th 
percentile values were 5.15 mmol/L and 5.25 mmol/L for TC; 2.97 mmol/L and 3.09 mmol/L for LDL–C; 
1.68 mmol/L and 1.73 mmol/L for TG; and 3.68 mmol/L and 3.77 mmol/L for non–HDL–C. The survey also 
demonstrated that the 5th percentile values for HDL–C were 0.94 mmol/L for males and 0.97 mmol/L for 
females. The prevalence rate of dyslipidemia in the obese group was significantly higher than in the non–
obese group (p < 0.01). [4] 

Three cross–sectional studies were conducted in Beijing in 2004, 2007 and 2013 among adolescents aged 
7 to 17 [5]. The studies demonstrated that the prevalence rates of dyslipidemia and high TG were significantly 
higher in severely obese children than that in slightly to moderately obese children (p < 0.05). Additionally, 
the study found that the prevalence rates of dyslipidemia, high TG and low HDL–C in obese children have 
increased in the past ten years (p < 0.05) (Table 2–3–7).

[1] Li JZ, Niu QT, Li PY, et al. Study of blood lipid and lipoprotein among infants and adolescents. Peking Medici
ne,1987,9(6):346-349.           
[2] Ma WJ, Xu YJ, Fu CX, et al. A cross sectional survey on serum lipid level and its influencing factors in children aged 3-14 years 
in Guangdong province, Chinese J of Cardiology,2005,33(10):950-955.
[3] Liu Y, Mi J, Du JB, et al. A survey on dyslipidemia of 6-18-year old children in Beijing area. Chinese J of Practical Pediatrics. 
2007;22(2):101-102。
[4] Zhu JF, Liang L, Fu JF, et al. Survey on the levels of lipids in school–aged children of Beijing, Tianjin, Hangzhou, Shanghai, 
Chongqing and Nanning cities. Chinese J of Epidemiology,2012, 33(10): 1005–1009.
[5] Yan YK, Hou DQ, Duan JL, et al. Trends on the prevalence rates of obesity and cardiometabolic abnormality among children and 
adolescents in Beijing during 2004-2013. Chinese J of Epidemiology. 2014,35(4): 370-375.
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Table 2–3–7 Obesity Levels and Prevalence Rate of Dyslipidemia in  
Children in Different Time Periods (%) 

2004 2007 2013
Slight–

moderate 
Obesity

Severe 
Obesity

Slight–
moderate 
Obesity

Severe 
Obesity

Slight–
moderate 
Obesity

Severe 
Obesity

Dyslipidemiaa 34.9 43.8b 34.3 45.4b 43.0 52.2b

High TC 7.1 8.6 8.7 15.6 8.6 9.7

High LDL–C 13.4 15.8 4.9 8.4 7.2 10.1

High TG 14.2 19.6b 15.6 22.7b 21.8 31.6b

Low HDL–C 17.8 21.0 19.1 23.4 26.3 30.6

a: According to standard recommended by expert consensus on preventing children–adolescent dyslipidemia, High TC: TC≥5.18mmol/L; High 
LDL–C: LDL–C≥3.37mmol/L, High TG: TG≥1.70mmol/L; Low HDL–C: HDL–C<1.04mmol/L

b: severely obese children had signficantly higher prevalence rates for all variables than did slight–middle obese children P<0.05

2.3.3 Effect of Dyslipidemia on Cardiovascular Diseases

Dyslipidemia is one of the vital risk factors in China for cardiovascular diseases. Multiple prospective 
cohort studies in China have shown that elevated blood serum TC / LDL–C or decreased HDL–C can 
increase the risk of cardiovascular diseases. At the same time, other studies have shown a predicted value of 
high non–HDL–C, VLDL–C, and TG for cardiovascular diseases. (Table 2–3–8)

Table 2–3–8 Blood Lipid Levels and The Risk of Cardiovascular Diseases  
in Chinese Cohort Studies (RR, 95%CI)

Study Sample 
Size

Follow–
up(y) Endpoint Blood Lipid and Classification（mmol/L）

TC<5.18 5.18–5.67 5.70–6.19 ≥6.22

Sino–USA 
Collaborative  
Study on 
Epidemiology of 
Cardiovascular 
Diseases[1]

11 155 15.1
Ischemic 

cardiovascular 
disease

1 1.2（0.9–1.6） 1.7（1.2–2.3） 1.7（1.2–2.3）

Cohort Study on 
Cardiovascular 
Diseases in 
Multiple Cities[2]

29 564 8.4 1
1.3

（1.0–1.6） 1.3（1.0–1.8） 1.6
（1.2–2.1）

LDL–C
<3.37 3.37–4.12 4.14–4.90 LDL–C≥4.92

Sino–USA 
Collaborative  
Study on 
Epidemiology of 
Cardiovascular 
Diseases[3]

11 155 15.1 1
1.4

（1.1–1.8） 1.5（0.9–2.3） 1.5
（0.8–2.8）

[1] Wu YF, Zhao D, Zhou BF, et al. Cutoffs and stratification of dyslipidemia in Chinese adults. Chinese J of Cardiology, 2007; 35(5): 
428–433.
[2] Same[1].
[3] Same[1].
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Study Sample 
Size

Follow–
up(y) Endpoint Blood Lipid and Classification（mmol/L）

Prospective 
Cohort Study on 
Cardiovascular 
Diseases in 
Multiple Cities [1]

29 564 8.4 1
1.3

(1.0–1.6)
1.4

(1.0–2.0)
2.0

(1.4–2.9)

Collaborative 
Epidemiological 
Research among 
Multiple Centers 
in China [2]

17 330 6.4
Ischemic 
Cardiovascular 
Disease

TC<5.7 TC≥5.7

1 2.0(1.5–3.7)

Cohort Study on 
Male Employees 
of the Capital 
Iron and Steel 
Company [3]

5 137 20.8
Myocardial 
Infarction

TC <4.7 
mmol/L

TC 4.7–5.1 TC5.2–5.6 TC5.7– 6.1 TC ≥ 6.2

1.70
（1.03–2.82）

1.95
（1.14–3.32）

2.76
（1.54–4.95）

3.69
（2.18–6.24）

Long Term 
Follow–up of 
Cohort Ftudy 
on the Elderly 
Population [4]

1211 11.2
Coronary Heart 

Disease

LDL–C 
（mmol/L）

HDL–C
（mmol/L）

1
1.55

（1.32–1.81） 1
0.69 

（0.57–0.82）

HDL–C
 ≥1.0 HDL–C< 1.0

Prospective 
Cohort Study on 
Cardiovascular 
Diseases in 
Multiple Cities[5]

30 378 6.6

Acute Coronary 
Event

1
1.39

（1.00–1.92）

Ischemic 
Stroke

1
1.45

（1.15–1.83）

TG<0.81 TG0.81–1.14 TG1.15–1.59 TG≥1.60

Prospective 
Cohort Study on 
Cardiovascular 
Diseases in 
Multiple Cities[6]

30 378 12
Acute Coronary 

Event
1

1.175 
（0.74–1.87）

1.81
（1.18–2.78）

1.58
（1.03–2.45）

Non–
HDL–C
<3.88

Non–HDL–C
3.88–4.38

Non–HDL–C
 4.39–4.90

Non–HDL–C
≥4.91

[1] Wu YF, Zhao D, Zhou BF, et al. Cutoffs and stratification of dyslipidemia in Chinese adults. Chinese J of Cardiology, 2007; 35(5): 
428–433.
[2] Zhou BF. Prospective study for characters of risk factors of cardiovascular diseases in Chinese population. Chinese J of 
Epidemiology, 2005,26(1): 58–61
[3] Yue H, Gu D, Wu Y, et al. A 20–year prospective study on risk factor of myocardial infarction of 5137 men in Capital Steel and 
Iron Company. Chinese J of Preventive Medicine, 2004, 38(1): 43–46.
[4] Li J, Chen M, Wang Yu, et al. A long–term follow–up study of serum lipids and cardiovascular disease in the elderly. Chinese J of 
Cardiology, 2002; 30(11): 647–650. 
[5] Wang W, Zhao D, Sun GY, et al. Risk factors comparison in Chinese patients developing acute coronary syndrome, ischemic or 
hemorrhagic stroke: A multi–provincial study. Chinese J of Cardiology, 2006. 34(12): 1133–1137. 
[6] Wang M, Zhao D, Wang W, et al. Serum triglyceride is an independent risk factor for acute coronary heart disease events in 35–64 
years old Chinese–Chinese provincial cohort study. Chinese J of Cardiology, 2008. 36(10): 940–943.
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Study Sample 
Size

Follow–
up(y) Endpoint Blood Lipid and Classification（mmol/L）

Sino–USA 
Collaborative  
Study on 
Epidemiology of 
Cardiovascular 
Diseases [1]

10 222 15.9
Ischemic 

Cardiovascular 
Disease

1
1.44

（1.07–1.94）
1.81

（1.26–2.60）
1.53

（1.06–2.22）

Non–
HDL–C
<3.37

Non–HDL–C
3.37–4.13

Non–HDL–C
4.14–4.91

Non–HDL–
C≥4.92

Prospective 
Cohort Study on 
Cardiovascular 
Diseases in 
Multiple Cities[2]

29 937 12
Acute Coronary 

Event
1

1.24
（0.91–1.70）

1.78
（1.25–2.53）

2.23
（1.48–3.35）

Ischemic 
Stroke

1 1.34(1.07–1.68) 1.38
（1.04–1.83）

1.38
（0.97–1.94）

A study on male employees in the Capital Iron and Steel Company recruited 1 464 patients initially 
diagnosed with hypertension to be followed for an average of 20.8 years. The study found that baseline 
serum TC levels (<5.17 mmol/L, 5.17–5.68 mmol/L, 5.69–6.20 mmol/L , 6.21–6.71 mmol/L, and≥6.72 
mmol/L) linearly increased the relative risks of myocardial infarction [1.0,1.21 (0.55 – 2.67), 2.39(1.05 – 
5.47), 3.38(1.43 – 8.03), 3.95(1.72 – 9.03)] (P<0.001).[3]

2.3.4 Prevention and Control of Dyslipidemia in China

Awareness and treatment rates of dyslipidemia among community citizens remain low, though the status 
of blood lipid management and control has improved among in–patients. 

(1) Community surveys
Data from the 2002 China Community Nutrition and Health Survey showed that the awareness rate 

among adults (≥18 years of age) with dyslipidemia (at least met one of the following disorders: TC≥5.72 
mmol/L and/or TC≥1.70 mmol/L and/or HDL–C <0.91 mmol/L) was only 3.2% (3.4% among males, 2.7% 
among females). The rate of ever taking lipid examination was 6.4%. [4] Awareness rate and examination 
rate among middle–aged and elderly populations were clearly higher than among younger groups and 

[1] Li Y, Chen ZH, Zhou BF, et al. The predictive effects of lipids and lipoproteins on the incidence of ischemic cardiovascular diease 
in middle–aged Chinese population. Chinese J of Cardiology, 2004, 32(7): 643–647.
[2] Ren J, Zhao D, Liu J, et al. Correlation between non–HDL–C level and risk of cardiovascular disease. Chinese J of Cardiology, 
2010, 38(10): 934–938. 
[3] Li JX, Cao J, Lu XF, et al. The effect of total cholesterol on myocardial infarction in Chinese male Hypertension population. 
Biomedical and Environmental Sciences, 2010; 37–41)
[4] Zhao WH, Zhang J, Li Y. Survey Report on the Status of Nutrition and Health of the Chinese People: Series Four. 2002, Blood 
lipid.
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higher in cities than in rural areas (Figure 2–3–5 and 2–3–6). The InterAsia [1] and CNDMDS [2] studies both 
independently surveyed of the Chinese population to determine awareness, treatment, and control rates for 
hypercholesterolemia (Table 2–3–9).

 

Figures 2–3–5 Dyslipidemia Awareness Rates among Chinese Adults
 

Figures 2–3–6 Blood Lipid Examination Rates among Chinese Adults

Table 2–3–9 Awareness, Treatment, and Control Rates of Hypercholesterolemia (%)

Year Study Age (y)
Male Female

TC≥6.22 TC≥5.18 TC≥6.22 TC≥5.18

2000–2001 InterASIA 35–74
Awareness 21.3 8.8 18.1 7.5

Treatment 14.0 3.5 11.6 3.4

Control 11.3 1.9 9.5 1.5

2007–2008 CNDMDS ≥20

Awareness 27.6 12.8 20.7 9.3

Treatment 21.4 6.1 14.0 4.1

Control 18.3 3.3 11.2 2.2

Treatment–control 
rate 88.1 52.1 78.4 55.4

[1] He J, Gu D, Reynolds K, et al. Serum total and lipoprotein cholesterol levels and awareness, treatment, and control of 
hypercholesterolemia in China. Circulation, 2004, 110(4): 405–411.
[2] Yang WY, Xiao JZ, Yang ZJ, et al. Serum lipids and lipoproteins and Chinese men and women. Circulation, 2012, 125: 2212–

2221.
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Survey results on rates of dyslipidemia prevalence (Serum TC≥6.22 mmol/L and/or LDL–C≥4.14 
mmol/L，and/or HDL–C < 1.04 mmol/L and/or TG≥2.26 mmol/L，and/or under blood–lipid lowering 
therapy), dyslipidemia awareness (diagnosed as dyslipidemia by doctors in self–report), dyslipidemia 
treatment (administrating blood–lipid lowering agents) and dyslipidemia control (TC <6.22 mmol/l, LDL–
C < 4.14 mmol/l, HDL–C ≥1.04 mmol/l), among community citizens in different regions are displayed in 
Table 2–3–10. [1,2]

 Table 2–3–10 Awareness, Treatment and Control Rates of Dyslipidemia among  
Community Citizens in Different Regions (%)

Region Year Population
Dyslipidemia (%)

Awareness Treatment Control

Uygur Autonomous 
Region 2007–2010 7 cities，≥ 35y, 

14 618 subjects

Han 53.7 22.5 17.1

Uygurs 42.2 27.8 16.2

Kazak 37.0 21.1 17.8

Jilin Province 2012 9 cities，18–79y,
17729 subjects

Male 10.8 7.6 30.9

Female 12.5 9.2 38.2

(2) In–patient surveys
The results from multi–center surveys on the clinical control of blood lipid levels from 2000 onwards are 

shown in Table 2–3–11.

Table 2–3–11 Treatment and Control Rates of Hypercholesterolemia in China (%)

Year Study Sites Population 
Characteristics

Sample 
Size

Dyslipidemia Control Status
Statin 

Treatment Rate
Rate of Reaching LDL–C 

Target (%)

2000

Study of Current 
Status on Clinical 
Control of 
Hypercholesterolemia 
in China[3]

More than 20 
tertiary and 
secondary 
hospitals in 
> 10 cities

Dyslipidemia

2 136 26.5*

2006

Study of Current 
Status on Clinical 
Control of 
Hypercholesterolemia 
in China[4]

2 237 34** 50***

[1] Luo JY, Ma YT, Yu ZX, et al. Prevalence, awareness, treatment and control of dyslipidemia among adults in Northwestern China: 
the cardiovascular risk survey. Lipids in Health and Disease.2014, 13:4.
[2] He H, Yu YQ, Li Yong, et al. Dyslipidemia awareness, treatment, control and influence factors among adults in the Jilin province 
in China: a cross–sectional study. Lipids in Health and Disease.2014, 13:122. 
[3] The current status on clinical control of hypercholesterolemia in China collaborative research group. A multi–center study of 
current status on clinical control of hypercholesterolemia in China: success rate and related factors. Chinese J of Cardiology, 2002, 
30(2): 109–104.
[4] The collaborative research group for the second multi–center survey of clinical management of Dyslipidemia in China. The 
second multi–center survey of dyslipidemia management in China: goal attainment rate and related factors, Chinese J of Cardiology, 
2007,35(5): 420–427.
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Year Study Sites Population 
Characteristics

Sample 
Size

Dyslipidemia Control Status
Statin 

Treatment rate
Rate of Reaching LDL–C 

Target

2008
The China Cholesterol 
Education Program
（CCEP）

[1]

52 centers in 6 
provinces and 
cities

CHD（high risk, 
very high risk）

4 778 82.2% 36.2%** 42.2%**+ ，
10.9%**++

2007–2009

Use of secondary 
preventive medications 
in patients with 
atherosclerotic 
disease in urban China[2]

51 hospitals 
in 14 cities 

Atherosclerosis 16 860 47%

2009

Clinical Pathways 
for Acute Coronary 
Syndromes in China
（CPACS study）

[3]

51 hospitals in 
14 cities 

Atherosclerosis 2 901

80.4%
（discharge）,
65.8%
（follow–up 
in 6m），59.4%
（follow–up 
in 12m）

2009
Management status 
of type 2 diabetes 
mellitus [4]

6 tertiary 
hospitals in 
Beijing

type 2 diabetes 
mellitus

1 151 34.0%（#）

2010

Survey of achieving 
recommended lipid 
goals in Chinese 
patients with coronary 
artery disease [5]

6 large 
center of 
cardiovascular 
diseases

CHD（in–
patient and out 
patient）

2 436 96.7%
67%
（<100mg/
dl）

38%
（<70mg/dl）

2011

Management and 
attainment of 
cholesterol targets 
for patients with 
dyslipidemia in China.
（The Reality China 
survey）

[6]

84 hospitals in 
19 provinces 

Dyslipidemia 12 040

39%（blood–
lipid lowering 
therapy， 
94.5% with 
statins）

25.8%**

（all）

19.9%**
（high 

risk），
21.1%**

（very 
high risk）
 

[1] Hu DY, Li J, Li XK for CCEP. Investigation of blood lipid levels and Statin Interventions in outpatients with coronary heart 
disease in China—The China Cholesterol Education Program (CCEP).Circ. 2008,72:2040–2045.
[2] Li J, Chen YP, Li X, et al. Use of secondary preventive medications in patients with atherosclerotic disease in urban China: a 
cross–sectional study of 16 860 patients Chin Med J. 2012,125 (24):4361–4367.
[3] Bi YF, Gao RL, Patel A et al. Evidence–based medication use among Chinese patients with acute coronary syndromes at the time 
of hospital discharge and 1year after hospitalization: Results from the Clinical Pathways for Acute Coronary Syndromes in China 
(CPACS) study. Am Heart.2009,157:509–516.
[4] Li MZ, Ji LN, Meng ZL,et al. Management status of type 2 diabetes mellitus in tertiary hospitals in Beijing: gap between 
guideline and reality. Chin Med J. 2012; 125 (23): 4185–9.
[5] Guo YL, Liu J, Li JJ, et al. A multi–center survey of achieving recommended lipid goals in Chinese patients with coronary artery 
disease in real world cardiovascular practice. Int J Cardio, l2011,153(2)211–212 ,   
[6] Gao F, Zhou YJ, Hu da Y, et al. Contemporary management and attainment of cholesterol targets for patients with dyslipidemia in 
China. PLoS One.2013; 8(4) : e47681.
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Year Study Sites Population 
Characteristics

Sample 
Size

Dyslipidemia Control Status
Statin 

Treatment rate
Rate of Reaching LDL–C 

Target

2012 

Dyslipidemia 
International Study–
China [1]

（DYSIS–
China）

122 centers

Dyslipidemia 
with metabolism 
syndrome

25 317 88.9%

46.9%（LDL–
C**

）
52.2%（LDL–
C***

）

Dyslipidemia 
without 
metabolism

68.6%（LDL–
C**

）
67.1%（LDL–
C***

）

*：According to the criteria of《2007 Prevention and treatment suggestion on dyslipidemia》, **：According to the criteria of American NCEP 
ATP Ⅲ in 2004,***：According to the criteria of《2007 Prevention and treatment suggestion on dyslipidemia for Chinese adults》, #：According to 
the criteria of 《2007 Chinese Guideline on type 2 diabetes mellitus》（CGT2D）, +：LDL–C target 2.59mmol/L, ++：LDL–C target 1.82mmol/L。

The Dyslipidemia International Study–China (DYSIS–China) studied 25 697 patients undergoing blood–
lipid lowering therapy in 2012. The study demonstrated that 38.5% of participants did not attain the LDL–
C target level. Subjects with low risk were more likely than those with very high and high risk to be at target 
TC, LDL–C or non LDL–C target levels. (Table 2–3–12) [2] 

Table  2–3–12 Different Cardiovascular Risk Stratification and Lipid Non–attainment  
Rates in DYSIS–China Study *（%）

Control of Dyslipidemia
Risks Stratification of Cardiovascular Diseases

All Very high 
Risk High Risk Middle Risk Low Risk

TC non–attainment 51.2 84.1 57.9 42.2 12.0

LDL–C non–attainment 38.5 60.3 45.2 26.6 8.8

Non HDL–C non–attainment 35.9 52.0 41.2 31.0 10.4

LDL–C、non HDL–C non-attainment 29.7 47.9 35.1 19.8 5.6

* According to the criteria of《2007 Prevention and treatment suggestion on dyslipidemia for Chinese adults》

(3) Studies on the safety of combined lipid–lowering therapy
A randomly controlled clinical trial studied on the efficacy of using a niacin–controlled release tablet to 

prevent cardiovascular events in high–risk patients (HPS2–THRIVE randomized placebo–controlled trial). 
The study recruited 25 673 patients with occlusive arterial disease who were all treated with simvastatin 
40mg/d. Subjects in the intervention group also received niacin(2g) / laropiprant (40mg) controlled–release 
tablets，while a placebo tablet was given to the control group. The myopathy rate in the intervention group 
was higher than in the control group, and myopathy was more common in a 3.9–year follow–up among 
subjects in the intervention group [138 cases in intervention group (0.66% / year), 27 cases in the control 
group (0.13% / year)]. In summary, the study showed that adding niacin (2g) / laropiprant (40mg) controlled–
release tablets to simvastatin 40 mg/d increased the risk of myopathy. Even when only simvastatin was 

Table 2–3–11 Treatment and Control Rates of Hypercholesterolemia in China (%)    (Continued) 

[1] Wang F, Ye P, Hu DY et al. Lipid–lowering therapy and lipid goal attainment in patients with metabolic syndrome in China: 
Subgroup analysis of the Dyslipidemia International Study–China (DYSIS–China). Atherosclerosis, 2014,237: 99–105.
[2] Zhao S, Wang Y, Mu Y,et al.Prevalence of dyslipidaemia in patients treated with lipid–lowering agents in China: results of the 
DYSlipidemia International Study (DYSIS). Atherosclerosis, 2014, 235(2):463–9.
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administered, the myopathy rate was still high in Chinese participants. [1]

2.4 Diabetes
2.4.1 Prevalence of Diabetes

The 2010 China Chronic Disease Survey (CCDS), published in September 2013, reported the prevalence 
of diabetes and prediabetes, as well as the control rate of diabetes in China [2]. Its results were based on the 
data from 162 local disease control centers scattered throughout the 31 provinces in 2010, with a sample size 
of 98 658 Chinese adults aged over 18 years, for whom HbA1c, fasting blood glucose (FBG), and 2–hour 
postprandial blood glucose were measured. The latest diabetic diagnosis criteria from the ADA was used 
during patient screening (American Diabetes Association) [3]. This survey investigated the current status of 
diabetes prevention and control, which included the awareness, treatment, and control rates of diabetes.

Diabetes was defined as (1) self–reported diabetes with a confirmed diagnosis by the professionals; (2) 
the FBG equal to or greater than 126 mg/dl; (3) 2 hours postprandial blood glucose is equal to or greater 
than 200 mg/dl; (4) the HbA1c is equal to or greater than 6.5%. Awareness rate was defined as the proportion 
of patients who reported having been diagnosed with diabetes by physicians among those with diabetes. 
Treatment rate was defined as the proportion of diabetes patients under hypoglycemic treatments. Control 
rate was defined as the proportion of treated diabetic patients with HbA1c of less than 7.0% among those 
under treatment.

Prediabetes was defined as (1) FBG 100–125 mg/dl; (2) 2 hours postprandial blood glucose 140–199 mg/
dl; or (3) HbA1c 5.7%–6.4%; and no previous history of diabetes mellitus.

The prevalence rate of diabetes was estimated to be 11.6% in Chinese adults (12.1% in males, and 11.0% 
in females); the prevalence rate of newly diagnosed diabetes was 8.1% (8.5% in males, and 7.7% in females); 
and the prevalence rate of previous diabetes was estimated to be 3.5% (3.6% in males, and 3.4% in females). 
For both genders, the prevalence rate of diabetes was higher in urban than in rural areas (Table 2–4–1, Figure 
2–4–1). The prevalence of diabetes was higher in persons living in economically developed regions and 
among obesity people.

The study estimated that the prevalence of prediabetes was 50.1% in Chinese adults (52.1% in males, and 
48.1% in females). It was slightly higher in rural than in urban areas, especially for men. The prevalence rate 
of prediabetes increased with age. In those under the age of 50, males have a higher prevalence than females. 
The prevalence rate of prediabetes was higher in underdeveloped areas, as well as among overweight and 
obese persons (Table 2–4–2, Figure 2–4–1).

The awareness rate of diabetes was 30.1% (29.7% in males, 30.5% in females). Among patients with 

[1] HPS2–THRIVE Collaborative Group. HPS2–THRIVE randomized placebo–controlledtrial in 25 673 high–risk patients of ER 
niacin/laropiprant: trial design, pre–specified muscle and liver outcomes, and reasons for stopping study treatment. European Heart J, 
2013,34, 1279–1291.
[2] American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2010,33(suppl 1):S62–S69.
[3] Xu Y, Wang L, He J, et al. Prevalence and Control of Diabetes in Chinese Adults. JAMA. 2013,310(9): 948–958.
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diabetes, only 25.8% (25.5% in males, 26.2% in females) received treatment for diabetes, and only 39.7% 
(40.7% in males, 38.6% in females) of those treated had adequate glycemic control. The proportions of those 
who were aware of, treated for, and managed their glucose levels were higher in urban than in rural residents 
and higher in economically developed and intermediately developed regions than in underdeveloped regions. 
Women living in rural areas had a substantially lower proportion of controlled diabetes than did their male 
counterparts or than did women living in urban areas. Similarly, women living in underdeveloped regions had 
a much lower control rate than men living in the same regions or women living in intermediately developed 
or developed regions.

In the multivariable, multinomial, logit models, male sex, older age, urban residency, parental history 
of diabetes, overweight, obesity, central obesity, elevated systolic blood pressure, and elevated serum total 
cholesterol, LDL–cholesterol, and triglyceride levels were all significantly associated with a higher risk of 
diabetes (Table 2–4–3). In addition, male sex, older age, parental history of diabetes, overweight, obesity, 
central obesity, physical activity, elevated systolic blood pressure, and elevated serum total cholesterol 
were positively associated with a higher risk of prediabetes. Higher education level, higher serum HDL–
cholesterol and triglycerides levels, and living in intermediately developed and developed regions were 
inversely associated with prediabetes.

Table 2–4–1 Prevalence of Diabetes in Chinese Adults
Prevalence Rate (95% CI)，%a

Total
FBG≥

126 mg/
dL

2HPBS
≥200
mg/dl

HbA1c
≥6.5%

FBG
≥126mg/dL

and/or 2HPBS
≥200mg/dl

FBG≥126 
mg/dLand/
or HbA1c
≥6.5%

2HPBS
≥200mg/dl

and/or 
HbA1c≥6.5%

FBG≥126,
2HPBS

≥200mg/dl
and/or 

HbA1c≥6.5% 

Previously 
diagnosed 

with 
diabetes

Overall 11.6 4.5 3.5 4.6 6.2 6.9 6.2 8.1 3.5

（11.3–11.8） （4.4–4.7） （3.4–3.7） （4.4–4.7） （6.0–6.4） （6.7–7.2） （6.0–6.4） （7.9–8.3） （3.4–3.6）

Gender

Male 12.1 5.0 3.8 4.6 6.6 7.3 6.4 8.5 3.6

（11.7–12.5） （4.7–5.2） （3.5–4.0） （4.4–4.9） （6.4–6.9） （7.0–7.6） （6.1–6.7） （8.2–8.8） （3.4–3.8）

Female 11.0 4.0 3.3 4.5 5.7 6.6 6.0 7.7 3.4

（10.7–11.4） （3.8–4.3） （3.1–3.5） （4.3–4.7） （5.4–6.0） （6.3–6.9） （5.7–6.2） （7.4–8.0） （3.2–3.5）

Region

Urban 14.3 5.0 4.1 5.3 6.8 7.7 7.0 8.8 5.6

（13.9–14.8） （4.8–5.3） （3.8–4.3） （5.0–5.5） （6.5–7.1） （7.3–8.0） （6.7–7.3） （8.5.9.1） （5.3–5.8）

Rural 10.3 4.3 3.3 4.3 5.9 6.6 5.8 7.8 2.5

（10.0–10.6） （4.1–4.5） （3.1–3.5） （4.0–4.5） （5.7–6.2） （6.4–6.9） （5.6–6.1） （7.5–8.1） （2.4–2.7）

Economic development

Under 
developed

9.9 4.2 3.3 4.5 5.8 6.7 6.1 7.9 2.1

（9.5–10.4） （3.9–4.5） （3.0–3.6） （4.2–4.9） （5.4–6.1） （6.3–7.0） （5.7–6.4） （7.5–8.3） （1.9–2.3）

Intermediate 
developed

10.5 3.9 3.2 4.1 5.6 6.2 5.6 7.3 3.2

（10.1–11.0） （3.7–4.2） （3.0–3.5） （3.8–4.3） （5.3–5.9） （5.9–6.5） （5.3–5.9） （7.0–7.7） （3.0–3.4）
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Table 2–4–1 Prevalence of Diabetes in Chinese Adults    (Continued) 

Prevalence Rate (95% CI)，%a

Total
FBG≥

126 mg/
dL

2HPBS
≥200
mg/dl

HbA1c
≥6.5%

FBG
≥126mg/dL

and/or 2HPBS
≥200mg/dl

FBG≥126 
mg/dLand/
or HbA1c
≥6.5%

2HPBS
≥200mg/dl

and/or 
HbA1c≥6.5%

FBG≥126,
2HPBS

≥200mg/dl
and/or 

HbA1c≥6.5% 

Previously 
Diagnosed 

with 
Diabetes

Developed 14.3 5.5 4.1 5.1 7.2 8.0 6.9 9.1 5.2

（13.9–14.7） （5.2–5.8） （3.8–4.3） （4.9–5.4） （6.8–7.5） （7.6–8.4） （6.6–7.2） （8.7–9.5） （4.9–5..5）

BMI

<25.0 8.3 3.2 2.4 2.9 4.5 4.9 4.2 5.9 2.4

（8.0–8.6） （3.1–3.4） （2.2–2.5） （2.7–3.1） （4.3–4.7） （4.7–5.1） （4.0–4.4） （5.6–6.1） （2.3–2.5）

25.0–29.9 17.0 6.6 5.3 7.1 8.8 10.1 9.2 11.5 5.5

（16.5–17.6） （6.2–6.9） （5.0–5.7） （6.7–7.5） （8.4– 9.2） （9.7–10.6） （8.8–9.6） （11.1–12.0） （5.2–5.8）

≥30.0 24.5 9.9 8.4 12.8 13.3 16.6 15.2 18.1 6.3

（23.1–26.0） （9.0–11.0） （7.5–9.4） （11.7–13.9） （12.1–14.5） （15.4–17.9） （14.0–16.5） （16.9–19.5） （5.6–7.1）

Waist,cm

＜90,male 7.9 3.2 2.2 2.7 4.4 4.7 4.0 5.7 2.2

＜80,female （7.6–8.2） （3.0–3.3） （2.1–2.4） （2.5–2.8） （4.2–4.6） （4.5–4.9） （3.8–4.1） （5.4–5.9） （2.1–2.4）

≥90,male 19.1 7.3 6.2 8.5 9.8 11.6 10.7 13.0 6.0

≥80,female （18.6–19.6） （7.0–7.7） （5.8–6.5） （8.1–8.9） （9.4–10.2） （11.l–12.O） （10.3–11.2） （12.6–13.5） （5.8–6.3）

Note: *BMI, body mass index; HbA1c，glycosylated hemoglobin; unit conversion: Glucose unit conversion 1mg/dL =0.0555mmol/L；the 
values in a are weighted averages in percentages.
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Male
female

Male
female

 Figure 2–4–1 Age–standardized Prevalence of Diabetes and Prediabetes 
 in Chinese Adults Over 18 Years Old in 2010

Table 2–4–2 Prevalence Rate of Prediabetes in Chinese Adults
Prevalence Rate（95%CI）,%a

Total of Pre– 
Diabetes

FBG 100–125
mg/dL

2HPBS
140–199

mg/dl
HbA1c

5.7%–6.4%

FBG
100–125mg/dL
and/or 2HPBS
140–199mg/dl

FBG 100–125
mg/dL and/or
HbA1c 5.7%

–6.4%

2HPBS 140–199
mg/dl and/or
HbA1c 5.7%

–6.4%

Overall 50.1 27.2 8.3 35.4 31.0 48.3 38.7

（49.7–50.6） （26.8–27.6） （8.1–8.5） （35.0–35.8） 　（30.6–31.4） 　（47.9–48.7） （38.3–39.1）

Gender 　 　 　 　 　 　 　

Male 52.1 29.0 7.9 36.3 32.5 50.4 39.7

（51.5–52.7） （28.5–29.6） （7.6–8.2） （35.8–36.9） 　（32.0–33.1） 　（49.7–51.0） （39.1–40.3）

Female 48.1 25.3 8.7 34.4 29.4 46.2 37.6

（47.6–48.7） （24.8–25.8） （8.4–9.1） （33.8–34.9） 　（28.9–29.9） 　（45.7–46.8） （37.1–38.2）

Region

Urban 48.4 28.0 8.3 33.6 31.4 46.9 36.8

（47.8–49.1） （27.5–28.6） （7.9–8.6） （33.1–34.2） （30.8–31.9） （46.3–47.5） （36.2–37.3）

Rural 50.9 26.8 8.3 36.2 30.8 49.0 39.5

（50.4–51.4） （26.4–27.3） （8.0–8.6） （35.7–36.7） （30.4–31.3） （48.4–49.5） （39.0–40.1）
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Prevalence Rate（95%CI）,%a

Total of pre 
diabetes

FBG 100–125
mg/dL

2HPBS
140–199

mg/dl
HbA1c

5.7%–6.4%

FBG
100–125mg/dL
and/or 2HPBS
140–199mg/dl

FBG 100–125
mg/dL and/or
HbA1c 5.7%

–6.4%

2HPBS 140–199
mg/dl and/or
HbA1c 5.7%

–6.4%

Economic Development

Underdeveloped 53.2 26.1 8.5 39.5 30.2 51.2 42.9

（52.4–53.9） （25.4–26.7） （8.1–8.9） （38.8–40.3） （29.6–30.9） （50.4–52.0） （42.1–43.6）
Moderately–
developed

47.7 25.3 7.8 33.3 29.2 45.9 36.5

（47.0–48.4） （24.7–25.9） （7.4–8.1） （32.7–34.0） （28.6–29.8） （45.2–46.6） （35.9–37.2）
Developed 49.5 30.3 8.6 33.2 33.6 47.9 36.5

（48.8–50.2） （29.7–30.9） （8.3–9.0） （32.6–33.8） （33.0–34.2） （47.2–48.5） （35.9–37.2）
BMI

<25.0 48.1 25.3 6.9 33.2 28.7 46.3 36.3

（47.6–48.6） （24.8–25.7） （6.7–7.2） （32.7–33.7） （28.1–29.1） （45.8–46.8） （35.8–36.8）
25.0–29.9 54.3 31.1 10.6 39.5 35.5 52.4 43.2

（53.5–55.0） （30.4–31.8） （10.2–11.1） （38.7–40.2） （34.8–36.2） （51.6–53.1） （42.5–44.0）

≥30.0 54.6 31.3 13.4 41.0 36.8 52.5 45.0

（52.8–56.3） （29.7–32.9） （12.3–14.7） （39.3–42.7） （35.1–38.5） （50.7–54.2） （43.2–46.7）
Waist,cm

＜90,male； 48.5 25.7 6.9 33.2 29.0 46.7 36.4

＜80,female （47.9–49.0） （25.2–26.1） （6.6–7.1） （32.8–33.7） （28.6–295） （46.1–47.2） （35.9–36.9）

≥90,male； 53.6 30.3 11.3 39.7 35.0 51.7 43.4

≥80,female （51.9–54.2） （29.7–31.0） （10.9–11.7） （39.1–40.4） （34.4–35.7） （51.0–52.4） （42.7–44.1）

Note: values in a are weighted averages in percentages.

Table 2–4–3 Factors Related to Diabetes and Prediabetes of Chinese Adults a

Risk Factorsb Diabetes,OR
（95%CI） P value Pre–Diabetes,OR

（95%CI） P value

Male 1.52（1.40–1.64） <.001 1.23（1.16–1.29） <.001

Every additional ten years of age 1.55（1.51–1.59） <.001 1.16（1.24–1.28） <.001

Inhabitance in cities and towns 1.15（1.08–1.23） <.001 0.99（0.94–1.03） 0.56

Parent(s) with diabetes 2.59（2.32–2.88） <.001 1.11（1.02–1.21） 0.01

Educational level above junior high 1.02（0.95–1.09） 0.55 0.91（0.87–0.95） <.001

Weight
c

Overweight 1.31（1.21–1.41） <.001 1.19（1.12–1.25） <.001

Obesity 2.03（1.78–2.32） <.001 1.52（1.37–1.70） <.001

Central obesity 1.64（1.51–1.77） <.001 1.17（1.11–1.24） <.001

Physical exercise 0.99（0.96–1.02） 0.53 1.06（1.04–1.08） <.001

Every 22 mmHg increased in systolic 
blood pressure 1.47（1.42–1.52） <.001 1.17（1.14–1.20） <.001

Table 2–4–2 Prevalence Rate of Prediabetes in Chinese Adults    (Continued) 
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Risk Factorsb Diabetes,OR
（95%CI） P value Pre Diabetes,OR

（95%CI） P value

Cholesterol

Total cholesterol increase every 43 
mg/dL 1.65（1.47–1.85） <.001 1.61（1.46–1.76） <.001
Low density lipoprotein cholesterol 
increase every 31 mg/dL 1.10（1.01–1.20） 0.03 0.97（0.91–1.04）      0.46

High density lipoprotein cholesterol 
increase every 12 mg/dL 0.70（O.66–0.73） <.001 0.79（0.76–0.82 ） <.001

Triglyceride increase every 118 mg/dL 1.12（1.07–1.18） <.001 0.93（0.89–0.97） <.002
Medium–developed area compared to 
underdeveloped area 0.80（0.74–0.87） <.001 0.77（0.74–0.81） <.001
Developed area compared to 
underdeveloped area 1.00（0.92–1.09） 0.93 0.89（0.84–0.94） <.001

a:1 596 cases excluded due to lack of information: 1 432 cases lacked condition of blood glucose control, 4 cases lacked current smoking status, 
85 cases lacked body mass index, and 75 cases lacked waist circumference.

b:Continuous variables are measured with standard deviation；
c:Overweight：BMI between 25.0 and 29.9，obesity：BMI≥30.0；central obesity：male, waist ≥90cm、female, waist≥80cm.

Because the sample population was geographically diverse and large in size, this survey can be considered 
to be nationally representative. The survey confirmed that diabetes and prediabetes were strongly associated 
with other cardiovascular risk factors, such as dyslipidemia and hypertension. It showed that one–third of 
Chinese adults were obese or centrally obese. Half of all obese patients had prediabetes, while an additional 
one–fifth had diabetes. This study suggested that a higher diagnosis rate for diabetes could be obtained by 
using both FBG and HbA1c, while the prevalence estimated by 2–hour plasma glucose alone was much 
lower than by either fasting plasma glucose or HbA1c alone, which was different from findings in prior 
surveys.

The prevalence of diabetes in China (11.6%) in the survey was much higher than that reported in 2010 
(9.7%) [1]. The main reason is that all 3 indicators, FBG, 2HPBS and HbA1c, were used for diabetes diagnosis 
in the latter. The latest ADA [2] includes HbA1c concentration of 6.5% or higher for the diagnosis of diabetes 
and may have partly contributed the increased prevalence. The prevalence was also 9.7% if using the same 
diagnostic criteria of FBG and/or 2HPBS. The prevalence of diabetes was more or less the same compared 
to a few years ago. However, it is a serious problem that the prevalence of prediabetes was high while the 
control rate of diabetes is low, and that significant disparities existed across regions.

2.4.2 The Management of Diabetes

Recently, the 3B Research Study assessed the level of control of blood glucose, blood pressure, and blood 
lipids (3Bs) among patients with type 2 diabetes. An additional objective of 3Bs was to investigate the impact 
of physician specialty, treatment pattern, and patients’self–management on diabetes clinical outcomes [3] . 

[1] Yang W, Lu J, Weng J, et al. Prevalence of diabetes among men and women in China. N Eng J Med. 2010,362(12):1090–1101.
[2] American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care.2010,33(suppl 1):S62–S69.
[3] Ji L, Hu D, Pan C, et al. Primacy of the 3B Approach to Control Risk Factors for Cardiovascular Disease among Type 2 Diabetes. 
Am J Med. 2013,126(10),925e11–22.

Table 2–4–3 Factors Related to Diabetes and Prediabetes of Chinese Adults    (Continued) 



Report on Cardiovascular Diseases in China (2014) 

80

In this multi–center cross–sectional observational study, 25 817 type II diabetic patients from 104 hospitals 
were recruited, with an average age of 62.6 years. 47% of the patients were male, and 72% had hypertension 
and/or dyslipidemia. The average HbA1c level of patients with diabetes, hypertension, and dyslipidemia was 
7.6%. While 47.7%, 28.4%, and 36.1% of patients achieved the individual target goals for control of blood 
glucose (HbA1c <7%), blood pressure (systolic blood pressure <130 mm Hg, diastolic blood pressure <80 
mm Hg), and blood lipids (total cholesterol <4.5mmol/L), respectively, only 5.6% achieved all 3 target goals. 

The China Chronic Disease Survey was a nationwide study of patients in the community, while 3B Study 
was a study conducted among diabetic patients in endocrinology departments. Both studies showed that 
the blood glucose control rate (HbA1c<7%) in diabetic patients was less than 50%. The 3B Study further 
confirmed that the integrated control rate of blood glucose, lipid and pressure is lower, only 5.6%. The China 
National Chronic Kidney Disease Work Group investigated the clustering of four cardiovascular disease 
(CVD) risk factors (defined as two or more of the following: hypertension, diabetes, dyslipidemia and 
overweight) and their association with unhealthy lifestyles (habitual drinking, physical inactivity, chronic 
use of non–steroidal anti–inflammatory drugs (NSAIDs) and a low modified Dietary Approaches to Stop 
Hypertension (DASH) score [1] . Among the 46 683 participants enrolled in this study, only 31.1% were free 
of any pre–defined CVD risk factor. A total of 20 292 subjects (43.5%) had clustering of CVD risk factors, 
and the adjusted prevalence of CVD risk factor clustering was 36.2%, and the prevalence was higher among 
males than among females (37.9% vs. 34.5%). Habitual drinking, physical inactivity, and chronic use of 
NSAIDs were positively associated with the clustering of CVD risk factors, with ORs of 1.60 (95% CI 1.40 
–1.85), 1.20 (95%CI 1.11 – 1.30) and 2.17 (95%CI 1.84 – 2.55), respectively. The modified DASH score was 
inversely associated with the clustering of CVD risk factors, with an OR of 0.73 (95%CI 0.67 – 0.78). The 
lifestyle risk factors were more prominent among participants with low socioeconomic status. 

2.4.3 Prevention of Diabetes

As more and more diabetics are being identified in China, the public has paid increasing attention 
to the effects that diabetes prevention may have on cardiovascular health. The China Daqing diabetes 
prevention study is the earliest and longest–running study in the world that uses lifestyle interventions to 
prevent diabetes. The results of China Da Qing Diabetes Prevention Study showed, compared with control 
participants, those in the combined lifestyle intervention groups had a 51% lower incidence of diabetes 
during 6 year active intervention period over the 20 year period. Participants in the intervention group 
spent an average of 3.6 fewer years with diabetes than those in the control group. Additionally, over the 20–
year follow–up, the accumulative incidence of diabetes were 80% for the intervention groups and 93% for 
the control group. [2] (Figure 2–4–2). Lifestyle interventions also decreased the risk of developing severe 

[1] Gao B, Zhang L, Wang H. Clustering of Major Cardiovascular Risk Factors and the Association withUnhealthy Lifestyles in the 
Chinese Adult Population. PLoS One. 2013,8(6):e66780.
[2] Li GW, Zhang P, Wang J, et al.The long–term effect of lifestyle interventions to prevent diabetes in the China Da Qing Diabetes 
Prevention Study: a 20–year follow–up study. Lancet.2008,371:1783–89.
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retinopathy (laser treatment and blindness) by47% [1] After 23–year follow up, the incidence of cardiovascular 
and all–cause mortality and diabetes in intervention group were all lower than those of the control group by 
41%（11.9% vs 19.6%）, 29%（28.1% vs 38.4%）, and 45%（72.6% vs 89.9%）, respectively (Figure 
2–4–3, Figure 2–4–4). [2] The study showed that lifestyle interventions not only reduce the long–term risk of 
developing diabetes, but also reduce life–threatening cardiovascular endpoints and deaths. These findings 
provide further justification for adoption of lifestyle interventions as public health measures to control the 
consequences of diabetes.
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  Figure 2–4–2 China Daqing Diabetes Prevention Study: the Accumulative  
Incidence of Diabetes in a 20–year Follow–up
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Figure 2–4–3 China Daqing Diabetes Prevention Study: the Accumulative  
All–cause Mortality During 23 years (1986–2009)

[1] Q. Gong, E. W. Gregg, J. Wang ,et al. Long–term effects of a randomised trial of a 6–year lifestyle intervention in impaired 
glucose tolerance on diabetes–related microvascular complications: the China Da Qing Diabetes Prevention Outcome Study. 
Diabetologia. 2011,54:300–307.
[2] Li GW, Zhang P, Wang JP,et al. Cardiovascular mortality, all–cause mortality, and diabetes incidence after lifestyle intervention 
for people with impaired glucose tolerance in the Da Qing Diabetes Prevention Study: a 23–year follow–up study. Lancet Diabetes 
Endocrinol. 2014, Published Online, April 3, 2014, http://dx.doi.org/10.1016/.
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Figure 2–4–4 Daqing Diabetes Prevention Study: the Accumulative  
Cardiovascular Mortality During 23 years (1986–2009)

2.5 Overweight and Obesity
2.5.1 The Current Epidemiological Features of Obesity and Overweight in China

With the economic development and changes in the Chinese lifestyle, the prevalence of overweight (BMI: 
24.0–27.9kg/m²) and obesity (BMI≥28.0kg/m²) in China have shown continuous growth over the past 30 
years. According to the 2002 China Health and Nutrition Survey (CHNS), 200 million people were diagnosed 
as overweight (prevalence rate 17.6%) and 60 million people were diagnosed with obesity (prevalence rate 
5.6%) in 2002 [1].

Following the long–term monitoring of diet and health status of people in nine Chinese provinces, a 
number of cross–sectional studies (at least 5 000 subjects in each study) showed that in the past 20 years 
the prevalence of overweight or obese was in an upward trend. [2] In 2009, the prevalence of overweight and 
obesity reached 30.0% and 8.7%, respectively (Figure 2–5–1). The prevalence of central obesity in 2009 was 
45.3% (defined as waist circumference ≥85cm for males, ≥80cm for females) (Figure 2–5–2).
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Figure2–5–1 Temporal Trends of Overweight and Obesity Prevalence among Adults in  
China 9 Provinces and Cities

[1] Ma GS, Li YP, Wu YF, et al. The prevalence of body weight and obesity and its change among Chinese people during 1992 to 
2002. Chin J Prev Med. 2005;39(5):311–315.
[2] Xi B, Liang Y, He T, et al. Secular trends inthe prevalence of general and abdominal obesity among Chinese adults, 1993–2009. 
Obes Rev. 2012,13(3):287–296.
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Figure2–5–2 Temporal Trends of Central Obesity Prevalence among Adults in China 9 Provinces and Cities

In 2010, Chronic Disease Surveillance Program of China conducted surveys among approximately 100 
000 residents (older than 18) at 162 monitoring sites in 31 provinces, municipalities or autonomous regions 
using cluster random sampling. The results showed that the prevalence of overweight, obesity, and central 
obesity reached 30.6%, 12.0%, and 40.7%, respectively (Figure 2–5–3)[1,2], which were significantly higher 
than those of 2002.
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Figure2–5–3 Prevalence of Overweight and Obesity among Chinese Adults in 2010

A sampling survey was conducted in the rural area of the Xinjiang Uygur Autonomous Region in 2009–
2010 to investigate the epidemiologic characteristics of obesity and overweight among several ethnic groups. 
The results showed moderately high prevalence rates of obesity and overweight among all three of the ethnic 
groups, and the obesity and overweight prevalence rates in the Han population were the highest of all groups 
(Table 2–5–1) [3]. Another study was conducted in the Inner Mongolia Autonomous Region in 2009–2010. 
The data from over 4 000 people aged 18–70 from different ethnic groups was collected and analyzed using 

[1] Li XY, Jiang Y, Hu N, et al. Prevalence and characteristic of overweight and obesity among adults in China, 2010. Chin J Prev 
Med. 2012;46(8):683–686.
[2] Jiang Y, Zhang M, Li YC, et al. Prevalence of central obesity and distribution of waistline among Chinese adults in 2010. Chin J 
Prev Contr Chron Non–commun Dis. 2013,21(3):288–291.
[3] He J, Guo H, Ding YS, et al. Epidemiological study on overweight and obesity among rural adult residents in Hazakh, Uygur and 
Han populations in Xinjiang. Chin J Epidemiol. 2013,34(12):1164–1168.
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a cluster random sampling method. This investigation showed a significantly higher prevalence rate of 
overweight in the Han population (36.2%) than in the Mongolian population (29.8%). The obesity prevalence 
rate in the Han population was slightly lower than in the Mongolian population; however, no statistical 
difference between the two rates was found.[1] The causes of such ethnic differences and potential preventive 
strategies are worth further investigation.

Table 2–5–1 Prevalence of Overweight and Obesity among People Aged 18–70 from Various Ethnic  
Groups in the Rural Area of Xinjiang Province

Index Han
（n=3 633）

Uyghur
（n=3 788）

Kazakhs
（n=3 926）

Overweight,% 39.1 24.1 27.1

Obesity,% 13.1 10.9 16.4

Central Obesity,% 56.6 51.9 54.9

Note: Overweight: BMI 24.0–27.9kg/m². Obesity: BMI≥28.0kg/m². Central obesity: waist circumstance≥85cm(male)/80cm(female);
The prevalence was standardized according to the distribution of age and gender in the year of 2000

Prevalence rates of obesity and overweight among children and adolescents are also concerning. Five 
national surveys have focused on the health status of Chinese students from 1985 to 2010. More than 200 000 
students aged 7–18 years were monitored in each study. The results showed an increasing trend in prevalence 
rates of both overweight and obesity [2] (Figure 2–5–4), the prevalence of overweight and obesity in 2010 was 
8.7 and 38.1 times as much as that in 1985, respectively.
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Figure2–5–4 Temporal Trends of Overweight and Obesity Prevalence among Chinese Students

Another sampling survey recruited 26 000 children aged 7–12 years in 8 provinces in 2010. The 
prevalence rates of overweight and obesity were found to be 9.3% and 6.5%, respectively, with higher 

[1] Qian YG, Hui CX, Wang HL, et al. Status on overweight and obesity in the Inner Mongolia Autonomous Region in 2009–2010. 
Chin J Prev Med. 2013,47(2):188–189.
[2] Ma J, Cai XH, Wang HJ, et al. The trend analysis of overweight and obesity in Chinese students during 1985–2010. Chin J Prev 
Med. 2012;46(9):776–780.
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prevalence rates in urban than in rural areas [1] (Table 2–5–5).

Pr
ev
al
en
ce
 (
%
)

Overweight                                      Obesity
Figure2–5–5 Prevalence of Overweight and Obesity among Children Aged 7–12 in 8 Provinces in 2010

Three national epidemiological investigations of childhood obesity were conducted between 1986 and 
2006 in 8 large cities. The results indicated that the prevalence of childhood obesity in China has increased 
over time [2] (Figure 2–5–6). The prevalence was also found to increase with age.
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Figure2–5–6 Temporal Trends of Obesity Prevalence among Children Aged 1-7 in China 8 Cities  

A sampling survey conducted in the rural areas of 10 provinces in 2006 aimed to evaluate the physical 
development of 39 000 preschool children aged 3–6 years. This study showed that the prevalence rates of 
overweight and obesity in children were 4.2% and 1.2%, respectively. The overweight prevalence was found 
to decrease with age. The obesity prevalence rate, meanwhile, did not significantly vary between different 
age groups [3] (Figure 2–5–7). The overall prevalence of obesity was lower in rural children than in urban 

[1] Zhan Y, Shen C, Li WR, et al. An epidemical survey of body mass index and obesity among 26 558 elementary school children in 
China. Chin J Endocrinol Metab. 2013,29(8):669–673.
[2] Zong XN, Li H. Secular trends in prevalence and risk factors of obesity in infants and preschool children in 9 Chinese cities, 
1986–2006. PLoS One.2012;7(10):e46942.
[3] Xie SN, Wang JM, Li N, et al. Survey on overweight and obesity of preschool children in rural areas from ten provinces of China. 
Chin J Epidemiol. 2014,35(4):425–428.
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children. In addition, the age–related trend in children obesity prevalence was different in rural area than in 
urban area. 
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Figure2–5–7 Prevalence of Overweight and Obesity among Rural Children Aged 3-6  
in China 10 Provinces in 2006

A prospective study was conducted among 21 residential areas in 14 provinces, with an average follow–
up of 7.9 years. 15 543 non–obese subjects aged 35–74 years at baseline were recruited. During the follow–
up period, 876 residents developed obesity (BMI>28.0kg/m²) , with annual incidence rate of 7.0‰ [4]. The 
incidence rates varied significantly by gender, age, region, and BMI at baseline (Table 2–5–2).

Table 2–5–2 The Incidence of Obesity among Population Aged 35–74 Years (‰)
Male（n=7 318） Female（n=8 225）

Total 6.1 7.7

Age（Year）

35– 7.1 7.6

45– 5.8 8.2

55– 5.4 7.0

65–74 2.3 8.3

Region

Southern area 4.0 6.1

Northern area 8.7 9.9

Urban–rural
Urban 6.7 6.4

Rural 5.7 8.7

Baseline BMI（kg/m²
）

<24.0 1.0 1.4

24.0–27.9 16.4 20.0

A questionnaire survey was conducted among 3 000 residents aged 18 years and above in Hong Kong. 
After adjusting for certain factors, the risk of being obese (BMI≥25kg/m²) was found to increase by 10% 

[4] Li JX, Fan S, Li Y, et al. Incidence of obesity and its modifiable risk factors in Chinese adults aged 35–74 years: a prospective 
cohort study. Chin J Epidemiol. 2014,35(4):349–353.



Chapter 2 Risk Factors of Cardiovascular Diseases 

87

with every hour of TV watching. This relationship was more significant among people under 45 years of 
age [1], as shown in Table 2–5–3.

Table 2–5–3 The Risk of Being Obese as a Result of Hours of TV Watched in Hong Kong Adults (OR value)
n OR (95% CI) P

Total* 2 772 1.10（1.05–1.15） <0.001
Age group(Year)**

18–34 659 1.38（1.19–1.61）   <0.001
35–44 379 1.15（1.04–1.28） <0.01
45–54 712 1.06（0.95–1.18） 0.32

55–64 631 1.10（0.99–1.23） 0.07

≥65 391 0.98（0.88–1.08） 0.66

Note: *, Gender, age, occupation, marital status, education attainment, alcohol use, and high–intensity level of physical activity were adjusted for 
in the logistic regression analysis 

**，Gender, occupation, marital status, education attainment, alcohol use, and high–intensity level of physical activity were adjusted for in the 
age–subgroup analysis

2.5.2 Disease Risks Associated with Overweight and Obesity

During 2009–2010, a survey was conducted among over 10 000 residents aged 35–64 in 12 regions of 
China. The results showed that the accumulative rates of cardiovascular risk factors significantly increased 
with either a larger BMI or a larger waist circumstance [2] (Figure 2–5–8). Similar results were found in a 
survey of 46 000 residents aged 20 years and above in 12 regions during 2007–2008. The study discovered 
that the risks of developing hypertension, dyslipidemia, or diabetes all increased with increasing BMI and 
WC [3] (Figure 2–5–9).
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Figure2–5–8 Relationship between BMI, Waist Circumstance and Risk Factors   

[1] Xie YJ, Stewart SM, Lam TH, et al. Television viewing time in Hong Kong adult population: associations with body mass index 
and obesity. PLoS One. 2014,9(1):e85440.
[2] Wang ZW, Hao G, Wang X, et al. Current prevalence rates of overweight, obesity, central obesity, and related cardiovascular risk 
factors that clustered among middle–aged population of China. Chin J Epidemiol. 2014,35(4):354–358.
[3] Hou X, Lu J, Weng J, et al. Impact of waist circumference and body mass index on risk of cardiometabolic disorder and 
cardiovascular disease in Chinese adults: a national diabetes and metabolic disorders survey. PLoS One.2013,8(3):e57319.
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Ordinate: risk factor collaboration rate (%)
Risk factor collaboration：with two or more of the three conditions at the same time (hypertension, diabetes, dyslipidemia)
BMI classification (kg/m2): Group I: 18.5–23.9; Group II:24.0–27.9; Group III: ≥28.0;
WC classification (cm): Group I: <85(M)/80(F）; Group II: 85–94(M)/80–89(F）; Group III:≥95(M)/90(F)

Gr
oup

Figure2–5–9 ORs for Hypertension, Dyslipidemia and Diabetes among the Combination  
Groups of WC and BMI Categories

Age, gender, educational attainment, smoking, alcohol use, history of hypertension/ dyslipidemia/ diabetes were adjusted in the Logistic 
regression model.

BMI classification (kg/m2): Group I: <24.0; Group II: 18.5–23.9; Group III:24.0–27.9; Group IV: ≥28.0;
WC classification (cm): Group I: <85(M)/80(F); Group II: 85–89(M)/80–85(F); Group III: 90–94(M)/85–89(F); Group IV: ≥95(M)/90(F)

A 2010 study monitored chronic diseases and related risk factors in nearly 20 000 subjects aged over 
60 in China. The results showed a strong correlation between the risks of hypertension/diabetes and waist 
circumstance [1] (Table 2–5–4). 

Table 2–5–4 Relationship Between WC and Hypertension/Diabetes in People over 60 Years
WC （cm） N Hypertension （%） Diabetes （%）

Male

<85 5 140 58.3 13.4

85–89 1 347 66.2 18.8

≥90 2 107 78.2 24.0

Female

<80 3 836 60.1 12.8

80–84 3 170 68.6 20.1

≥85 2 134 81.0 31.7

[1] Jiang Y, Zhang M, Li YC, et al. Relationship between prevalent features of central obesity and clustering of cardiometabolic 
diseases among Chinese elder people. Chin J Prev Med. 2013,47(9):816–820.
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A prospective study was conducted in Jiangsu province among 2 778 subjects aged 35–74 years at 
baseline. This study assessed the risk factors at 2–year and 5–year follow–up, respectively. Over a period 
of 5 years, 660 subjects free of hypertension at baseline were found to develop hypertension. Compared 
with participants who were non–abdominal obese both at baseline and first follow up, hypertension risk was 
higher in subjects who were abdominal obese both at baseline and the first follow–up, and in subjects who 
were non–abdominal obese at baseline but with abdominal obesity at the first follow up. [1] (Table 2–5–5).

Table 2–5–5 Relative Risk (RR) of WC and the Incidence of Hypertension, n=2 778
Central Obese Incidence of

 Hypertension
（1/100 person–year）

RR(95% CI)*
1st investigation 2nd investigation

No No 3.13 1.00

Yes No 3.66 0.94（0.62–1.43）

No Yes 6.50 1.86（1.52–2.27）

Yes Yes 7.25 1.87（1.51–2.32）

Note: diagnostic criteria of central obese: WC≥90cm(M)/80cm(F)
*Adjusted for age, smoking status, alcohol use, history of hypertension, baseline blood lipid/ glucose/ pressure level.

Studies have shown that prevalence of overweight and obesity are increasing in China. One of the most 
important tasks for cardiovascular diseases control and prevention is to halt the epidemic of obesity and 
other chronic disease risk factors. The “Chronic Disease Prevention and Control Work Plan (2012–2015)” 
and the “Nationwide Fitness Program (2011–2015)” should be actively implemented and more efforts 
should be made nationally to prevent chronic disease and to promote health, which will in return reverse the 
increasing trend of obesity.

2.6 Physical Inactivity
2.6.1 The Status, Trends, and Influence Factors of Physical Activity

Results from the CHNS showed a decreasing trend in the amount of physical activity among Chinese 
people aged 18–49[2]. The total amount of physical activity between 1997–2009 has decreased by 29% in 
males and 38% in females. Except for housework physical activity performed by males, all other types of 
physical activity have decreased significantly in both genders during the past decade (Table 2–6–1).

[1] Luo W, Guo Z, Hu X, et al. A prospective study on association between 2 years change of waist circumference and incident 
hypertension in Han Chinese. Int J Cardiol. 2013,167(6):2781–2785.
[2] Su C, Wang H, Wang HJ, et al. Study on status and trend of physical activity among Chinese adults aged 18–49 years old in 9 
provinces from 1997 to 2009. Chin J Health Education. 2013;29(11):966–968.
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Table 2–6–1 Changes in Physical Activity (PA, MET–H/Week) among Chinese Adults Aged 18–49 Years
 1997 2000 2004 2006 2009

Male

N 3 102 3 235 1 383 1 264 2 375

Total PA 358.7 322.6 266.8 262.6 255.8

Work Related PA 325.9 289.1 239.3 238.6 234.4

Housework 
Related PA 11.5 13.6 12.1 13.3 11.3

Leisure Time PA 11.8 10.9 8.1 6.8 6.4

Transport 
Related PA 9.3 9.0 7.2 3.8 3.6

Female

N 3 111 3 400 2 606 2 476 2 555

Total PA 403.1 346.2 261.9 260.2 249.0

Work Related PA 334.3 281.2 213.8 216.8 202.1

Housework 
Related PA 53.5 50.7 37.7 35.2 39.4

Leisure Time PA 10.6 10.2 6.5 6.3 6.2

Transport 
Related PA 4.6 3.9 3.8 1.8 1.3

Physical activity levels among children and adolescents are also not optimistic. A survey on physical 
activity among 1 846 first–grade primary students in Shanghai in 2011 showed that a quarter of all students 
did not meet activity recommendations of≥60 minutes of moderate–intensity physical activity per day, 
and that this proportion increased during weekends (Table 2–6–2) [1]. Another study conducted among 4 549 
junior high school students in 2009 showed that only 7.5% of all students reached the recommended level of 
physical activity [2].

Table 2–6–2 Proportion of First–grade Primary Students Reaching the Recommended  
Levels of Physical Activity (PA)* in Shanghai

Sex Number
Proportion Reaching the Recommended Level of PA（%）

School Days Weekends

Boy Students 973 75.4 65.7

Girl Students 873 77.3 66.0

Total 1 846 76.4 65.8

* Children and adolescents should have at least 60 minutes of moderate to high–intensity physical activity per day according to WHO 
recommendations.

[1] Yuan DG, Yi MM, Zhang LL, et al. Analysis of the first grade pupils’ physical activity type and level of Shanghai City. Chinese 
Journal of School Health, 2012: 33(3): 290–292.
[2] Ren YJ, Liu QM, Lu Y, et al. Behavior and knowledge on physical activity among urban junior students in Hangzhou. Chinese 
Journal of Epidemiology, 2012: 33(7): 672–675.
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The 2010 Report on Chronic Diseases Risk Factors Surveillance in China showed that the proportion 
of the adults that were physically active (3 times/week, at least 10 minutes of moderate–intensity physical 
activity each time) was only 11.9%. This percentage was even lower among young adults aged 25–44 years 
(Figure 2–6–1) [1].
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Figure 2–6–1 Regular Physical Activity Rate in Different age Groups in 2010   

A two–year study [2] was conducted in Hangzhou using a quasi–experimental design of parallel comparison 
and non–randomized allocation. Interventions were carried out in residential communities, companies, and 
schools of the Xiacheng and Gongshu districts; the Xihu district acted as the control group. The interventions 
were mainly focused on providing free physical examinations and health education regarding regular 
physical exercise. The study also organized physical exercise groups in the residential communities, built 
new facilities for physical exercise, and created sidewalks to promote leisure–time walking. Companies 
were encouraged to organize sports clubs and competitions. Schools were asked to reinforce the need for 30 
minutes of physical exercise a day. Following the completion of the intervention, the sample population’s 
intervention groups showed significantly improved levels of health status, health knowledge, and total 
physical activity (1204 to 1386 MET–min/week, P<0.05).

2.6.2 Physical Inactivity and Cardiovascular Diseases

A large–scale cross–sectional study conducted across 10 regions in China between 2004 to 2008, explored 
the potential relationship between physical activity/sedentary time and BMI and waist circumstance. The 
study recruited 460 000 residents aged 30–79 who did not have any chronic disease (CHD, stroke, TB, 

[1] Chen XR, Jiang Y, Wang LM, et al. Leisure–time physical activity and sedentary behaviors among Chinese adults in 2010. 
Chinese Jl of Preventive Medicine. 2012: 46(5): 399–403.
[2] Gao F, Liu QM, Ren YJ, et al. Assessment on the short–term impact regarding the community–based interventions to improve 
physical activities in three urban areas of Hangzhou city.Chin J Epidemiol. 2013,34(6):582–585.
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COPD, or cancer). Using a linear regression model, [1] the study showed that physical activity was negatively 
associated with increasing BMI, WC, and percent body fat (PBF) (Table 2–6–3), while sedentary time was 
positively associated with increasing BMI, WC, and PBF (Table 2–6–4). Moreover, the percentage of people 
who were obese (BMI≥28.0kg/m²) increased significantly with increasing sedentary time or decreasing 
physical activity(Figure 2–6–2).

Table 2–6–3 Changes in BMI (kg/m²), WC (cm) and Percent Body Fat (PBF, %) with  
Every 14 MET–h/Day Increase in Physical Activity 

N Change in BMI
（95% CI）

Change in WC
（95% CI）

Change in PBF
（95% CI）

Male*

Rural 108 347 –0.16（–0.18––0.14） –0.63（–0.69––0.58） –0.45（–0.49––0.42）

Urban 80 300 –0.16（–0.19––0.13） –0.93（–1.01––0.85） –0.56（–0.61––0.51）

Female*

Rural 157 557 –0.16（–0.18––0.14） –0.36（–0.42––0.30） –0.49（–0.53––0.45）

Urban 120 401 –0.09（–0.12––0.07） –0.54（–0.61––0.47） –0.40（–0.45––0.35）

Total** 466 605 –0.15（–0.16––0.14） –0.58（–0.61––0.55） –0.48（–0.50––0.45）

*A multivariate linear regression model was used to explore the association between physical activity and BMI/WC/PBF, after adjusting for age, 
region, education attainment, and annual family income. 

** Regression coefficients were estimated according to the inverse of the variance.

Table 2–6–4 Changes in BMI (kg/m²), WC (cm) and PBF (%) with  
Every 1.5 Hour/Day Increase in Sedentary Time

N Change in BMI
（95% CI）

Change in WC
（95% CI）

Change in PBF
（95% CI）

Male*

Rural 108 347 0.20（0.18–0.22） 0.76（0.70–0.83） 0.50（0.46–0.54）

Urban 80 300 0.12（0.09–0.14） 0.49（0.43–0.55） 0.26（0.22–0.30）

Female*

Rural 157 557 0.21（0.19–0.23） 0.52（0.46–0.57） 0.57（0.53–0.61）

Urban 120 401 0.21（0.19–0.22） 0.54（0.49–0.59） 0.46（0.42–0.50）

Total** 466 605 0.19（0.18–0.20） 0.57（0.54–0.59） 0.44（0.42–0.46）

* A multivariate linear regression model was used to explore the association between sedentary time and BMI/WC/PBF after adjusting for age, 
region, education attainment, and annual family income. 

** Regression coefficients were estimated according to the inverse of the variance.

[1] Du H, Bennett D, Li L, et al. Physical activity and sedentary leisure time and their associations with BMI, waist circumference, 
and percentage body fat in 0.5million adults: the China Kadoorie Biobank study. Am J Clin Nutr. 2013,97(3):487–496.
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Figure 2–6–2 The Relationship between Prevalence of Obesity (BMI≥28kg/m²) and Physical Activity

Note: 466 605 residents with no major diseases were classified as one of three groups (low, mid, high level) based on their total physical activity 
level. Cut–off values for physical activity were 17.8 and 28.8 MET–h/d in male residents, respectively, and were 12.6 and 24.4MET–h/d in female 
residents, respectively. The prevalence of obesity was calculated using a logistic regression model adjusted for age, region, educational attainment and 
family annual income. 

Results from a subgroup analysis of the 2002 CHNS male population aged 18–59 showed that physical 
activity and risk factors of cardiovascular diseases were inversely related. This suggests that the risk of 
developing a cardiovascular disease is higher for people who are not sufficiently active(Table 2–6–5) [1].

Table 2–6–5 Relationship between Physical Activity and Cardiovascular Disease Risk Factors in Males

Risk Factors
Physical Activity Level

P for Trend
Very Active Active Not Actvie Sedentary

Central Obesity 1.00 1.20 1.41 1.60 <0.001

Hypertension 1.00 1.12 1.06 1.18 <0.01

Hyperglycemia 1.00 1.04 1.22 1.42 <0.01

High TG 1.00 0.99 1.11 1.32 <0.001

Low HDL–C 1.00 1.09 1.36 1.36 <0.001

Metabolic Syndrome 1.00 1.19 1.34 1.73 <0.001

Note: Logistic regression model adjusted for age, urbanity, educational attainment, family per capita income, smoking status, and alcohol use.

[1] Wang D, He Y, Li Y, et al. Ma G. Joint Association of Dietary Pattern and Physical Activity Level with Cardiovascular Disease 
Risk Factors among Chinese Men: A Cross–Sectional Study. PLoS One. 2013,8(6):e66210.
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The INTERHEART China study, was a case–controlled study of 2 909 first–episode AMI patients and 2 
947 people with matching ages and genders but without any history of heart attacks. The results showed that 
the risk of an AMI event decreased as people spent more time performing physical activities (Table 2–6–6) [1].

Table 2–6–6 Relationship between Physical Activity and the Risk of Incidence of AMI (OR)

Weekly Time in Participating PA (Hour/
Week) Case Group（%） Control Group （%） OR(95% CI)*

  <1 84.9 81.2 1.00

  1–3 4.7 4.7 1.01（0.76–1.33）

  4–6 3.5 5.1 0.65（0.49–0.88）

  ≥7 6.8 9.0 0.70（0.56–0.87）

Note: * Values were determined using a logistic regression model adjusted for age, gender, BMI, WHtR, hypertension, hyperglycemia, DM, 
stroke, smoking status, alcohol use, educational attainment, family income, marital status, psychological factors, diet nutrition, resident region, et al.

The Shanghai Male Health Study explored the association between physical activity and mortality. 
Baseline data was collected between 2002 to 2006 from over 60 000 males aged 40–74. All follow–up 
surveys lasted until the end of 2009. The results showed that baseline physical activity level was inversely 
related to all cause mortality and cardiovascular mortality. If the physical activity level was at least 
13.9MET–h/week, the risk of all cause mortality decreased by 21% and the risk of cardiovascular mortality 
decreased by 24%  (Table 2–6–7) [2].

Table 2–6–7 Physical Activity Levels and the Relative Risk of All Cause Mortality  
and Cardiovascular Mortality (RR, 95% CI)

<13.9MET–H/Week
� 13.9MET–H/Week N

All Cause Mortality Cardiovascular Mortality

n RR (95% CI) n RR (95% CI)

Irregular Exercise 39 630 1 306 1.00 419 1.00

<13.9MET–h/week 10 365 424 0.81（0.79–0.91） 147 0.82（0.68–1.00）

≥13.9MET–h/week 11 482 691 0.79（0.72–0.88） 234 0.76（0.64–0.90）

Age, educational attainment, income, occupation, smoking status, alcohol use, dietary intake (energy, red meat, vegetables, fruits), physical 
activity other than exercise, BMI, and history of disease (CVDs, diabetes, high blood pressure, chronic liver disease, and lung diseases) were adjusted 
for in the Cox regression analysis.

The above studies show that the physical activity level of Chinese residents has significantly decreased. 

[1] Cheng X, Li W, Guo J, et al. INTERHEART China study Investigators. Physical activity levels, sport activities, and risk of acute 
myocardial infarction: results of the INTERHEART study in China. Angiology.2014,65(2):113–21.
[2] Wang N, Zhang X, Xiang YB, et al. Associations of  tai chi, walking, and jogging with mortality in Chinese men. Am J 
Epidemiol.2013,178(5):791–796.
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To improve this situation, action is needed throughout society to implement the “Nationwide Fitness 
Program (2011–2015)” developed by the National Health and Family Planning Commission, which in turn 
will curb the prevalence of chronic diseases and promote the health conditions of residents.

2.7 Diet and Nutrition
2.7.1 Current Status and Trends of Nutrition and Health

The 2002 National Nutrition and Health Survey reported that dietary patterns in China have significantly 
changed. Some dietary changes were identified as detrimental to cardiovascular disease prevention, including 
the decrease in whole–grain food intake and the increase in fat intake, the decrease in energy contributions 
from carbohydrates and the excess from fat.[1] Moreover, fruit and vegetable consumptions are still relatively 
low in the Chinese population. Although the salt intake level has somewhat decreased, it still exceeds the 
recommended standard level (average intake of salt in Chinese population was about 15.9g/d according to 
2002 National Nutrition and Health Survey).

The Chinese Health and Nutrition Survey (CHNS) has completed 8 investigations on the trends of 
nutrients intake of Chinese residents. [2] The reports found that energy contributions from fat consumption 
have increased, far exceeding the recommended contribution of 20%–30% of an average diet. The energy 
contribution from carbohydrates, meanwhile, has decreased to lower than 55%–65% of the recommended 
level (see Table 2–7–1).[3] The dietary cholesterol intake increased obviously.[4] Although calcium 
consumption has slightly increased, the average consumption amount is still only 50% of the recommended 
level (800 mg / day). [5] Vitamin C consumption (primarily from fresh fruits and vegetables) decreased in 
2009 to an average consumption of 85.2 mg/day for males ages 18–44 and 83.1 mg/day for females ages 
18–44 [6].These were significantly lower than the level recommended by the guidelines (≥100 mg / day). See 
Table 2–7–2 for more information. 

[1] Survey Report on the Status of Nutrition and Health of the Chinese People in 2002: Series Two, Status of Diet and Nutrients 
consumption. Beijing: People’s Medical Publishing House, 2006. 7.
[2] Group on China Nutrition and Health survey. The trends of nutrients consumption of Chinese residents in nine Provinces from 
1989 to 2009 (I): The China nutrition and health survey. Acta Nutrimenta Sinaca, 2011, 33(3): 234–236.
[3] Zhang B, Wang HJ, Du WM, et al. The trends of nutrients consumption of Chinese residents in nine Provinces from 1989 to 2009 
(II): The general consumption trend of Chinese adults aged 18–49 years, ActaNutrimenta Sinaca, 2011, 33(3): 237–242.
[4] Su C, Zhang B, Wang HJ, et al. The trends of nutrients consumption of Chinese residents in nine Provinces from 1989 to 2009 (V): 
The fat and cholesterol consumption trend of Chinese adults aged 18–49 years, Acta Nutrimenta Sinaca, 2011, 33(6): 546–550.
[5] Liu AD, Zhang B, Wang HJ, et al. The trends of nutrients consumption of Chinese residents in nine Provinces from 1991 to 2009 
(VI): The calcium consumption trend of Chinese adults aged 18–49 years, ActaNutrimenta Sinaca, 2012, 34(1): 10–14.
[6] Ma YX, Zhang B, Wang HJ, et al. The trends of nutrients consumption of Chinese residents in nine Provinces from 1989 to 2009 
(IX): The vitamin C consumption trend of Chinese adults aged 18–49 years, Acta Nutrimenta Sinaca, 2012, 34(5): 427–431.
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Table 2–7–1 Change in Proportion of Calories from Fat (>30%) and from Carbohydrates (<55%) among
Participants Aged 18 – 49 Years from 9 Different Provinces and Cities (China: 1989–2009)

Calorie source
Survey year

1989 1991 1993 1997 2000 2004 2006 2009

Fat calories >30% 35.8 30.3 28.9 32.7 42.2 40.6 51.5 55.0

Carbohydrate calories <55% 30.4 26.2 25.9 27.3 34.8 35.1 48.3 53.1

Table 2–7–2 Change in Dietary Consumption of Cholesterol, Calcium, and Vitamin C among
Participants Aged 18 – 49 Years from 9 Different Provinces and Cities (China: 1989–2009)

Sex
Survey Year

1989 1991 1993 1997 2000 2004 2006 2009

Male

Cholesterol (mg/d) 156 191 192 230 256 274 294 291

Calcium (mg/d) － 389 389 420 417 418 415 415

Vitamin C (mg/d) 117 100 102 94 95 94 89 85

Female

Cholesterol (mg/d) 142 164 160 208 230 248 267 264

Calcium (mg/d) － 356 359 378 376 372 363 367

Vitamin C (mg/d) 111 93 95 87 87 87 84 83

Similar changes in diet have also been observed in children and adolescents. Data from the CHNS 
showed that, in the past 20 years, the percentage of population with > 30% of energy intake from dietary fat 
and with < 55% of energy intake from carbohydrates increased obviously.[1] (Table 2–7–3). The absolute fat 
consumption, the proportion of energy from fat, and the cholesterol consumption have all increased, [2]  
while the vitamin C consumption has decreased.[3] The dietary calcium intake of Chinese children and 
adolescents still remained at lower level, it was only 30% of the recommended level (Table 2–7–4).[4]

[1] Zhang B, Wang HJ, Su C, et al. Trend of energy consumption among Chinese children and adolescents in nine provinces from 
1989 to 2009. Chinese J of Preventive Medicine, 2012; 46(12): 1064 – 1068.
[2] Su C, Wang HJ, Wang ZH, et al. Current status and trends of both dietary fat and cholesterol consumption among Chinese 
children and adolescents aged 7 to 17 years old in 9 provinces of China, from 1991 to 2009. Chinese Journal of Epidemiology, 2012; 
33(12): 1208–1212.
[3] Wang ZH, Zhang B, Wang HJ, et al. Trend in dietary vitamin C consumption among Chinese children and adolescents between 
1991 and 2009. Chinese J of Preventive Medicine, 2012, 46(12): 1069–1073.
[4] Zhang J, Wang HJ, Wang ZH, et al. Trend in dietary calcium consumption among Chinese children and adolescents aged 4 to 17 
years in nine provinces from 1991 to 2009. Chin J Epidemiol.2013,34(9):857–862.
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Table 2–7–3 Change in Proportion of Calories from Fat (>30%) and from Carbohydrates (<55%) among
Participants Aged 7 – 17 Years from 9 Different Provinces and Cities (China: 1989–2009)

Calorie Source
Suvey year

1989 1991 1993 1997 2000 2004 2006 2009

Fat Calories ≥30% 25.4 24.8 25.1 30.2 42.7 41.6 51.5 58.1

Carbohydrate Calories <55% 19.1 19.1 21.0 23.7 34.1 32.9 47.1 55.1

Table 2–7–4 Change in Dietary Consumption of Fat, Cholesterol, Vitamin C, and Calcium among
Participants Aged 7 – 17 years from 9 Different Provinces and Cities (China: 1991–2009)

Sex
Suvey  Year

1991 1993 1997 2000 2004 2006 2009

Male

Fat (g/d) 54.4 51.9 58.2 67.4 64.5 67.3 70.6

Fat Contribution (%) 22.7 22.7 24.2 27.9 27.2 29.7 32.3

Cholesterol (mg/d) 150 162 195 221 232 253 259

Vitamin C (mg/d)* 72.8 72.6 64.3 64.7 66.9 57.6 54.0

Calcium (mg/d)** 297 295 305 317 323 312 311

Male

Fat (g/d) 49.0 47.3 54.8 61.3 57.0 63.0 59.8

Fat Contribution (%) 22.2 22.3 24.9 28.6 27.3 30.7 31.6

Cholesterol (mg/d) 134 130 185 204 216 236 217

Vitamin C (mg/d)* 66.8 68.9 58.1 61.7 60.5 54.8 52.8

Calcium (mg/d)** 283 280 288 292 295 289 295

Note: *, Participants aged 6–17 years; **, Participants aged 4–17 years.

The CHNS also conducted 7 cross–sectional studies from 1989 to 2006 that investigated the changes in 
primary dietary pattern changes among people aged 18 to 59. [1] The studies showed the following trends: 
decrease in whole–grain intake; increase in meat, poultry, and dietary oil intake; decrease in vegetable intake; 
and increase in fruit intake (Table 2–7–5). Among people aged 6–17, meat and fruit consumption similarly 
increased, but vegetable consumption decreased [2,3]. Other trends in dietary pattern changes were essentially 
the same compared to the results of other three national nutrition surveys from 1982 to 2002.

[1] Zhang B, Wang H, Du WM, et al. Food consumption trend of Chinese adults in nine provinces(autonomous region)from 1989 to 
2006. Chinese Journal of Preventive Medicine, 2011, 45(4): 330–334.
[2] Wang HB, Zhang B, Wang HJ, et al.Trend in meat consumption patterns among Chinese children in nine provinces (autonomous 
region) aged 6 to 17 years between 1991 and 2011. Chin J Prev Med. 2013,47(9):826–831.
[3] Wang ZH, Zhang B, Wang HJ, et al. Trend in vegetable and fruit consumption among Chinese children and adolescents aged 6 to 
17 years from 1991 to 2009 and related socio–demographic factors. Chin J Epidemiol. 2013,34(9):863–868.
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Table 2–7–5  Dietary Changes (age 18–59) in 9 Provinces and Cities (China: 1989–2006)

Food Type
Survey Year

1989 1991 1993 1997 2000 2004 2006

Male

Whole Grain 552.8 537.0 529.2 535.8 477.9 490.7 466.3

Meat 97.0 102.9 113.4 114.2 125.2 131.1 141.5

Eggs 11.4 16.3 15.9 24.0 27.3 26.8 32.0

Dietary Oil 31.5 36.8 33.9 42.1 44.5 40.6 46.5

Vegetable 401.6 365.2 389.2 356.6 363.4 383.7 374.5

Fruit 124.6 92.9 126.4 145.9 137.4 133.8 229.1

Female

Whole Grain 505.7 490.1 478.9 460.1 404.6 417.5 392.6

Meat 80.2 83.4 91.6 98.4 106.6 110.4 118.4

Eggs 10.8 14.7 14.0 23.2 25.8 25.1 29.9

Dietary Oil 29.5 32.8 30.2 37.1 38.7 36.0 39.5

Vegetable 385.3 338.37 363.5 336.5 337.1 354.7 346.4

Fruit 120.5 97.6 122.0 156.0 131.9 146.1 228.0

A multi–stage stratified random sampling study was conducted in Shandong province in 2011 to 
investigate the diet pattern changes of 2 140 residents aged 18 to 69. The results showed that the average 
amount of dietary sodium intake was 6147 mg/day for male residents (salt consumption was 15.8 g/day) and 
5339 mg/day for female residents (salt consumption was 13.7 g/day). Although levels of salt consumption 
remain high, they have decreased significantly compared to levels in 1992 and 2002[1] (Table 2–7–6).

Table 2–7–6 Consumption of Dietary Sodium by Residents in Shandong Province, 
1992–2011 (Per Standard Person Per Day)

1992 2002 2011

Sodium(mg) 7 334 7 308 6 090

Salt(g)* 18.8 18.7 15.6

Note: *, calculated according to the sodium consumption

2.7.2 Effects of Diet on CVD and Associated Risk Factors

INTERHEART China was a case–control study of 1 312 first onset AMI patients with a control group 

[1] Lu ZL, Zhang XF, Li JH. Dietary sodium consumptions and resources among residents in Shandong province. Chin J Prev Med. 
2014,48(1):7–11.



Chapter 2 Risk Factors of Cardiovascular Diseases 

99

of 2 235 healthy people of matching ages and genders. The results showed that people with a higher dietary 
score for vitamins and trace elements (higher vegetable, fruit, beans and tofu consumption) had a lower risk 
of AMI. Those patients with a higher dietary quartile score for vitamins and trace elements had a 30% lower 
risk of suffering an AMI in comparison to the lower quartile group. Additionally, those with a higher dietary 
quartile score for fat and protein (primarily animal and fried food consumption) had a 36% higher risk of 
suffering an AMI than those in lower quartile group[1] (Table 2–7–7).

Table 2–7–7 Risk of AMI in People with Different Dietary Score Quartiles (OR, 95% CI)

Dietary Pattern Score Dietary Score of Vitamins and 
Trace Elements Consumption Dietary Score of Fat and Protain Consumption

1stquartile 1.00 1.00

2ndquartile 0.81（0.66–1.00） 0.96（0.78–1.19）

3rdquartile 0.67（0.54–0.82） 0.94（0.75–1.17）

4thquartile 0.70（0.56–0.88） 1.36（1.09–1.69）

Note: Region, gender, age, educational attainment, family income, marital status, smoking, alcohol use, BMI, WhtR, physical activity level, and 
psychosocial factors were adjusted for in the logistic regression analysis.

Since the 1980s, dietary patterns have been significantly changed in China, especially in the most recent 
years. In addition to the current decrease in dietary salt consumption (despite the fact that consumption 
still exceeds the recommended level by over 100%) and increase in fruit consumption, other dietary factors 
that are associated with cardiovascular or other chronic diseases still exist or show worsening trends (e.g. 
imbalance of nutritional sources, increases in cholesterol intake, decreases in vegetable intake, no change in 
calcium intake, etc.). The Chinese government’s public health departments, preventive medicine units, as 
well as Chinese people should be aware of these changes. Promotion of healthy diets and beneficial dietary 
changes are important steps to preventing chronic diseases, including cardiovascular diseases.

2.8 Metabolic Syndrome (MS)

Four common criteria guidelines for MS diagnosis in China include the China Diabetes Society (CDS) 
for MS, the Joint Committee for Developing Chinese Guidelines on Prevention &Treatment of Dyslipidemia 
in Adults (JCDCG), the National Cholesterol Education Program’s Adult Treatment Panel III (NCEP–ATP 
III), and the guidelines from the International Diabetes Federation (IDF). However, studies on MS in China 
adopted different definitions, making their findings difficult to compare. 

[1] Guo J, Li W, Wang Y, et al. Influence of dietary patterns on the risk of acute myocardial infarction in China population: the 
INTERHEART China study. Chin Med J (Engl).2013,126(3):464–470.
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2.8.1 Prevalence of MS
2.8.1.1 Prevalence of MS of Adults in Different Areas

The 2002 China Health and Nutrition Survey reported a prevalence rate of MS in adults aged over 18 of 
6.6% and 13.8%, respectively, based on criteria from the CDS and the NCEP–ATP III (Table 2–8–1). 

Table 2–8–1 Prevalence of MS in Selected Locations in China

Location Year Age Ethnicity N
Prevalence (%)

GCDCJ IDF ATP Ⅲ

14 provinces[1] 2007–2008 ≥20 community 
resident 47 325 19.5

Suburban Areas of 
Beijing[2] 2007–2008 ≥18 suburban 

resident 19 003 25.3

Shenzhen[3] 2009 18–69 community 
resident 8 757    7.73

Health and Nutrition 
Survey[4] 2009 ≥18 community 

resident 7 488  10.5 18.2 21.3

Guiyang[5] 2009–2010 ＞40 community 
resident 10 140   37.36

Hanzhong[6] 2010 ≥18 peasant 2 990 10.8 15.1

Guangdong[7] 2010 ≥18 community 
resident 3 591  21.1 28.6

Ningxia[8] 2010 ≥18 community 
resident 2 465 26.2

Fangshan of 
Beijing[9] 2012 ＞20 community 

resident 4 249   20.38

[1] Zhou HC, Lai YX, Shan ZY, et al. Effectiveness of Different Waist Circumference Cut–off Values in Predicting Metabolic 
Syndrome Prevalence and Risk Factors in Adults in China. Biomed Environ Sci. 2014, 27(5):325–34.
[2] Zhang WH, Xue P, Yao MY, et al. Prevalence of metabolic syndrome and its relationship with physical activity in suburban 
Beijing, China. Ann Nutr Metab.2013,63(4):298–304.
[3] Wang R, Zhou W, Guo C J, et al. Prevalence of metabolic syndrome and its influencing factors in Shenzhen. Chinese Primary 
Health Care. 2014,28 (2): 93–95.
[4] Xi B, He D, Hu Y et.a. Prevalence of metabolic syndrome and its influencing factors among the Chinese adults: the China Health 
and Nutrition Survey in 2009. Prev Med. 2013,57(6):867–871.
[5] Li H, Shi LX, Zhang Q, et al. Investigation on prevalence and risk factors of metabolic syndrome in population over 40 years in 
urban area of Guiyang. Chinese J of Endocrinology and Metabolism . 2013,29 (5): 226–230.
[6] Zhao Y,Yan H, Yang R,et al. Prevalence and determinants of metabolic syndrome among adults in a rural area of Northwest 
China. PLoS One. 2014,9(3):e91578.
[7] Song XL, Mo J F, Xu Y J, et al. Epidemic features of adult metabolic syndrome in Guangdong Province and its comparison 
research of different diagnostic criteria. Chinese J of Diabetes. 2013,5 (12): 728–733.
[8] Li HY, Zhang N, Li L , et al. Investigation and analysis of nutrition intake and risk factors associated with metabolic syndrome in 
urban residents of  Ningxia. J of Zhejiang University. 2013, (2): 215–221.
[9] Liu XF, Zhao Q S, Li N, et al. Epidemic characteristics of metabolic syndrome in residents of Fangshan. Disease Surveillance. 
2013, 28 (10): 844–847.
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2.8.1.2 Prevalence of MS among Children 

An epidemiological study was conducted in the Kazak Autonomous Prefecture of Ili, Xinjiang from 2009 
to 2010. In this study, based on physical examination, overweight or obese Kazak children (aged 6–13) were 
selected as the study group, a group of children with normal BMI were selected as the control group. 

The prevalence rates of MS were calculated based on the NCEP–ATP III and the new Chinese criteria 
for metabolic syndrome for Chinese children aged 10 and older. Prevalence rates of MS according to the 
criteria from Society of Pediatrics in China were: 0%, 9.57%, 19.64% in the normal weight, overweight and 
obese children, respectively. The rates diagnosed by NCEP–ATPIII definition were 0.64%, 2.61%, 16.07% 
respectively.[1]

2.8.2 MS and CVDs

From March 2006 to October 2007, a follow–up survey was conducted among 3 887 subjects who had 
participated in the baseline study (1999–2004) for over 5 years. After adjusting for gender, age, and other 
risk factors, compared to the participants with only MS, the 95% CI for CVD of the participants with both 
MS and DM was 2.23(1.65–3.29), while the 95% CI for the DM participants with MS was 1.36(0.85–2.03) 
compared those without MS.[2]

[1] Li M, Zhang T, Xu PR. Epidemic characteristic of metabolic syndrome in overweight and obese Kazak children aged 6 – 13 in 
Xinjiang. Chinese J of Epidemiology . 2013,34 (4): 336–341.
[2] Yang C, Guo ZR, Hu XS, et al. Correlation between metabolic syndrome combined with diabetes mellitus and cardiovascular 
disease. Chinese J of Public Health . 2013,29 (11): 1603–1606.
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 Chapter 3  
Cardiovascular Diseases

3.1 Cerebrovascular Disease
3.1.1 The Prevalence, Mortality and Trends of Cerebrovascular Disease in China

(1) National Health Service Survey[1] 
The Ministry of Health has been conducting a national health service survey every five years since 

1993. Based on the results of the last four surveys, the prevalence of stroke has been rising, with a higher 
prevalence rate in the urban population than in the rural population (Figure 3–1–1).

 
Total
Rural
Urban

Figure 3–1–1 Stroke Prevalence in Urban and Rural Populations (China: 1993 – 2008)

(2) The Prevalence of Stroke in North Jiangsu Rural Residential Communities[2]

In 2011, 344 327 people from six towns in North Jiangsu were enrolled in the cluster sampling survey 
to investigate the stroke prevalence. The risk factors of stroke were evaluated according to the risk factor 
index table and the effect of stroke on life expectancy was analyzed by the cause eliminated life table. 
The prevalence of stroke in the North Jiangsu rural area was 227.71/100 000 (95%CI: 173.58/100 000–
281.84/100 000) and the prevalence increased with age. The highest prevalence rate was found in the age 
group of 55–75. Patients with stroke carried different risk factors. The percentage of high–risk groups (3–8 

[1] Statistics Information Centre of Ministry of Health. China Health Service Survey. Peking Union Medical College Press.
[2] Niu J, Dong Q, He ML, et al. The epidemiological investigation of stroke in North Jiangsu rual.Chin J Prev Contr Chron 
Dis,2013,21(4):422–424.
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high–risk factors) was 46.8%. According to the life table analysis, the reduced average life expectancy was 
7.38 years due to stroke.  

(3) Cerebrovascular Disease Mortality in 2013[1]

According to data from China Health and Family Planning Statistical Digest 2014, the mortality rate of 
cerebrovascular diseases in 2013 was 125.56 per 100 000 in urban areas and 150.17 per 100 000 in rural 
areas. Based on the data from the Sixth National Population Census, around 835 800 urban residents and 1 
012 000 rural residents died from cerebrovascular diseases in 2013. Overall, the mortality rate was higher in 
rural areas than in urban areas, and higher in men than in women (Figure 3–1–2). 

 

Men

Women

Total

Figure 3–1–2 Stroke Mortality by Gender and Region (China: 2013)

(4) Cerebrovascular Disease Mortality in Urban Population by Gender and Age in 2013[2]

The mortality rate of cerebrovascular disease increased exponentially with age in urban population. 
Mortality rates were higher in men than in women across all age groups (Figure 3–1–3 ).

[1] Ministry of Health of the People’s Republic of China. China Health Statistics Yearbook 2002–2014. Peking Union Medical 
College Press, Beijing.
[2] Ministry of Health of the People’s Republic of China. China Health Statistics Yearbook 2002–2014. Peking Union Medical 
College Press, Beijing.
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 Figure 3–1–3 Stroke Mortality in Urban Population by Gender and Age (China: 2013)

 (5) Cerebrovascular disease mortality in the rural population by gender and age in 2013[1]

The mortality rate of cerebrovascular diseases also increased exponentially with age in the rural 
population. Mortality rates were higher in men than in women across all age groups (Figure 3–1–4). 

 Figure 3–1–4 Stroke Mortality in the Rural Population by Gender and Age (China: 2013)

[1] Ministry of Health of the People’s Republic of China. China Health Statistics Yearbook 2002–2014. Peking Union Medical 
College Press, Beijing.
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(6) Trends of cerebrovascular disease mortality from 2003 to 2013
Overall, cerebrovascular disease mortality rates were higher in rural areas than in urban areas from 2003 

to 2013. Stroke mortality rates in 2009 increased by a factor of 1.41 in urban areas and 1.44 in rural areas, 
respectively, when compared to those in 2006. The mortality of cerebrovascular disease decreased between 
2009 and 2012. However, the mortality rate of cerebrovascular disease in 2013 was slightly increased when 
compared to 2012 (Figure 3–1–5). 

 

Figure 3–1–5 Trends in Stroke Mortality (China: 2003 – 2013)

3.1.2 Incidences and Mortality Rates of Cerebrovascular Disease in Different 
Regions

 (1) Incidence and trends of stroke in Changsha, China from 2005 to 2011[1]

This study was conducted in two residential communities with a registered population of about 100 000. 
Based on the retrospective analysis of stroke incidence data between 2005 and 2007 and analysis of stroke 
surveillance network data in Changsha region between 2008 and 2011, it was found that the mean value of 
annual age–adjusted incidence of first–ever stroke was 168.5/100 000 (95% CI: 159.0–178.0/100 000) from 
2005 to 2011, with 189.3/100 000 (95% CI 175.1–178.0/100 000) for males and 148.7/100 000 (95% CI 
136.0–161.4/100 000) for females. The mean annual age–adjusted incidences of ischemic stroke, intracranial 
hemorrhage, and subarachnoid hemorrhage were 72.6/100 000, 85.1/100 000 and 9.4/100 000 (95% CI 7.1–
11.7/100 000), respectively (Figure 3–1–6). During the investigation, the age–adjusted incidence of stroke 
increased at an annual rate of 3.7%, 4.2% for males and 3.1% for females. The subtype analysis of stroke 
showed that the age–adjusted incidence of ischemic stroke increased at an annual rate of 3.5% (p=0.003) but 

[1] Sun XG, Wang YL, Zhang N, et al.Incidence and trends of stroke and its subtypes in Changsha, China from 2005 to 2011.J Clin 
Neurosci. 2014;21(3):436–440.
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no significant changes were observed in hemorrhagic stroke incidence. 
 

Figure 3–1–6 Trend of Age–adjusted Incidence Rates of Stroke

(2) Incidence, mortality and trends of stroke in rural Tianjin, China, from 1992 to 2012 [1]

In 1992, 14 920 residents were enrolled in the Tianjin Brain Study, a population–based study focusing on 
stroke surveillance. Stroke incidence and mortality were recorded annually. There were 908 incident stroke 
events (366 in females) from 1992 to 2012. The average annual incidence rate of first–ever stroke in females 
was lower than that in males (Table 3–1–1). The incidence grew annually by 5.8% in males and 8.0% in 
females. The male/female incidence ratio declined significantly. Female patients were significantly younger 
than male patients (age 64±12 versus 68±11) from 1992 to 1998. There were no significant differences 
between genders in terms of mortality. In addition, the prevalence of obesity and diabetes mellitus, the 
levels of total cholesterol and triglycerides, and the age of menopause and reproductive years in females 
concurrently increased in 2011. During the past 21 years, the incidence of first–ever stroke in females 
significantly increased annually and the male/female stroke incidence rate ratio showed a declining trend in 
rural China.

Table 3–1–1 The Average Annual Incidence Rate of First–ever Stroke(1/100 000) and The  
Male/Female Ratio in Different Period

Year 1992–1998 1999–2005 2006–2012

Male 166 227 376

Female 86 148 264

Male/Female Ratio 1.9 1.5 1.4

[1] Wang J, Ning X, Yang L, et al. Sex differences in trends of incidence and mortality of first–ever stroke in rural Tianjin, China, 
from 1992 to 2012. Stroke. 2014 ;45(6):1623–1631.
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3.1.3 Risk Factors of Stroke 
3.1.3.1 Hypertension 

 (1) Inner Mongolian: Hypertension was the Predictor of Ischemic Stroke and Hemorrhagic Stroke 
This prospective cohort study was conducted from June 2002 to July 2012. 2 583 individuals were 

enrolled in this study with total follow–up of 23 292 person–years. 124 new–onset stroke cases were 
observed (76 ischemic stroke, 46 hemorrhagic stroke and 2 unknown subtype stroke). Systolic blood pressure 
(SBP), diastolic blood pressure (DBP), pulse pressure (PP) and mean arterial pressure (MAP) were all closely 
associated with an increasing risk of stroke. SBP and MBP were stronger predicting factors of stroke when 
compared to DBP and PP [1] (Figure 3–1–7). 

 

Figure 3–1–7 Blood Pressure Predictor for Stroke

(2) Fuxin, Liaoning: Systolic and Diastolic Hypertension Patients Showed the Highest Incidence of Stroke 
This cross–sectional study was conducted in 35 towns among 640 000 individuals in Fuxin county, 

Liaoning province. Follow–up was completed in 39 845 individuals (aged ≥35 years), among which 38 949 
individuals were free from stroke at baseline. The prevalence of different subtypes of hypertension were as 
follows: SDH (systolic and diastolic hypertension) 18.6%, ISH (isolated systolic hypertension) 10.2%, IDH 
(isolated diastolic hypertension) 5.8%, and MHT (managed hypertension) 0.4%. During a total of 168 023 
person–years of follow–up, 858 subjects developed stroke. The overall incidence rate per 100 000 person–
years of first–ever stroke was 510.6. The subjects with SDH showed the highest risk of stroke among all 
the hypertensive subjects. To be specific, the hazard ratios for all stroke subtypes were 2.13 (95%CI = 
1.78–2.55), 2.74 (95% CI = 2.08–3.60) for hemorrhagic stroke, and 1.92 (95% CI = 1.50–2.45) for ischemic 
stroke[2].

[1] Peng H, et al. Blood pressure components and stroke in Inner Mongolians––a prospective cohort study. Int J Cardiol. 
2014;176(3):1339–1340.
[2] Sun Z, et al. Subtypes of hypertension and risk of stroke in rural Chinese adults. Am J Hypertens, 2014 ;27(2):193–198.
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(3) China National Stroke Registry (CNSR): Recurrence of Stroke Caused by Hypertension was 
Associated with Subtypes of Stroke [1].

Among the 11 560 patients with ischemic stroke, 8 409 (72.7%) had hypertension and 2 050 (17.7%) 
experienced a recurrent stroke within 1 year. The differences between the hypertensive and non–hypertensive 
patients didn’t show statistical significance in terms of the stroke recurrence rate (18.0% versus 17.0%; 
P=0.21). Combining stratification by TOAST subtypes, multivariable analysis revealed a significant 
association between hypertension and stroke recurrence in small–artery occlusion subtype (OR, 1.52; 95% 
CI, 1.03 – 2.31). This association was not observed in other subtypes.

Stroke Subtype Unadjusted OR (95% CI) Adjusted 95%CI
All ischemic stroke

Recurrence at 3 months 1.01（0.89–1.14） 0.99（0.86–1.15）
Recurrence at 6 months 1.04（0.93–1.17） 0.99（0.66–1.13）
Recurrence at 12 months 1.07（0.96–1.19） 1.01（0.88–1.14）

Large–artery atherosclerosis

Recurrence at 3 months 1.01（0.83–1.22） 0.97（0.77–1.21）
Recurrence at 6 months 1.09（0.91–1.31） 1.00（0.81–1.23）
Recurrence at 12 months 1.09（0.92–1.29） 0.99（0.81–1.20）

Small–artery occlusion

Recurrence at 3 months 1.61（1.06–2.43） 1.77（1.10–2.86）
Recurrence at 6 months 1.48（1.03–2.12） 1.48（1.06–2.37）
Recurrence at 12 months 1.58（1.11–2.23） 1.52（1.03–2.30）

Cardioembolism

Recurrence at 3 months 1.10（0.76–1.60） 1.18（0.75–1.85）
Recurrence at 6 months 1.09（0.77–1.54） 1.14（0.75–1.75）
Recurrence at 12 months 1.15（0.82–1.62） 1.14（0.75–1.72）

Others

Recurrence at 3 months 0.96（0.78–1.17） 0.82（0.64–1.04）
Recurrence at 6 months 0.98（0.81–1.17） 0.82（0.66–1.02）
Recurrence at 12 months 1.02（0.85–1.21） 0.88（0.71–1.09） 0.5 1 2 4

Figure 3–1–8 Association between Hypertension and Stroke Recurrence in Patients  
Stratified by Ischemic Stroke Subtypes

3.1.3.2  Alcohol Drinking

A prospective cohort study from June 2003 to July 2012 was conducted among 2 535 people aged 20 
years and older from Inner Mongolia, China. 120 stroke cases were observed during the follow–up period. 
The multivariate–adjusted hazard ratios (95% CI) of stroke for non–hypertension/drinkers, hypertension/
non–drinkers, and hypertension/drinkers were 1.03 (0.48–2.22), 2.64 (1.45–4.81), and 2.89 (1.55–5.39), 
respectively, compared to non–hypertension/non–drinkers. These findings suggested that alcohol drinking 

[1] Wang Y, Xu J, Zhao X, et al. Association of hypertension with stroke recurrence depends on ischemic stroke subtype. Stroke. 
2013 ;44(5):1232–1237.
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increased the risk factor of stroke [1].

3.1.3.3 Smoking

 (1) Inner Mongolian : Smoking with an elevated heart rate increased risk of ischemic stroke. 
A prospective cohort study from June 2003 through July 2012 was conducted among 2 530 people 

(aged≥20) from Inner Mongolia, China. A total of 76 stroke cases were observed during the follow–up 
period. The multivariate–adjusted hazard ratios (95% CI) of ischemic stroke incidence for nonsmokers with a 
heart rate ≥80 bpm, smokers with a heart rate <80 bpm, and smokers with a heart rate ≥80 bpm were 1.42 
(0.62–3.28), 2.11 (1.06–4.23), and 2.86 (1.33–6.14), respectively, based on the comparison with nonsmokers 
with a heart rate <80 bpm. This study suggested that smokers with a heart rate ≥80 bpm had higher risk of 
stroke. [2]

(2) Hong Kong: Smoking increased hemorrhagic stroke mortality
A population–based prospective cohort study was conducted among 66 820 Han people (aged>65 years) 

from July 1998 to December 2001 at 18 Elderly Health Centers of Hong Kong Department of Health, 
with follow–up surveys ending in May 2012. The average length of the follow–up surveys was 10.9 years 
(SD=3.1). 648 deaths from hemorrhagic stroke were observed, of which 530 (82%) were from intracerebral 
hemorrhage. After multivariate adjustment, current smoking was associated with a higher risk of hemorrhagic 
stroke (hazard ratio, 2.19; 95% CI, 1.49–3.22), intracerebral hemorrhage (1.94; 1.25–3.01), and subarachnoid 
hemorrhage (3.58; 1.62–7.94) [3]. 

3.1.3.4 Obesity

(1) Kailuan: Obesity increased the risk of ischemic stroke, but not of hemorrhagic stroke.
94 744 individuals (18–98 years old) were enrolled in this study, in which a 4–year follow–up survey was 

completed. 1 547 ischemic or hemorrhagic stroke cases were recorded. Measurements of adiposity included 
body mass index (BMI), waist circumference (WC), waist–to–hip ratio (WHpR), and waist–to–height ratio 
(WHtR). Every measurement of adiposity was associated with the risk of total stroke and ischemic stroke, 
but not of hemorrhagic stroke. After adjusting confounder factors, the hazard ratios (comparing the mean 
value of the highest quintile with that of the lowest quintile) for total stroke were 1.34(1.13–1.60) for BMI, 
1.26(1.06–1.52) for WC, 1.29(1.08–1.56) for WHpR, and 1.38(1.15–1.66) for WHtR. The hazard ratios for 
ischemic stroke were 1.52(1.24–1.88) for BMI, 1.46(1.17–1.81) for WC, 1.40(1.12–1.74) for WHpR, and 
1.62(1.29–2.04) for WHtR. The study revealed that adiposity increased the risk of total stroke and ischemic 

[1] Tang L, Xu T, Li H, et al. Hypertension, alcohol drinking and stroke incidence: a population–based prospective cohort study 
among inner Mongolians in China. J Hypertens. 2014 ;32(5):1091–1096.
[2] Xu T, Bu X, Li H, et al. Smoking, heart rate, and ischemic stroke: a population–based prospective cohort study among Inner 
Mongolians in China. Stroke. 2013;44(9):2457–2461.
[3] Xu L, Schooling CM, Chan WM, et al. Smoking and hemorrhagic stroke mortality in a prospective cohort study of older Chinese. 
Stroke. 2013 ;44(8):2144–2149.
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stroke[1].
(2) High body mass index increased the risk for ischemic stroke but not for hemorrhagic stroke
In 1987, a cohort of 26 607 Han people (aged >35 years) were investigated in 7 cities. 1 108 stroke events 

(614 ischemic, 451 hemorrhagic, and 44 undefined stroke) occurred during 11–year follow–up period (241 
149 person–years) . High body mass index was an independent risk factor for all stroke subtypes, including 
ischemic stroke in both males and females. A dose–response relationship was found between body mass 
index and the risk of developing stroke [2] (Figure 3–1–9).

<60                                       ≥60                              <60                                       ≥60           (Age)

                         Men                                                                                Women

<18.5（low BMI）

18.5 24.9（Normal BMI）

25 29.9（Overweight）

≥30.0（obesity）

BMI（kg/m2）  

Figure 3–1–9 Association between Stroke and Body Mass Index in Different Gender and Age Groups

3.1.3.5 Intracranial Artery Stenosis

(1) Chinese Intracranial Atherosclerosis Study (CICAS): Prevalence and Outcomes of Symptomatic 
Intracranial Large Artery Stenosis and Occlusions in China

This prospective multicenter study enrolled 2 864 consecutive patients (aged 18–80) who experienced 
acute cerebral ischemia within 7 days after symptom onset in 22 hospitals. The prevalence of intracranial 
atherosclerosis (ICAS) (defined as ≥50% diameter reduction on a magnetic resonance angiography) was 
46.6%. Patients with ICAS showed worse stroke symptoms at admission and longer length of stay in 
hospitals when compared to those without intracranial stenosis. After 12 months, the stroke recurrence rate 
of the patients without stenosis was 3.27%. The stroke recurrence rate of the patients with 50% to 69% 
stenosis was 3.82%, and the patients with 70% to 99% stenosis showed a 5.16% stroke recurrence rate. 

[1] Wang A, Wu J, Zhou Y, et al. Measures of adiposity and risk of stroke in China: a result from the Kailuan study. PLoS One. 2013; 
8(4):e61665.
[2] Wang C, Liu Y, Yang Q, et al. Body mass index and risk of total and type–specific stroke in Chinese adults: results from a 
longitudinal study in China. Int J Stroke, 2013. 8(4): 245–50.
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The patients with total occlusion showed a 7.27% stroke recurrence rate. The results from Cox proportional 
hazards regression analysis showed that the degree of arterial stenosis, age, family history of stroke, history 
of cerebral ischemia or heart disease, intactness of Willis circle, and the score based on the National Institutes 
of Health Stroke Scale at admission were independent predictors for recurrent stroke in 1 year. The highest 
rate of recurrence was observed in the patients with the presence of occlusion and more than 3 additional risk 
factors (Figure 3–1–10) [1].
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Figure 3–1–10 Trends of Recurrent Stroke Rate According to the Degree of Stenosis and  
Number of Independent Risk Factors

 (2) Nanjing Stroke Registry Program (NSRP): cerebrovascular atherosclerotic stenosis in senior patients 
This study enrolled 1 041 Chinese Han patients (>60 years old) with ischemic stroke due to 

cerebrovascular atherosclerotic stenosis from January 2004 to March 2011 (749 males, 292 females). The 
digital subtraction angiography showed that 19.88% of the subjects had intracranial carotid stenosis, 18.73% 
of them had stenosis in the extracranial vessels, and 33.33% of them had concurrent stenosis. A total of 2 
002 stenotic sites were detected in 749 patients. Among those patients with stenosis, 170 (16.33%) were 
diagnosed with single stenosis and 579 (55.62%) were diagnosed with multiple stenoses. The prevalence 
of intracranial stenosis in the single–stenosis group was 54.12% and 47.87% (p=0.127, no statistical 
significance) in the multiple–stenosis group. A higher incidence of severe stenosis (70–99% blockage) and 
occlusion was found in the intracranial vessels than in the extracranial vessels (p=0.018). Patients with 
atherosclerotic stenosis had higher risk of developing intracranial stenosis. [2]

 (3) Hong Kong: The study of long–term cardiovascular disease risk among type 2 diabetic patients with 

[1] Wang Y, Zhao X, Liu L, et al. Prevalence and outcomes of symptomatic intracranial large artery stenoses and occlusions in 
China: the Chinese Intracranial Atherosclerosis (CICAS) Study. Stroke. 2014 ;45(3):663–669.
[2] Yang F, Liu L, Li M, et al. Pattern of cerebrovascular atherosclerotic stenosis in older Chinese patients with stroke. J Clin 
Neurosci. 2013 ;20(7):979–83.
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asymptomatic intracranial stenosis.
2 197 Hong Kong residents with type 2 diabetes were recruited from the diabetes clinic department at the 

Prince of Wales Hospital between 1994 and 1996. Middle cerebral artery (MCA) stenosis were detected using 
transcranial Doppler and a follow–up survey was conducted via the Hong Kong Hospital Authority Central 
Computer System. Cumulative incidence of stroke within 5, 10, 15 and 18 years was 9%, 20%, 30%, and 
31% among the patients with MCA stenosis. The corresponding incidence among individuals without MCA 
stenosis was significantly lower: 5%, 11%, 17% and 24% (χ2 = 21.27, P<0.001, with statistical significance; 
Figure 3–1–11), respectively, indicating MCA stenosis increased stroke risk. [1] 

0                              5                             10                            15                           20

Follow-up Time (Year)

Middle Cerebral Artery Stenosis

Normal Middle Cerebral Artery

 

Figure 3–1–11 Association Between Asymptomatic Middle Cerebral Artery Stenosis and Ischemic Stroke

3.1.3.6 Air Pollution 

(1) China Air Pollution and Health Effects Study：Air pollution increased stroke mortality. [2]

This study was conducted in 8 cities including Beijing, Fuzhou, Guangzhou, Hong Kong, Shanghai, 
Shenyang, Suzhou, and Tangshan The air pollutants that were observed included particulate matter <10 μm 
in aerodynamic diameter (PM10), sulfur dioxide (SO2), and nitrogen dioxide (NO2). Every increase of 10 
μg/m³ of the average concentrations of PM10, SO2, and NO2 tended to result in a 0.54% (95% posterior 
intervals [PI], 0.28–0.81), 0.88% (95% PI, 0.54–1.22), and 1.47% (95% PI, 0.88–2.06) increase in stroke 
mortality, respectively (Figure 3–1–12, 3–1–13).

[1] Duan JG, Chen XY, Lau A,et al. Long–term risk of cardiovascular disease among type 2 diabetic patients with asymptomatic 
intracranial atherosclerosis: a prospective cohort study. PLoS One. 2014 ;9(9):e106623.
[2] Chen R, Zhang Y, Yang C, et al. Acute effect of ambient air pollution on stroke mortality in the China air pollution and health 
effects study. Stroke. 2013 ;44(4):954–960.
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Figure 3–1–12 Pooled Concentration–response Curves of Air Pollutants and Daily  
Stroke Mortality in 8 Chinese Cities 

 

Figure 3–1–13 The Association Between an Increase of 10 μg/m³ of Air Pollutant  
Concentration and Daily Stroke Mortality Increase

(2) Shanghai Study 
There were about 13.8 million residents in Shanghai in 2008. 15.3% of the total population were seniors 

(>65 years old). In Shanghai, there were about 100 000 total deaths each year, among which 12.8% cases 
were due to stroke. Daily mortality rates from the beginning of January 2003 to the end of December 2008 
were collected from the Shanghai Municipal Center for Disease Control and Prevention database. Daily 
air pollution data, including particles with diameters < 10 mm (PM10), sulfur dioxide (SO2) and nitrogen 
dioxide (NO2), were provided by Shanghai Environmental Monitoring Center. It was found that both total–
stroke and ischemic–stroke mortalities were significantly associated with all three air pollutants. Hemorrhagic 
stroke was only significantly associated with SO2 and NO2, especially NO2. For every 10 μg/m³ increase 
of NO2, ischemic stroke mortality rose by 7.05% (95% CI 1.92% to 12.17%) among people with comorbid 
cardiac diseases, versus 0.60% (95% CI 0.49% to 1.68%) among those without.[1]

[1] Qian Y, Zhu M, Cai B, et al. Epidemiological evidence on association between ambient air pollution and stroke mortality. J 
Epidemiol Community Health. 2013 ;67(8):635–640.
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(3) Wuhan Study 
Pollution levels were higher in October–March with averages of 136.1 µg/m(3) for PM10, 63.6 µg/m(3) 

for NO2 and 71.0 µg/m(3) for SO2 than in April–September when averages were 102.0 µg/m(3), 41.7 µg/
m(3) and 41.7 µg/m(3), respectively (p<.001). During the cold season, every 10 µg/m(3) increase in NO2 
was associated with a 2.9% (95%C.I. 1.2%–4.6%) increase in stroke admissions on the same day. Every 10 
ug/m(3) increase in PM10 daily concentration was significantly associated with an approximate 1% (95% 
C.I. 0.1%–1.4%) increase in stroke hospitalization. A two–pollutant model indicated that NO2 was associated 
with stroke admissions when controlling for PM10. During the warm season, no significant associations were 
noted for any of the pollutants. [1]

3.1.4 Clinical Trials 
3.1.4.1 Antihypertensive Treatment 

(1) China National Stroke Registry (CNSR): The status of applying antihypertensive medication one year 
after ischemic stroke in China

Among the 7 880 hypertensive patients diagnosed with ischemic stroke, 4 458 (56.6%) started to use antihypertensive 
medication at discharge and 2 927 (37.1%) patients started after 12 months since discharge. Calcium channel blockers 
were the most commonly used antihypertensive medication. The usage of antihypertensive medication among seniors 
and patients with severe stroke was less common. (Figure 3–1–14) [2]. 
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Figure 3–1–14 Patterns of Antihypertensive Medication Use

[1] Xiang H, Mertz KJ, Arena VC, et al. Estimation of short–term effects of air pollution on stroke hospital admissions in Wuhan, 
China. PLoS One. 2013, 8(4):e61168.
[2] Xu J, Ju Y, Wang C, et al. Patterns and predictors of antihypertensive medication used 1 year after ischemic stroke or TIA in 
urban China. Patient Prefer Adherence. 2013;7:71–79.
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(2) China National Stroke Registry: The impact of antihypertensive medication compliance on ischemic 
stroke outcomes in one year

Of the 8409 patients in this study, 31.6% of patients had high persistence with antihypertensive drugs 
(≥75%), and 68.4% had low persistence (<75%) during 1 year after stroke onset. High persistence with 
antihypertensive drugs significantly decreased the risk of stroke recurrence (odds ratio, 0.78; 95% CI, 
0.68 to 0.89), combined vascular events (0.71; 0.63–0.81) and death (0.44; 0.36–0.53) compared with low 
persistence (Table 3–1–2). [1]

Table 3–1–2 Impact of Persistence with Antihypertensive Agents on Outcomes for 
 Ischemic Stroke Patients with Hypertension

Events Events Rates
OR（95%CI）

Crude Adjusted

Stroke Recurrence

  Low Persistence 1 150（20.0%） 1.00 1.00

  High Persistence 364（13.7%） 0.63（0.56–0.72） 0.78（0.68–0.89）

Combined Vascular Events

  Low Persistence 1 510（26.3%） 1.00 1.00

  High Persistence 433（16.3%） 0.55（0.49–0.62） 0.71（0.63–0.81）

Death

  Low Persistence 1 056（18.4%） 1.00 1.00

  High Persistence 154（5.8%） 0.27（0.23–0.33） 0.44（0.36–0.53）

3.1.4.2  Anticoagulation Therapy

(1) Hongkong: For elderly patients with atrial fibrillation, warfarin therapy decreased the risks of death 
and ischemic stroke

Between July 1997 and December 2011, 2 339 Chinese Han patients (≥80 years old) with nonvalvular 
atrial fibrillation were enrolled in this study at Queen Mary Hospital: 1 805 of them did not use any 
antithrombotic therapy and 534 of them used warfarin therapy. The average duration of the follow–up survey 
was 2.2 years (5 199 patient–years). The primary end point (a composite end point of hospital admission due 
to ischemic stroke and death) occurred among 1 861 patients (79.6%): the percentage among the patients who 
were taking warfarin therapy was 66.9%, while the percentage among the patients without antithrombotic 
therapy was 80.8% (80.8%; hazard ratio, 0.53; 95% confidence interval, 0.48–0.58; P<0.001). Lower 
mortality rates (hazard ratio, 0.40; 95% confidence interval, 0.37–0.45; P<0.0001) and ischemic stroke rates 
(hazard ratio, 0.64; 95% confidence interval, 0.54–0.77; P<0.0001) were found among the patients with 
warfarin medication. The annual incidence of ischemic stroke and intracranial hemorrhage was 11.3% and 

[1] Xu J, Zhao X, Wang Y, et al.  Impact of a better persistence with antihypertensive agents on ischemic stroke outcomes for 
secondary prevention. PLoS One. 2013;8(6):e65233.
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0.6%, respectively, among the patients without antithrombotic therapy and among the patients with warfarin 
medication these two incidences were 7.1% and 1.1%, respectively. For all senior patients, the adjusted net 
clinical benefit was higher after using warfarin medication and the highest net benefits of warfarin were 
found among those with high risks of stroke and intracranial hemorrhage. Among these high–risk patients, 
warfarin therapy decreased the stroke incidence by 7.2–8.0/100 patient–years when compared to that of the 
patients without antithrombotic therapy (Figure 3–1–15) .[1] 

A

C

B

Figure 3–1–15 The Comparison of Outcomes between Patients with Warfarin and Patients Without 
Antithrombotic Therapy in Elderly People with Atrial Fibrillation 

  
(2) China National Stroke Registry: Anticoagulation–related reduction of first–ever stroke severity[2] 
Among the 9 519 patients with first–ever ischemic stroke, 1 140 (11.98%) of them showed atrial 

fibrillation (AF) including 440 patients (38.6%) without AF history prior to admission, 561 patients (49.2%) 
with awareness of AF but without warfarin medication, and 139 patients (12.2%) with awareness of AF and 

[1] Siu CW, Tse HF. Net clinical benefit of warfarin therapy in elderly Chinese patients with atrial fibrillation. Circ Arrhythm 
Electrophysiol. 2014 ;7(2):300–306.
[2] Wang C, Wang Y, Wang C, et al. Anticoagulation–related reduction of first–ever stroke severity in Chinese patients with atrial 
fibrillation.J Clin Neurosci. 2014;21(10):1755–1760.
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on warfarin medication. Compared to the patients with awareness of AF but without warfarin medication, 
the odds ratio (OR) of having a major stroke (NIHSS ≥ 4) was lower among the patients with awareness of 
AF and on warfarin medication (OR=0.68; 95% confidence interval [CI] 0.57–0.84). The OR of developing a 
severe coma (GCS 3–8) was also reduced in the warfarin medication group (OR=0.71; 95% CI 0.56–0.91). 

(3) Underuse of anticoagulant in Chinese patients with atrial fibrillation
a. China National Stroke Registry [1] ：
Among the 11 080 patients with first–ever ischemic stroke (IS) or TIA, 996 (9.7%) of them showed 

nonvalvular atrial fibrillation without contraindications to anticoagulation therapy and 592 of them had 
history of AF. Among these 592 patients, only 96 (16.2%) of them were on warfarin medication. Among 
those patients on warfarin medication, only one patient’s international normalized ratios (INR) was in the 
therapeutic range of 2.0–3.0. The rate of warfarin treatment was much lower in Chinese patients than that in 
other countries (Figure 3–1–16).
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Figure 3–1–16  Comparison of Warfarin Use in Patients with Atrial Fibrillation 

b. The China Quality Evaluation of Stroke Care and Treatment (CHINAQUEST): 
During May of 2006, 4 782 patients with acute ischemic stroke from 62 hospitals in China were enrolled 

in this study. Among all participants, 499 (10%) of the patients had atrial fibrillation with 20% of them using 
warfarin medication. (8% of them used warfarin during prestroke stages; 11% of them used warfarin during 
in–hospital stages; 13% of them used warfarin 3 months after stroke; and 10% of them used warfarin 12 
months after stoke.) (Figure 3–1–17). Patients who were younger, had non–manual occupations, or fewer 
cardiovascular risk factors were more likely to take warfarin medication [2].

[1] Wang C, Yang Z, Wang C, et al.Significant underuse of warfarin in patients with nonvalvular atrial fibrillation: results from the 
China national stroke registry.J Stroke Cerebrovasc Dis. 2014;23(5):1157–1163.
[2] Gao Q, Fu X, Wei JW, et al. Use of oral anticoagulation among stroke patients with atrial fibrillation in China: the ChinaQUEST 
(Quality evaluation of stroke care and treatment) registry study.Int J Stroke. 2013;8(3):150–154.
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 Figure 3–1–17 Anticoagulation Drug Use among Patients with Atrial Fibrillation Pre–stroke and Post–stroke 

3.2  Coronary Heart Disease (CHD)
3.2.1 Epidemiology of Coronary Heart Disease

3.2.1.1 Coronary Heart Disease Mortality Rate and Trends in the Chinese Population

(1) Coronary Heart Disease Mortality Rate in 2013
According to the data from the China Health and Family Planning Statistics Yearbook 2014, the mortality 

rate of coronary heart disease in 2013 was 100.86 per 100 000 and 98.68 per 100 000 in the urban and rural 
populations, respectively. Both areas showed increases compared to the mortality rates last year (urban: 93.17 
per 100 000; rural: 68.62 per 100 000). Overall, coronary heart disease mortality is higher in the urban than 
in the rural populations, and higher in males than in females. (Figure 3–2–1, Table 3–2–1).

 

Figure 3–2–1 Coronary Heart Disease Mortality Rate in Urban and Rural Population by Gender (China: 2013)
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Table 3–2–1 Coronary Heart Disease Mortality Rate Per 100 000 in Urban and Rural  
Populations by Gender (China: 2013)

Urban Rural

Total Male Female Total Male Female

AMI  51.46  56.74 46.04 66.62  72.11 60.88

Other CHD 49.4  47.72 51.13 32.06  31.03 33.13

Total CHD 100.86 104.46 97.17 98.68 103.14 94.01

AMI, acute myocardial infarction; CHD, coronary heart disease.

(2) Coronary Heart Disease and Acute Myocardial iInfarction Mortality Trends between 2002 and 2013
The mortality rates of coronary heart disease and acute myocardial infarction (AMI) were greater in 2013 

than in 2012, with higher rates in the urban population than in the rural population. Since 2005, the mortality 
rate of acute myocardial infarction in the rural population has increased rapidly. Compared to 2012, the 
mortality rates of coronary heart disease and acute myocardial infarction (AMI) increased significantly in 
2013. The mortality rate for acute myocardial infarction in rural areas exceeded that of urban areas. (Figure 
3–2–2, Figure 3–2–3)
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Figure 3–2–2 Coronary Heart Disease Mortality Trends in Urban and Rural  
Population (China: 2002–2013)
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Figure 3–2–3 Acute Myocardial Infarction Mortality Trends in Urban and Rural  
Population (China: 2002–2013)

(3) Acute Myocardial Infarction Mortality (per 100 000) by Age (China 2002–2013)
The acute myocardial infarction mortality rate increased exponentially with age since 40 years old. This 

remained true for every year between 2002 and 2013, regardless of location (i.e, rural / urban) or sex (Figures 
3–2–4, 3–2–5, 3–2–6, 3–2–7).
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Figure 3–2–4 Acute Myocardial Infarction Mortality Trends in Males from  
Urban Areas by Age (China: 2002–2013)

 Figure 3–2–5 Acute Myocardial Infarction Mortality Trends in Females from  
Urban Areas by Age (China: 2002–2013)
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Figure 3–2–6 Acute Myocardial Infarction Mortality Trends in Males from  
Rural Areas by Age (China: 2002–2013)

 Figure 3–2–7 Acute Myocardial Infarction Mortality Trends in Females from  
Rural Areas by Age (China: 2002–2013)
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3.2.1.2 The Prevalence of Coronary Heart Disease [1]

Based on the data from the 2008 Fourth Family Health Survey in China Health Services Survey, the 
overall prevalence of ischemic heart disease was 7.7 ‰ , 15.9 ‰ in urban areas and 4.8 ‰ in rural areas. 
Compared with the data of the 3rd Family Health Survey in 2003 (4.6 ‰ , 12.4 ‰ for urban residents and 2.0 
‰ for rural residents), the prevalence of ischemic heart disease increased considerably.

In this survey, ischemic heart disease was defined as the following: individuals who were diagnosed with 
ischemic heart disease within half a year of the survey; individuals who were diagnosed with ischemia heart 
disease before half a year of the survey; and those who experienced recurrence within half a year of the 
survey and took treatment. The prevalence was calculated in all ages.

Based on this data, and the 2010 population of China being 1 339 724 852 according to the Sixth National 
Census [2], it was deduced that 10 315 881 patients had ischemic heart disease in 2008. If the population of 
China was based on the Fifth National Census in 2000 (1 265 830 000) [3], the number of ischemic heart 
disease patients would be estimated to be 9 746 891. 

3.2.1.3 Trends of Acute Coronary Heart Disease Incidence among Farmers in Panyu, 
 Guangzhou [4]

Investigators monitored changes in the incidence of acute coronary heart disease events among farmers in 
the Panyu District, Guangzhou City from 1991 to 2011. The incidence of acute coronary heart disease events 
were standardized with the world standard population distribution. The incidence of acute coronary from 
2010 to 2011 was significantly higher than that of the average from 1991 to 2001 [34.06 per 100 000 (age–
adjusted rate was 28.50 per 100 000) versus 16.14 per 100,000 (age–adjusted rate was 16.57 per 100 000)]. 
The highest incidence of acute coronary events was in the age range 75–79 years old in males , and 80–84 
years old in females. 

Compared to the period of 1991–2001, the largest increases appeared in the ranges of 35–39 and 75–79 
years old in males, whereas for females it was in the ranges of 50–54 and 65–69 years old. Up to 47.4% 
events occurred in the age group >75 years old, which was a 40.4% increase compared to that in 1991–2001.

[1] Ministry of Health Statistics Center. 2008 China Health Services Survey – 4th Family Health Survey. 2009.
[2] The main data bulletin of Sixth National Census in 2010 (the Second Order), Nation Bureau of Statistics of China, http://www.
gov.cn/gzdt/2011–04/29/content_1854891.htm.2011.
[3] The main data bulletin of Fifth National Census (the First Order), Nation Bureau of Statistics of China, http://www.gov.cn/tjsj/
tjgb/rkpcgb/qgrkpcgb/200203/t20020331_30314.html.2001.
[4] Deng M, Li H, Shi M, et al. Prevalence of acute coronary heart disease among farmers in Panyu, Guangzhou: a 20–year 
population–based study. Zhonghua Xin Xue Guan Bing Za Zhi. 2014 ;42(3):236–240.
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3.2.1.4 Studies on Coronary Heart Disease Risk Factors

(1) The Relationship between Insulin–sensitive Obesity and Cardiovascular Diseases [1] 
In the Risk Evaluation of cAncers in Chinese diabeTic Individuals: a lONgitudinal (REACTION) study, 

211 641 participants aged 40 years or older were recruited from 25 communities across the China mainland, 
in 2011 to 2012. The data were analyzed among participants that were insulin–sensitive. Controlling for 
potential confounders, compared with insulin–sensitive normal weight individuals, insulin–sensitive general 
obese individuals had increased risks for prevalent cardiovascular diseases (men: OR, 2.55, 95% CI, 2.04–
3.18; women: 1.73, 1.45–2.06) . Compared with insulin–sensitive normal waist subgroup, insulin–sensitive 
abdominal obesity was associated with higher risks for prevalent cardiovascular diseases (men: 1.32, 1.20–
1.46; women: 1.36, 1.27–1.47) .

(2) The INTERHEART China Study 
The association among sleep duration, snoring habits and acute myocardial infarction (AMI) [2]

Using a case–control method, the experimental group was patients who had AMI for the first time (n = 2 
909) and the controls were matched to cases on age and sex. 2 947 control individuals who did not report 
of any previous incidents of angina or physical disability completed a questionnaire on sleep duration and 
snoring frequency. A logistic regression was used with the results showing that the OR for everyday group 
and 3–5 times per week group was 1.45 (95% CI: 1.01 to 1.91) and 1.93 (95% CI: 1.52–2.46) compared to 
no snoring group. The OR for serious level group and moderate group was 1.77 (95% CI: 1.29 to 2.43) and 
1.37 (95% CI: 1.10 to 1.69) compared to no snoring group. 15.2% people in control group have ≤ 6 hours 
sleeping, compared with 17.4% in AMI group. The study indicated that high frequency snoring and less sleep 
duration could increase the risk of AMI.

(3) The Relationship between Dietary Carbohydrates, Refined Grains, Glycemic Load, and Coronary 
Heart Disease [3]

This study was conducted among 117 366 Chinese women and men (40–74 years of age) without a 
history of diabetes, CHD, stroke, or cancer at baseline in Shanghai, China. The diet pattern was assessed 
using validated food frequency questionnaires. Incident CHD cases were ascertained during follow–ups (the 
mean follow–up was for a period of 9.8 years for women and 5.4 years for men) and confirmed by medical 
records. Carbohydrate intake accounted for 67.5% of the total energy intake in women and for 68.5% in 
men. 70% of total carbohydrates came from white rice and 17% were from refined wheat products. Positive 
associations between carbohydrate intake and CHD were found in both genders. The combined multivariate–
adjusted hazard ratios for the lowest to highest quartiles of carbohydrate intake, respectively, were 1.00, 1.38, 
2.03, and 2.88. The combined hazard ratios comparing the highest quartile with the lowest were 1.80 (95% 

[1] Lu J, Bi Y, Wang T, et al. The relationship between insulin–sensitive obesity and cardiovascular diseases in a Chinese population: 
results of the REACTION study. Int J Cardiol. 2014;172(2):388–394.
[2] Xie D, Li W, Wang Y, et al. Sleep duration, snoring habits and risk of acute myocardial infarction in China population: results of 
the INTERHEART study. BMC Public Health. 2014 ,14:531.
[3] Yu D, Shu XO, Li H, et al. Dietary carbohydrates, refined grains, glycemic load, and risk of coronary heart disease in Chinese 
adults. Am J Epidemiol. 2013 ,178(10):1542–1549.
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confidence interval: 1.01, 3.17) for refined grains. The study indicated that high amounts of carbohydrate 
intake from refined grains were associated with increased CHD risk in Chinese adults.

(4) The Effects of Outdoor air Pollution on Emergency Room Visits due to Coronary Heart Diseases. [1]

The investigators conducted a time–series study to investigate the association of air pollution (particulate 
matter with an aerodynamic diameter < 10 µm [PM10], sulfur dioxide [SO2], and nitrogen dioxide [NO2]) on 
emergency room (ER) visits due to CHD in Shanghai, China. The study collected weather and emergency 
room patient data from 2010 to 2012 and applied an over–dispersed Poisson generalized addictive model 
to analyze the associations after controlling for the seasonality, day of week, and weather conditions. There 
were a total of 47 523 ER visits due to CHD. A 10–µg/m³ increase in the present–day concentrations of 
PM10, SO2, and NO2 was associated with respective increases of 1.10% (95% CI 0.33%–1.87%), 0.90% 
(95% CI –0.14%–1.93%), and 1.44% (95% CI 0.63%–2.26%) for all ER visits due to CHD. The associations 
between patients and concentration of pollutants varied greatly by CHD clinical types, with strong effects 
on sudden cardiac death, moderate effects on acute myocardial infarction and angina, and weak effects on 
ischemic cardiomyopathy. The associations were stronger among people aged 65 or older than in younger 
individuals and also stronger in cool seasons versus warm ones. 

3.2.2 Coronary Heart Disease Treatment
3.2.2.1 Percutaneous Coronary Intervention (PCI) in China 

According to data from the National Health and Family Planning Commission of the People’s Republic 
of China PCI network reporting system, the number of cases of percutaneous coronary intervention in 
Mainland China has increased significantly over time (Figure 3–2–8). Further analysis about PCI (2011 – 
2013) is shown in Table 3–2–2.

Figure 3–2–8 Percutaneous Coronary Intervention Registered Cases in Mainland China

[1] Xie J, He M, Zhu W. Acute effects of outdoor air pollution on emergency department visits due to five clinical subtypes of 
coronary heart diseases in shanghai, China. J Epidemiol. 2014;24(6):452–459.
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Table 3–2–2 Percutaneous Coronary Intervention 2011–2013
2010 2012 2013

Total PCI Cases 341 069 388 836 454 505

 (Increase Rate) 19.7% 14.0% 16.9%

Average Number of Stents 1.67 1.58 1.51

Proportion of DES 91.4% 98.99% 99.50%

Pathway of Operation

Femoral Artery 23.44% 17.21% 13.48%

Radial Artery 76.12% 82.35% 86.01%

Quality Measurement

Mortality 0.32% 0.25% 0.26%

Primary PCI in STEMI 30.41% 29.76% 30.60%

Network Omission Rate 5.1% 6.02% 7.23%

Notes: The total number of PCI cases was 42,110 including those in military hospitals, which were excluded in the post–hoc analysis. PCI: 
percutaneous coronary intervention; STEMI: ST elevation myocardial infarction; DES: drug–eluting stents

Results from the National Health and Family Planning Commission of the People’s Republic of China 
PCI network reporting system

(1) Overall Trends
Recently, the total number of PCI cases increased stably. There were 454 505 cases in 2013. However, the 

number of PCI cases per 1 000 000 people was 309.42 and 1 800 in China and the United States, respectively. 
There is substantial room for improvement in China.

(2) Regional Variation 
The number of PCI cases was over 10 000 in 15 provinces/districts/municipalities in 2013. There were 

unbalanced developments in different districts and hospitals.
(3) Indications
The data from recent years all showed that 90% of the patients with PCI were patients who had acute 

coronary syndrome. The indications were mastered reasonably. 
(4) STEMI Management Level 
The proportion of STEMI patients who implemented PCI consistently remained at around 30%. The 

early reperfusion therapy in STEMI patients was tremendously insufficient. This problem involves the acute 
myocardial infarction treatment systems of the entire country. Improving this situation requires the support 
and cooperation of all levels of society.
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3.2.1.6 ST–segment Elevation Myocardial Infarction in China from 2001 to 2011 (the China 
PEACE–Retrospective Acute Myocardial Infarction Study): [1]

The China PEACE–Retrospective AMI study assessed trends in the characteristics, treatments, and 
outcomes of patients with STEMI in China between the years 2001 and 2011. The study used a two–stage 
random sampling design to create a nationally representative sample of patients in China who were admitted 
to hospitals for STEMI in 3 specific years (2001, 2006, and 2011) and carry out a retrospective analysis of 
hospital records. In the first stage, the study used a simple random–sampling procedure stratified by economic 
/ geographical regions to generate a list of participating hospitals. In the second stage, the study obtained data 
from the cases for the rates of STEMI, treatments, and baseline characteristics from each sampled hospital 
with a systematic sampling approach. The results were weighted and analyzed.

The study sampled 175 hospitals (162 participated in the study) and 18 631 acute myocardial infarction 
admissions, of which 13 815 were STEMI admissions. The results showed that between 2001 and 2011, rates 
of hospital admission for STEMI per 100 000 people increased (from 3.5 in 2001, to 7.9 in 2006, to 15.4 
in 2011; P trend < 0.0001) and the prevalence of risk factors–including smoking, hypertension, diabetes, 
and dyslipidaemia increased. The median time between symptom onset and hospital admission was much 
longer than in developed countries and did not change between 2001 and 2011 (14 hours in 2001, 15 hours 
in 2006, and 13 hours in 2011). There were significant increases in the use of aspirin within 24 hours (79.7% 
in 2001 vs. 91.2% in 2011) and clopidogrel (1.5% in 2001 vs 82.1% in 2011) in patients without documented 
contraindications. Despite an increase in the use of primary percutaneous coronary intervention (10.6% in 
2001 vs 27.6% in 2011), the proportion of patients who did not receive reperfusion did not significantly 
change (45.3% in 2001 vs 44.8% in 2011). β blockers (57.3% in 2011), angiotensin–converting–enzyme 
inhibitors, or angiotensin receptor blockers (66.4% in 2011) remain very underused and usage did not 
change between 2001 and 2011. The study also noted that 57.4% of the patients received traditional Chinese 
medicine and nearly 16.1% of the patients received magnesium within 24 hours after hospitalization. The 
median length of hospital stay decreased from 12 days in 2001 to 10 days in 2011. The mortality rates in 
hospitals were 8.7% in 2001, 9.6% in 2006, and 7.1% in 2011, respectively. The rates of in–hospital death 
or treatment withdrawal were 10.5% in 2001, 12.5% in 2006, and 10.2% in 2011. Adjusted in–hospital 
mortality rates did not significantly change between 2001 and 2011 (odds ratio 0.82, 95% CI 0.62–1.10) and 
the adjusted risk of in–hospital death or treatment withdrawal was 1.03 (95%CI: 0.80 – 1.35). 

During the past decade in China, hospital admissions for STEMI have risen. In these patients, 
comorbidities and the intensity of tests and treatments have increased. The quality of care has improved for 
some treatments, but important gaps persist and the in–hospital mortality rate has not decreased. National 
efforts are needed to improve care and treatment for patients with STEMI in China.

[1] Xie J, He M, Zhu W. Acute effects of outdoor air pollution on emergency department visits due to five clinical subtypes of 
coronary heart diseases in shanghai, China. J Epidemiol. 2014;24(6):452–9.
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2001                       2006                       2011 （Year） 2001                      2006                      2011（Year）

 Figure 3–2–9 Hospital Admissions for STEMI in China

3.2.2.3 The Study of Clinical Pathways For Acute Coronary Syndromes–phase 2 (CPACS–2) [1,2] 

Between October 2007 and August 2010, the CPACS–2 study used cluster randomized methods and 
enrolled 70 level 2 or level 3 hospitals. The patients with acute coronary syndrome were randomized into 
the clinical pathway group (Group A, n= 1 600) or the traditional treatment group (Group B, n=1 900). The 
primary outcomes and the key performance indicators (KPIs) are as follows; (1) the proportion of patients 
with final diagnosis consistent with biomarker findings, (2) the proportion of patients with STEMI receiving 
thrombolysis or primary PCI among those arriving within 12 hours of symptom onset, (3) the door–to–
needle time for patients with STEMI undergoing thrombolysis, (4) the door–to–balloon time for patients with 
STEMI undergoing primary PCI, (5) the proportion of high–risk patients undergoing coronary angiography, 
(6) the proportion of low–risk patients (no ongoing symptoms, persistently normal ECG, and persistently 
normal biomarkers) undergoing functional testing, and (7) the proportion of patients discharged on a 
combination of medical therapies (including any antiplatelet therapy, β–blocker, angiotensin–converting 
enzyme inhibitor or angiotensin receptor blocker, and statin). The secondary outcomes were in–hospital 
clinical events: (1) death, (2) cardiac death, (3) major adverse cardiovascular events, and (4) major bleeding 
episodes. The clinical pathway was a standard procedure of diagnosis and treatment, which was developed 
in conjunction with the Chinese Society of Cardiology based on the relevant American Heart Association 
and American College of Cardiology guidelines. The study showed that the use of clinical pathways was 
associated with an 11% absolute increase in the proportion of patients discharged on recommended therapies 

[1] Du X, Gao R, Turnbull F,et al. Hospital quality improvement initiative for patients with acute coronary syndromes in China: a 
cluster randomized, controlled trial.Circ Cardiovasc Qual Outcomes. 2014 ,7(2):217–26.
[2] Ranasinghe I, Rong Y, Du X,et al. System barriers to the evidence–based care of acute coronary syndrome patients in China: 
qualitative analysis. Circ Cardiovasc Qual Outcomes. 2014 ,7(2):209–16.
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(62.7% vs. 51.15%, unadjusted relative risk, 1.23 [95% CI, 1.06–1.42]; P=0.007). There were no significant 
differences between the 2 groups for any of the remaining KPIs. Similarly, there was no clear evidence of 
improvements in clinical outcomes. The study demonstrated that the clinical pathway could bring benefit for 
patients discharged on appropriate medical therapy, but there was no effect in other fields.

A qualitative descriptive analysis of 40 in–depth interviews were conducted in a sample of 10 hospitals 
purposely selected to explore barriers to the implementation of the intervention. In–depth interviews 
identified 5 key system–level barriers to an effective implementation: (1) leadership support for implementing 
quality improvement, (2) insufficiency in the capacity of clinical services, (3) fears of medical disputes 
and litigation, (4) healthcare funding constraints and high expenses, and (5) other patient–related factors. 
Addressing these barriers needs the reformation of the national health system.

3.2.2.4 Current Status of Treatments and Secondary Preventions of Coronary Heart Disease 
in the Elderly [1]

The cross–sectional, non–interventional, multi–central epidemiology study was conducted among patients 
with coronary heart disease (ages ≥ 60 years old) in 165 hospitals from 21 provinces during April and July in 
2011. 

Results: (1) among 7 962 patients ≥ 60 years old, 63.1% were males 73.0±7.9 years old, and 24.1% of 
the patients were ≥80 years old. 

(2) Coronary heart disease diagnosis and management: a. All patients received drugs and percutaneous 
coronary intervention or surgery, 27.5% of the cases were PCI, 2.6% were coronary artery bypass grafting 
(CABG), and 70.4% of the cases had medical treatment only; b. The ratio of cases with angina pectoris and 
myocardial infarction was 76.5%, the number of patients who had attacks of angina pectoris ≥ 3 times/
weeks in recent month was 18.3%,  and the percentage of those who scored a II or above using the Canadian 
Cardiovascular Society(CCS) scores was 79.3%.c. The usage of prevention drugs recommended by the 
guidelines were 70.3% for antiplatelet drugs, 54.9% for lipid regulating agents, 47.5% for beta blocker, and 
29.0% / 22.2% for ACEI / ARB.

(3) The current situation of risk factor control is as follows: among all the cases, 38.9% of them are 
active smokers, smoking ≥1 / day; 28.4% of them were passive smokers; 57.6% of them had BMI values 
≥ 24, 46.4% of the male cases had waist circumstances ≥ 90 cm; and 41.1% of the female cases had waist 
circumstances ≥ 85 cm. In our cases, 67.6% of them had hypertension and 56.6% achieved the level of blood 
pressure < 140/90 mm Hg; 23.4% had diabetes mellitus and 49.5% achieved the level of HbA1c < 7.0%; 
33.2% had lipids disorder and 26.6% achieved the level of TC < 4.1 mmol/L, and 27.5% had LDL–C values 
< 2.6 mmol/L.

(4) Factors associated with angina recurrence included male sex (P=0.005), high blood glucose levels 
(P=0.019), and high blood lipid levels (P =0.044). However, there were less attacks in those with CABG (P

[1] Li XY, Wang L, Yu PL, et al. Present situation on therapy and secondary prevention of coronary heart disease in the elderly. Chin 
J Geriatr, 2012,31 (10)909–914.
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＜ 0.001) and in those with PCI than without (P ＜ 0.001) (in all CCS scales). The study demonstrated that 
inadequate control of symptoms, low usage rates of guideline recommended medications, and insufficient 
control of high risk factors appeared in elderly CHD patients.

Table 3–2–2 High Risk Factors, Comorbidities and Medication in Elderly Patients (%)

Comorbidities Rate of 
Comorbidities Treatment Rate Control Rate Top Medication Use

Hypertension 67.6（5 340/7 900） 96.6（5 037/5 214） 56.6（2 999/5 299）
CCB (63.7),BB (47.8),ACEI (42.3), 
ARB(35.9), diuretic (23.1)

Diabetes 23.4（1 821/7 795） 95.3（1 682/1 765） 49.5（667/1 348）
Metformin (46.5), insulin (40.4), 
glycosidase inhibitor (36.9), 
sulfonylureas (27.8)

Dyslipidemia 33.2（2 647/7 728） 94.9（2 378/2 507） 27.5（605/2 204）
Statins (85.1), Жbrates (37.0), 
nicotinic acid (0.6)

3.2.2.5 Short–term Rosuvastatin Therapy for the Prevention of Contrast–induced Acute  
 Kidney Injury in Patients with Diabetes and Chronic Kidney Disease [1]

This study randomly selected 2 998 patients with type 2 diabetes mellitus (DM) and concomitant chronic 
kidney disease (CKD) who were undergoing coronary/peripheral arterial angiography with or without 
percutaneous intervention to receive rosuvastatin, 10 mg/day (n = 1 498), for 5 days (2 days before, and 3 
days after procedure) or standard–of–care (n = 1 500). Patients’ renal function was assessed at baseline, 
48 h, and 72 h after exposure to contrast medium. The primary endpoint of the study was the development 
of contrast–induced acute kidney injury (CI–AKI), which was defined as an increase in a serum creatinine 
concentration ≥ 0.5 mg/dl (44.2 μmol/l) or 0.25% above baseline levels at 72 hours after exposure to 
contrast medium. The results showed that patients randomly selected as the rosuvastatin group had a 
significantly lower incidence of CI–AKI than the controls (2.3% vs. 3.9%, respectively; p = 0.01). During a 
30–day follow–up period, the rate of heart failure worsening was significantly lower in the patients treated 
with rosuvastatin than that in the control group (2.6% vs. 4.3%, respectively; p = 0.02). The study suggested 
that rosuvastatin significantly reduced the risk of CI–AKI in patients with DM and CKD.

3.2.2.6 Comparison of Double Kissing Crush (DK–crush) Versus Culotte Stenting for 
 Unprotected Distal Left Main Bifurcation Lesions (DKCRUSH–III study) [2]

419 patients with unprotected left main coronary artery (UPLMCA) were enrolled in the DKCRUSH–
III study and were randomized into the DK–crush (n=210) and the Culotte (n=209) groups. The primary 
endpoint of the study was the occurrence of a major adverse cardiac event (MACE) within 1 year, including 

[1] Han Y, Zhu G, Han L, et al. Short–term rosuvastatin therapy for prevention of contrast–induced acute kidney injury in patients 
with diabetes and chronic kidney disease. J Am Coll Cardiol, 2014,63(1):62–70.
[2] Chen SL, Xu B, Han YL, et al. Comparison of double kissing crush versus Culotte stenting for unprotected distal left main 
bifurcation lesions: results from a multicenter, randomized, prospective DKCRUSH–III study. J Am Coll Cardiol. 2013,61(14):1482–
1488.
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cardiac death, myocardial infarction, and target vessel revascularization (TVR). In–stent restenosis (ISR) at 
8 months was a secondary endpoint, and stent thrombosis (ST) served as a safety endpoint. Patients were 
compared and stratified by SYNTAX (Synergy between Percutaneous Coronary Intervention with Taxus and 
Cardiac Surgery) and NERS (New Risk Stratification) scores. The study showed that patients in the Culotte 
group had significantly higher 1–year MACE rates than in the DK–crush group (16.3% vs. 6.2%, p < 0.05) 
(Figure 3–2–10): an outcome mainly driven by increased TVR, compared to the DK group (11.0% vs. 4.3%, 
p < 0.05). ISR rates in the subgroups were higher in the Culotte group and in the DK group (12.6% vs. 6.8%, 
p = 0.037). The definite ST rate was 1.0% in the Culotte group and 0% in the DK group (p = 0.248). Among 
patients with bifurcation angles ≥ 70° , NERS scores ≥ 20, and SYNTAX scores ≥ 23, the 1–year MACE 
rate in the DK group was significantly different to those in the Culotte group (3.8% vs. 16.5%, 9.2% vs. 
20.4%, and 7.1% vs 18.9%, respectively; all p < 0.05). Culotte stenting for UPLMCA bifurcation lesions was 
associated with significantly increased MACEs, mainly due to the increased TVR. 

 

Figure 3–2–10  MACE–Free Survival Rate at 12 Months

3.2.2.7 A Prospective, Multicenter, Randomized Trial of Paclitaxel–coated Balloon Versus 
Paclitaxel–eluting Stents for the Treatment of Drug–eluting Stents and In–stent 
Restenosis: PEPCAD China ISR Trial [1]

220 patients with coronary drug–eluting stent in–stent restenosis participated in the PEPCAD China ISR 
study and were randomized into paclitaxel–coated balloon (PCB) or paclitaxel–eluting stent (PES) groups. 

[1] Xu B, Gao R, Wang J, et al. A prospective, multicenter, randomized trial of paclitaxel–coated balloon versus paclitaxel–eluting 
stent for the treatment of drug–eluting stent in–stent restenosis: results from the PEPCAD China ISR trial. JACC Cardiovasc Interv. 
2014;7(2):204–11.
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The primary endpoint of the study was the in–segment late lumen loss (LLL) within 9 months. The study 
showed that within 9 months, the in–segment late lumen loss in the PCB group was not inferior to that of the 
paclitaxel–eluting stent group (0.46 ± 0.51 mm vs. 0.55 ± 0.61 mm; p for non–inferiority = 0.0005) (Figure 
3–2–11). The 12–month composite clinical event rates were not significantly different between the groups. 
PCB angioplasty offers an effective treatment as PES for DES restenosis without the necessity of implanting 
additional metal layers.
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Figure 3–2–11 The Comparison of Minimal Lumen Diameter between Two Groups

3.2.2.8 A Randomized Comparison of A Novel Abluminal Groove–filled Biodegradable 
Polymer Sirolimus–eluting Stent with A Durable Polymer Everolimus–eluting 
Stent: TARGET I Trial. [1]

A total of 458 patients with single de novo native coronary lesionswere randomized to treatment with 
either the biodegradable polymer sirolimus–eluting stent (FIREHAWK) (n=227) or the durable polymer 

[1] Gao RL, Xu B, Lansky AJ, et al. A randomised comparison of a novel abluminal groove–filled biodegradable polymer sirolimus–
eluting stent with a durable polymer everolimus–eluting stent: clinical and angiographic follow–up of the TARGET I trial. Euro 
Intervention. 2013,9(1):75–83.
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everolimus–eluting stent (XIENCE V) (n=231). The primary endpoint of the study was the in–stent late 
lumen loss (LLL) during a nine–month follow–up. The secondary endpoint, target lesion failure (TLF), was 
defined as the composite of cardiac death, target vessel myocardial infarction (TVMI), or the ischaemia–
driven target lesion revascularisation (iTLR). The nine–month in–stent LLL of the FIREHAWK was 
comparable to the XIENCE V (0.13 ± 0.24 mm vs. 0.13 ± 0.18 mm, p=0.94). Cardiac death (0.4% vs. 
0.0%), TVMI (1.3% vs. 1.7%), iTLR (0.4% vs. 0.4%) and TLF (2.2% vs. 2.2%) were similar between the 
FIREHAWK and XIENCE groups after a 12–month follow–up period (p>0.05). No definite/probable stent 
thrombosis was observed in both of these groups. In the TARGET I trial, the novel abluminal groove–filled 
biodegradable polymer SES FIREHAWK was non–inferior to the XIENCE V with respect to in–stent LLL 
for treating patients with single de novo coronary lesions. The incidences of clinical endpoints were low in 
both of the stents after 12–month follow–up.
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Figure 3–2–12 Comparison of In–stent Lumen Loss between Two Groups at 9 Months

3.3 Arrhythmia
3.3.1 Pacemakers, Implantable Cardioverter–defibrillators (ICD) and Cardiac 

Resynchronization Therapy (CRT)

The first application of an artificial cardiac pacemaker in China was in 1962 in Shanghai.[1] Since then, 
pacemaker implant volume has been increasing annually, and the proportion of physiological pacemakers has 

[1] Huo JJ, Fang ZP, Wang WN, et al. The experiment study and preliminary clinical use of two cardiac pacemaker. Chinese J of 
Medicine, 1964. 50:219–224.
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also increased. [1,2,3,4,5]

According to statistics from the Ministry of Health’s online enrollment system (reported at the 
Introduction to Cardiovascular Disease in China in March 2014; military hospitals not included), about 51 
752 pacemakers were implanted in 2013: an increase of 5.0% when compared to those of 2012 (49 502) 
(Figure 3–3–1). Base on the data from the Sixth Population Census in 2010, 36 pacemakers were implanted 
per million people in 2013. This rate was noticeably lower when compared to that of Europe (951 implanted 
per million in 2010). Among the pacemakers implanted in 2012, the percentage of dual–chamber pacemakers 
was close to 60%. The number of implantation cases exceeded 4 000 in the Zhejiang Province and Shanghai, 
and surpassed 3 000 in Beijing, the Jiangsu Province, and the Sichuan Province. In the Guangdong, Shandon, 
Hubei, and Anhui Provinces, the number of implantation cases has reached over 2 000. There was one 
hospital with over 1 000 implantation cases (Fu Wai Hospital for Cardiovascular Disease), which accounted 
for 2.7% of all the implantation cases in China. There were 53 hospitals (5.6%) with 200 implication cases, 
which accounted for 32.8% of all implantation cases across the country in total. Among all the pacemakers 
implanted in 2013, the number of dual–chamber pacemakers was 33 754 (65%), and the rate increased 
annually. 

 

Figure 3–3–1 Pacemaker Implantation Volume (China: 1995–2013)

[1] Wang FZ, Hua W, Zhang S, et al. National investigation of the clinical use of pacemaker in 1998–1999. Chinese J of Cardiac 
Arrhythmias, 2001. 5(4): 229–230.
[2] Wang F, Hua W, Zhang S, et al. National investigation of the clinical use of pacemaker in 2000–2001. Chinese J of Cardiac 
Arrhythmias, 2003. 7(3): 189–191.
[3] Wang F, Hua W, Zhang S, et al. National investigation of the clinical use of pacemaker from 2002 to 2005. Chinese J of Cardiac 
Arrhythmias, 2006. 10(6): 475–478.
[4] Chen YH, Chen H, Wu Y, et al. Cardiac electrophysiology in China. Heart Rhythm, 2007. 4(6):862.
[5] Mond HG, Proclemer A. The 11th world survey of cardiac pacing and implantable cardioverter–defibrillators: Calendar year 
2009 – A world society of arrhythmia’s projet. Pacing Clin Electrophysiol, 2011. 34(8): 1013–1027.
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Figure 3–3–2 Indications for Pacemaker Implantation (China: 2013) (%)

Statistical reports showed that in 2005 the percentage of dual–chamber pacemaker implantation cases was 
51.5%. It totals 52.9% (26 318 cases) when uni–atrial pacemakers (AAI/R) and other physiologic pacemakers 
were included, which exceeds that of non–physiologic pacemakers. Among the indications for cardiac pacing 
in 2013, 51% were associated with the treatment of sick sinus syndrome (SSS) (26 318 cases), 39% were 
related with atrioventricular block (20 240 cases), and 10% were caused by other factors (7 120 cases). This 
situation followed a similar pattern to that observed in 2012. (Figure 3–3–2)

In 1996, the first trans–jugular implantable cardioverter–defibrillator (ICD) placement was performed 
in China. A total of 285 ICDs were implanted between 1996 and2001. In 2005, 186 ICDs were implanted 
nationwide. From 2002 to 2005, the number of implanted ICDs steadily increased. A study of the indications 
for ICD implantation in 31 domestic hospitals from January 2005 to December 2006 showed that 121 cases 
(85.2%) met the criteria in the 2002 ACC/AHA/NASPE Class I ICD guidelines (secondary prevention). 
Only 15 cases (10.6%) matched with the Class IIa indication for primary prevention.[1] Subsequent analysis 
demonstrated that among the 497 patients who fit the Class I indication for ICD implantation, only 112 
patients (22.5%) actually accepted ICDs implantation. The remaining 77.5% of the patients refused ICDs 
implantations. A 11 +/– 3 months follow–up survey showed that the mortality rates were 1.8% among 
patients who received ICDs and 9.4% among those who did not receive ICDs. The incidence of sudden 
cardiac death was 6.7%. [2] 

A prospective observational study was conducted in Fu Wai Hospital from 2004 to 2009. A total of  

[1] Hua W, Zhang S, Niu HX, et al. Primary and secondary prevention of sudden cardiac death with implantable cardioverter 
defibrillator: Analysis the indications of ICD in 31 hospital patients. Chinese J of Cardiac Arrhythmias, 2010. 14(1): 9–11.
[2] Hua W, Niu H, Fan X,et al. Preventive effectiveness of implantable cardioverter defibrillator in reducing sudden cardiac death 
in the Chinese population: a multicenter trial of ICD therapy versus non–ICD therapy. J Cardiovasc Electrophysiol. 2012;23Suppl 
1:S5–9.
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1 018 consecutive patients with myocardial infarction were enrolled in this study. These patients had Class II/
III heart failure (New York Heart Association) for at least 40 days, with LVEF ≤ 35%, and were unable or 
unwilling to receive ICD implantation. During the follow–up at an average of 2.8 years, the sudden cardiac 
death (SCD) rate was 5% and the all–cause mortality rate was 7.4%. The annual incidence of SCD was 1.8%. 
Based on the multivariable Cox regression analysis, the risk of SCD could be predicted by age (HR 1.05, 
95% CI 1.02 to 1.09), EF ≤ 25% (HR 1.82, 95% CI 1.04 to 3.21) and non–revascularisation (HR 3.97, 95% 
CI 2.15 to 7.31). It was suggested that revascularisation reduced the risk of SCD in post–MI patients.[1] A 
survey conducted in 2009 (including military hospitals) showed that the number of national ICD implantation 
cases was 1 316 and the number of ICD replacement was 116. [2] The total number of ICD implantation in 
2011 was 1 228, 19.6% higher than in 2010 (1 027). Dual–chamber ICD implantations accounted for 14.7% 
(179) of all implantations. Based on the 2010 Sixth Population Census, only one ICD was implanted in every 
1 million people in 2010 and 2011, noticeably lower than that of Europe (158 per 1 million). The average 
age of the patients with ICD implantation was 59.33 and 889 patients were male (72.4%). 58.8% (722) of 
the ICD implantations were used for secondary prevention and 41.2% for primary prevention (506). Among 
all the implanted ICDs, 100 were for replacements (8.14%) and 126 carried remote monitoring technology 
(10.26%). [3] There were 1 553 ICDs implanted in China in 2012, 23.5% higher than in 2011. Among ICDs 
implanted, dual–chamber ICDs accounted for 33%. The number of total implantations was 2 726 when CRT–
D included. Two implantation cases were found among every million people. This rate was still much lower 
than that of European countries (158 per million in 2010).

According to statistics from the Ministry of Health’s online enrollment system, there were 1 903 ICDs 
implanted in China in 2013, a 15.2% increase since 2012. Among these implantations, dual–chamber 
ICD implantations accounted for 45% (603 cases. The percentage of ICDs implantation for the secondary 
prevention was 55% (1 048 cases), slightly increased compared to the percentage of 42.7% in 2012. The 
percentage for the primary prevention was 45% (855 cases). The number of total implantations was 2 942 if 
CRT–D was included. Two implantation cases were found among every million people. This ratio was again 
much lower than that of European countries. 

Beginning in 1999, China started using biventricular pacing therapy to treat heart failure. From 2002 to 
2007, the number of CRT implantations increased by at least 30% each year. Based on the data collected 
from 193 hospitals in 2007, the number of CRT implantations was 541, including 59 CRT–D implantations. 
401 patients were males (74.12%) 20–90 (60 +/– 12) years old. [4] A total of 1 822 CRT implantations were 
performed in 2011, 19.3% more than those in 2010 (1,573), including 987 CRT–P (54%) and 835 CRT–D 
(46%) implantations. According to the 2010 Sixth Population Census, CRT implantations were performed 

[1] Fan X, Hua W, Xu Y, et al. Incidence and Predictors of Sudden Cardiac Death in Patients with Reduced Left Ventricular Ejection 
Fraction after Myocardial Infarction in an Era of Revascularization. Heart. 2014;100(16):1242–9.
[2] Mond HG, Proclemer A.The 11th World Survey of Cardiac Pacing and Implantable Cardioverter–Defibrillators: Calendar Year 
2009–A World Society of Arrhythmia’s Project. Pacing ClinElectrophysiol, 2011;34:1013–27.
[3] Chen FR. Progress in the utilization of pacemaker in China. China Continuing Medical Education, 2011. 11(3): 3–8.
[4] Hua W, Huang DJ, Chen FR, et al. Cardiac resyncronization therapy survey in China. Chinese J of Cardiac Arrhythmias, 2008. 
12(6): 474–476.
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in less than 1 patient per million (0.68 per million in 2010, 0.74 per million in 2011), still far less than that 
of Europe (31 per million in 2010). The average age of patients receiving CRT transplantation was 62.37 
years old. 1 335 of these patients were males (71.16%). Among them, 160 CRT implantations were for 
replacements (0.11%) and 124 carried remote monitoring capacity (8.17%). (Figure 3–3–4) [1] There were 2 
210 CRT implantation cases in 2012, an increase of 17.8% since 2011. CRT–D implantation cases accounted 
for about 53%. The statistics from the Ministry of Health’s online enrollment system reported about 2 198 
CRT implantations were performed in 2013, among which CRT–D implantations accounted for about 56%, 
slightly increased when compared to those in 2012. The rate of CRT implantation per million people was still 
much lower than that of European countries. In terms of the indications for CRT, ischemia cardiomyopathy 
accounted for 25.3% of all cases. 
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 Figure 3–3–3 ICD Implantation Volumes by Year (China: 2002–2013)
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Figure 3–3–4 CRT Implantation Volumes by Year (China: 2002–2013) 

[1] Chen FR. Progress in the utilization of pacemaker in China. China Continuing Medical Education, 2011. 11(3): 3–8.
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3.3.2 Radiofrequency Catheter Ablation

China reported clinical applications of radiofrequency catheter ablation (RFCA) as early as 1991. [1] After 
the mid–1990s, the application of RFCA increased rapidly (Figure 3–3–5). [2] Currently, the application of 
RFCA for pre–excitation syndromes and supraventricular tachycardia is well accepted in over 600 Chinese 
hospitals. The statistics from the Ministry of Health’s online enrollment system showed that 63 355 ablations 
were done in 2011, increased by 16.1% compared with those in 2010 (54 559). The average age of patients 
was 47.7 years old and 50.94% patients were males (32 274). [3] According to the 2010 Population Survey, 
41 RFCA cases were found per million people. That number rose to 47 cases per million people in 2011. 
The statistics from the Ministry of Health’s online enrollment system reported that about 74 410 RFCA 
procedures were performed in 2012, 17.5% more than those in 2011. The percentage of RFCA cases for 
atrial fibrillation was about 16.6%. In 2012, RFCA cases in Beijing exceeded 7 000, exceeded 5 000 cases in 
Zhejiang, Jiangsu, Guangdong Provinces and Shanghai city. Only one hospital’s RFCA cases exceeded 3 000 
(Fu Wai Hospital for Cardiovascular Diseases), accounting for 5.2% of the total cases across the country. 30 
hospitals reported at least 500 RFCA cases annually, accounted for 38.8% of all cases. Based on the statistics 
from the Ministry of Health’s online enrollment system, 83 450 RFCAs were performed in 2013, which 
was an increase of 13.5% when compared to 2012. Of RFCAs performed in 2013, 17.7% were for atrial 
fibrillation. The case volume of RECA displayed an increasing trend. In addition, the case volumes of RFCA 
for atrial fibrillation was higher than that of 2012. 

 

Figure 3–3–5 RFCA Case Volumes by Year (China: 1995–2013)

Among the RFCA cases in 2013, 25 588 (30.7%) of them were performed for AV nodal re–entry 

[1] Li GS, Gao HN, Xu JL, et al. “Treatment of pre–excitation syndrome through radiofrequency catheter ablation. Cardiac Pacing 
and Electrophysiology, 1991. 5(2): 57–59.
[2] Hu DY, Chen X, Ma CS, et al. National survey on radiofrequency catheter ablation in China. Chinese J of Cardiac Arrhythmias, 
2002. 6(2): 124–127.
[3] Chen FR. Progress in the utilization of pacemaker in China. China Continuing Medical Education, 2011. 11(3): 3–8.
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tachycardia (AVNRT) and 21 809 (26.1%) were performed for AV re–entry tachycardia (AVRT). The overall 
percentage of RFCA cases for paroxysmal supraventricular tachycardia was 56.8%, 2 872 (3.4%) for atrial 
flutter, 14 752 (17.7%) for atrial fibrillation, 7 262 (8.7%) for premature ventricular contractions, and 2 917 
(3.5%) for ventricular tachycardia. 2 559 cases were for atrial tachycardia (Figure 3–3–6). Compared to the 
disease categories in 2012, the percentage of supraventicuar tachycardia decreased slightly; the percentage 
of atrial fibrillation increased from 13.9% to 17.7%; there was a significant decrease in terms of atrial flutter, 
and slight increase when it came to premature ventricular contractions as well as ventricular tachycardia.

 Figure 3–3–6 Diseases Treated by RFCA (China: 2013) (%)

3.3.3 Atrial Fibrillation

An early survey on atrial fibrillation (AF) showed that the prevalence of AF among patients at least 35 
years old was 0.74% for males and 0.72% for females. Among all the patients, 30.9% of AF cases were a 
first–time diagnosis, 33.0% were paroxysmal, 7.2% were sustained, and 28.9% were permanent. [1]  
A recent publication, based on a survey conducted in 2004 in 10 different regions (4 cities and 6 rural 
areas), showed that the prevalence rates of AF in people 35–59 years old and those over 60 were 0.42% 
and 1.83%, respectively. After adjusting for age and gender, the prevalence rate was 0.77% (males 0.78%, 
females 0.76%). 19% of males and 30.9% of females with AF also showed valvular heart diseases. History of 
myocardial infarction, left ventricular hypertrophy, obesity, and alcoholism were identified as the risk factors 
for AF. [2] 

Led by Fu Wai hospital, a prospective observational study recruited 2 016 patients who were admitted to 
emergency departments due to atrial fibrillation or atrial flutter in twenty representative medical centers. [3] 
Multivariate Cox regression analysis showed that the independent risk factors for stroke were female gender, 

[1] Zhang S. Atrial fibrillation in mainland China: epidemiology and current management. Heart, 2009. 95(13): 1052–1055.
[2] Li Y, Wu Y, Chen K, et al. Prevalence of atrial fibrillation in China and its risk factors. Biome Environ Sci, 2013. 26(9): 709–716.
[3] Yang YM, Shao XH, Zhu J, et al. Risk factors and incidence of stroke and MACE in Chinese atrial fibrillation patients presenting 
to emergency departments: A national wide database analysis. Int J Cardiol. 2014;173(2):242–7.
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age ≥ 75, stroke/ transient ischemic attack history, left ventricular systolic dysfunction, and previous major 
bleeding. Chronic obstructive pulmonary disease (COPD) was the independent risk factor for major adverse 
cardiac events (MACE). The analysis of the baseline data showed that among the 2 016 patients, 30.7% of 
them were diagnosed with paroxysmal AF, 22.4% were with persistent AF, and 46.9% were with permanent 
AF. [1] The most common comorbidities were hypertension (55.5%), coronary artery disease (41.8%), and 
heart failure (HF, 37.4%). Among the patients with non–valvular AF, 110 (12.7%) of those patients who 
were with CHADS2 (congestive HF, hypertension, age of 75 years and greater, diabetes mellitus and history 
of stroke) ≥2 were prescribed oral anticoagulants (OAC), while 119 (15.6%) of those with CHADS2 <2 
received such agents. Among the 324 patients with valvular AF, 134 (41.4%) received the OAC treatment. 
Only 96 of these patients (26.4%) showed international normalized ratio values that were within the target 
range (2.0–3.0). Moreover, 16.2% of all the patients received more than one anti–arrhythmic agent, whereas 
atrial rate control agents were used more frequently (68.4%). [2] A further analysis on the association between 
body mass index (BMI) and cardiovascular disease events was conducted. It was found that patients who 
were underweight had the highest mortality rates, and those who were a normal weight or overweight and 
obese had relatively higher survival rates and lower MACE. Among the recruited patients, 570 were 65–74 
years old, and 766 were ≥ 75. The patients in the more senior group were more likely to suffer from coronary 
artery disease, hypertension, previous stroke, cognitive disorder, and chronic obstructive pulmonary disease. 
They also showed higher CHADS2scores, but were less likely to accept prescribed medications. When 
compared with the group 65–74 years old, the group ≥ 75 displayed a twofold increased risk of death or 
MACE during the 1–year follow–up survey. Based on multivariable Cox analysis, secondary AF diagnosis, 
history of chronic obstructive pulmonary disease, and left ventricular systolic dysfunction were independent 
predictors of MACE in the group ≥ 75 years old . [3] Among the 1 975 patients with AF, there were 227 
(11.5%) patients with concomitant COPD. COPD was an independent risk factor for both all–cause mortality 
and cardiovascular mortality during the one year follow–up survey. Although anticoagulation treatment was 
inadequate, it was not a risk factor for stroke among the patients with AF. [4]

A study on anticoagulation therapy for non–valvular AF enrolled 988 patients at risk for a 
thromboembolism and randomly separated them into three therapy groups: a standard–intensity warfarin 
(international normalized ratio (INR) 2.1 to 2.5) group, a low–intensity warfarin (INR 1.6 to 2.0) group, and 
an aspirin (200 mg per day) group.[5] After follow–up surveys with an average duration of 15 months, the 
annual incidence of thromboembolism was 2.3%, 2.6%, and 6.4%, respectively. The incidence in the warfarin 

[1] Zhang H, Yang Y, Zhu J, et al. Baseline characteristics and management of patients with atrial fibrillation/flutter in the emergency 
department: results of a prospective, multicenter registry in China. Intern Med J. 2014;44 (8):742–8.
[2] Wang J, Yang YM, Zhu J, et al. Overweight is associated with improved survival and outcomes in patients with atrial fibrillation. 
Clin Res Cardiol. 2014;103(7):533–42.
[3] Shao XH, Yang YM, Zhu J, et al. Comparison of the clinical features and outcomes in two age–groups of elderly patients with 
atrial fibrillation.  Clin Interv Aging. 2014 Aug 12;9:1335–42.
[4] Huang B, Yang Y, Zhu J, et al. Clinical characteristics and prognostic significance of chronic obstructive pulmonary disease in 
patients with atrial fibrillation: results from a multicenter atrial fibrillation registry study. J Am Med Dir Assoc. 2014;15(8):576–81.
[5] Chen KP, Huang CX, Huang DJ, et al. Anticoagulation therapy in Chinese patients with non–valvular atrial fibrillation: a 
prospective, multi–center, randomized, controlled study. Chin Med J, 2012. 125(24): 4355–4360.
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treatment groups was significantly lower than that in the aspirin treatment group (P = 0.018 and P = 0.044), 
but there was no statistical significance in terms of the difference between the standard intensity and low 
intensity warfarin anticoagulation groups. The incidence of excessive bleeding was 2.9%, 2.8%, and 1.0%, 
respectively, with no statistically significant differences (P = 0.101). Low–intensity warfarin (INR 1.6 – 2.0) 
and standard–intensity warfarin (INR 2.1– 2.5) were equally effective. In 2011, the Geriatrics Expert Group 
of Chinese Medical Association published China’s first Expert Opinion on Treatment of Atrial Fibrillation 
for Elderly Patients,[1] revealing the features of elderly patients in terms of stroke risk evaluation, ventricular 
rhythm and antiarrhythmic medications, and antithrombotic therapies. 

New oral anticoagulation medications do not require constant monitoring during the course of treatment, 
allowing more convenient long–term treatment for the patients: some examples include direct thrombin 
inhibitors like dabigatran and direct factor Xa inhibitors like rivaroxaban and apixaban. Based on the studies 
of RE–LY, ROCKET–AF, and ARISTOLE, it was determined that these new anticoagulation medications 
were able to effectively decrease the incidences of stroke and thromboembolism, and also reduce the risk 
of bleeding and all–cause mortality. [2,3,4] Their clinical applications provided new options that were safe and 
effective for the prevention of thromboembolism and its complications to patients with atrial fibrillation. 
In the RE–LY study, 569 patients were enrolled from 11 medical centers in China. This study provided 
accumulated clinical evidence and experience for using dabigatran medication. [5] In the ROCKET–AF study, 
496 patients were enrolled from 37 medical centers in China, which could potentially provide evidence for 
the use of new anticoagulation medications in China. [6]

An analysis of registration data from 40 hospitals showed that from 1998 to 2007, the number of patients 
treated with catheter–guided ablation for atrial fibrillation rapidly increased, with only 11 cases in 1998 to 
2 620 cases in 2007. The primary techniques of this therapy were circumferential pulmonary vein ablation 
and segmental pulmonary vein ablation. The total success rate was 77.1%, recurrence rate was 22.9%, 
and complication rate was 5.3%. [7] Since 2008, China has been building a national online platform for 
atrial fibrillations to facilitate data collection and statistical analysis of RFCA therapy for atrial fibrillation 
treatment. By 2010, the database had already received the medical records of nearly 20 000 cases, but the 
number of actual cases far exceeded that of the cases recorded online. Registration data in 2010 showed 

[1] Expert Opinion on Treatment of Atrial Fibrillation for Elderly Patients, Writing Group. Expert Opinion on Treatment of Atrial 
Fibrillation for Elderly Patients. Chinese J of Geriatrics, 2011. 30(11): 894–908.
[2] Ezekowitz MD, Connollys, Parekh A, et al. Rationale and design of RE–LY: Randomized evaluation of long–term anticoagulant 
therapy, warfarin, compared with dabigatran. Am Heart J, 2009. 157(5): 805–810.
[3] Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl J Med 2011; 
365(10): 883–891.
[4] Granger GB, Alexander JH, McMurry JJ, et al. Apixaban versus warfarin in patients with atrial fibrillation. N Engl J Med 2011; 
365(11): 981–992.
[5] Ezekowitz MD, Connollys, Parekh A, et al. Rationale and design of RE–LY: Randomized evaluation of long–term anticoagulant 
therapy, warfarin, compared with dabigatran. Am Heart J, 2009. 157(5): 805–810.
[6] Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl J Med 2011; 
365(10): 883–891.
[7] Cao KJ, Chen X. Current situation and prospect of catheter–guided ablation for atrial fibrillation. Chinese J of Cardiac 
Arrhythmias, 2009. 13(3): 167–169.
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that there were 4 253 RFCA performed for atrial fibrillation. Currently, circumferential pulmonary vein 
isolation is still the most commonly used technique of RFCA for AF, accounting for 65.1% in all cases. 
The percentages of both pulmonary vein ablations with complex fractionated atrial electrograms and with 
stepwise ablation reached 11.3% and 13.6%, respectively, presented an increasing trend. [1]

3.3.4 Other Arrhythmias

A retrospective study of the patients in cardiology departments of 22 provincial hospitals across the nation 
revealed that the patients with arrhythmia accounted for 26.8% of all cardiology inpatient diagnoses. Among 
patients with arrhythmia, the percentage of those with atrial fibrillation was highest (35.0%), followed by 
the percentage of those with paroxysmal supraventricular tachycardia (28.0%), sick sinus syndrome (11.9%) 
and premature ventricular contractions (11.6%).[2] A study conducted in Hubei Province, which enrolled 16 
681 patients with chronic congestive heart failure, showed that the incidence of premature atrial beats, atrial 
tachycardia, and atrial fibrillation were 35.39%, 23.57%, and 40.81%, respectively. Atrial tachycardia and 
atrial fibrillation incidences increased with age and LVEF reduction.[3] 

3.3.5 Sudden Cardiac Death (SCD)

A survey with one–year of follow–up among 678 718 people from July 2005 to June 2006 found that there 
were 2 983 cases of death, among which sudden cardiac death (SCD) accounted for 9.5% (284 cases). The 
incidence of SCD was 41.8/100 000 with a higher rate among males compared to that of females (44.6/100 
000 vs. 39.0/100 000). Most of the sudden cardiac death cases occurred among people older than 65 years old 
with only 2 cases of SCD occurring in people younger than 25. The estimated number of SCD cases across 
China was 544 000 per year.[4,5]

Another follow–up survey of 497 patients who fit the indication of class I for ICD implantation were 
recruited from 31 domestic hospitals from January 2005 to December 2006. This study demonstrated that 
the incidence of SCD was 5%, 7%, and 8% in the 3–month, 6–month, and 12–month follow–up surveys, 
respectively.[6]

[1] Huang CX, Zhang S, Ma CS, et al. National registry of catheter–guided ablation for atrial fibrillation–2008. Chinese J of Cardiac 
Arrhythmias, 2011. 15(4); 247–251.
[2] Wang ZW, Wang X, Shao L, et al. Survey on the type of arrhythmias among hospitalized patient. Chinese J of Cardiac 
Arrhythmias, 2009. 13(5): 395–398.
[3] Yu SB, Huang H, Cui HY, et al. Survey on the distribution of the atrial arrhythmias among patients hospitalized wit heart failure 
in Hubei. Chinese J of Cardiac Arrhythmias, 2011. 15(6): 405–408.
[4] Hua W, Zhang LF, Wu YF, et al. Incidence of sudden cardiac death in China: analysis of 4 regional populations.J Am Coll 
Cardiol,2009,54:1110–1118.
[5] Zhang S. Sudden cardiac death in China. Pacing Clin Electrophysiol 2009, 32:1159–1162.
[6] Hua W, Niu H, Fan X,et al. Preventive effectiveness of implantable cardioverter defibrillator in reducing sudden cardiac death 
in the Chinese population: a multicenter trial of ICD therapy versus non–ICD therapy. J Cardiovasc Electrophysiol. 2012;23 Suppl 
1:S5–9.
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3.4 Heart Failure (HF)

Heart failure (HF) is the serious condition or the end stage of various heart diseases. Due to its high 
prevalence, poor prognosis, as well as the huge financial burden it brings about, HF has become a major 
public health issue.

3.4.1 Prevalence of Heart Failure

According to a survey among 15 518 subjects from 20 different urban and rural regions in 10 provinces 
and direct–controlled municipalities, [1] the prevalence of chronic heart failure in Chinese adults aged 35–74 
was 0.9% (0.7% and 1.0% in males and females, respectively). By estimation, the total number of heart 
failure patients in this age group was 4 million. The 10 provinces where this survey was conducted included 
five southern provinces (Jiangsu, Hubei, Fujian, Guangxi, and Sichuan) and five northern provinces/cities 
(Beijing, Jilin, Shaanxi, Qinghai, and Shandong). The number of people from urban and rural areas were 
equal as well as the percentage of males and females in them. The prevalence rates of CHF in Northern 
Chinese provinces were significantly higher than those of southern Chinese provinces (1.4% vs., 0.5%, P 
<0.01). The prevalence of CHF in urban areas was significantly higher than that in rural areas. (1.1% vs., 
0.8%, P = 0.054).

3.4.2 Etiology and Pharmacotherapy of Heart Failure

A recent retrospective study [2] among 16 681 cases of chronic restrictive heart failure in 12 tertiary 
hospitals in Hubei province between Jan 1st, 2000 to May 31st, 2010 gathered a variety of epidemiologic 
data (Table 3–4–1). Analysis of different age and gender groups showed: 1) The prevalence of dilated 
cardiomyopathy decreased gradually with age and was higher in males than in females; 2) The proportions 
of CAD and HTN–induced heart failures increased with age; 3) The proportion of rheumatic heart disease 
decreased with age and was greater in females than in males (Table 3–4–2). A study by the researchers at the 
General Hospital of the People’s Liberation Army on 6 949 CHF patients who were admitted to inpatient 
services concluded that the four most common causes for CHF were: CAD (45.0%), HTN (38.7%), valvular 
disease (27.5%), and DM (18.3%) (Figure 3–4–1). [3] More detailed analysis showed that among the patients 
with only one primary cause, valvular disease (34.3%) was the most common cause for them. Among the 
patients with 5 or more co–morbidities, the three most common causes were CAD (87.9%), HTN (78.4%), 
and DM (66.3%). The medications used for heart failure are shown in Table 3–4–3

[1] Gu DF, Huang GY, He J, et al. The epidemiology and prevalence of heart failure in China. Chinese Journal of Cardiology. 2003, 
31(1): 3–6.
[2] Yu SB, Zhao QY, Cui HY, et al. Investigation on the prevalence and related factors of medicinal therapy in patients with chronic 
systolic heart failure. Chinese J of epidemiology. 2012; 33(2): 229–233.
[3] Yin QX, Zhao YS, Li JY, et al. The Coexistence of Multiple Cardiovascular Diseases is an Independent Predictor of the 30–Day 
Mortality of Hospitalized Patients with Congestive Heart Failure: A Study in Beijing. Clin Cardiol. 2011; 34(7): 442,446.
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Table 3–4–1 Epidemiologic Data of 16 681 Cases of Heart Failure in Hubei Province

Variables Total
（n=16 681）

Living
（n=10 228）

Deceased
（n=6 453） P–value

Female 6 794（40.73） 4 668（45.64） 2 126（39.01） ＜0.001

Age（years） 63.42±11.16 61.75±11.75 65.37±13.90 ＜0.001

Hear rate（bpm） 85.31±20.14 83.57±22.60 87.49±23.11 ＜0.001

NYHA III–IV 12 668（75.94） 7 236（70.75） 5 432（84.18） ＜0.001

DM 2 700（16.19） 1 317（12.88） 1 383（21.43）   0.211

HTN 7 939（47.59） 4 888（47.79） 3 051（47.28）   0.545

A–Жb 6 807（40.81） 3 792（37.07） 3 015（46.72） ＜0.001

LVEDD（mm） 53.64±69.78 50.20±11.72 58.01±9.44 ＜0.001

LVEF（%） 37.96±10.41 40.31±7.02 30.82±8.02 ＜0.001

ACEI 8 607（51.60） 4 618（48.08） 3 689（57.17） ＜0.001

BB 7 770（46.58） 5 174（50.59） 2 596（40.23） ＜0.001

ARB 3 116（18.68） 1 890（18.48） 1 226（19.00） ＜0.001

Digoxin 7 713（46.24） 4 330（42.33） 3 383（52.43） ＜0.001

Diuretics 11 532（69.13） 6 744（65.94） 4 788（74.20） ＜0.001

Note：LVEDD，left ventricular end–diastolic dimension；LVEF，left ventricular ejection function；ACEI, angiotensin–converting–enzyme 
inhibitor；BB，βblocker； ARB，angiotensin II receptor blocker

Table 3–4–3 Causes of Heart Failure of 16 681 Cases in Hubei Province

Age 
(years)

Diastolic HF
(N/%)

CAD(N/%) HTN(N/%) Rheumatic HD (n%)

Male Female Male Female Male Female Male Female

<30 154/66.38 61/29.33 5/2.16 3/1.44 10/4.31 5/2.4 48/20.69 79/37.98

30–39 206/52.69 56/20.29 22/5.63 1/0.36 45/11.51 21/7.61 88/22.51 133/48.19

40–49 529/50.43 158/21.44 136/12.96 42/5.7 173/16.49 82/11.13 174/16.59 413/56.04

50–59 742/40.33 344/26.56 446/24.24 170/13.13 422/22.93 292/22.55 243/13.21 505/39.00

60–69 687/31.70 344/19.49 710/32.76 486/27.54 625/28.84 579/32.80 144/6.65 370/20.96

70–79 459/15.72 175/7.90 1482/50.75 1017/45.93 988/33.84 934/42.19 91/3.12 142/6.41

≥80 41/4.57 30/4.35 480/53.51 373/54.14 362/40.36 296/42.96 3/0.33 18/2.61
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Figure 3–4–1 Etiology of Heart Failure in the General Hospital of the People’s Liberation Army

Table 3–4–3 Medications Usage by Drug Class

Region Year No. of 
Patients

Medication（%）

Nitrate Diuretic Digoxin ARB ACEI Spironolactone BB CCB

Tianjin[1]

1973–1982 542 30.3 58.7 61.3 — —  5.9  9.0 14.8

1983–1992 1 253 70.6 67.8 71.6 — 24.2 10.1  8.3 35.2

1993–2002 3 394 91.4 75.4 67.9 4.0 70.9 23.1 25.3 21.6

42 different 
hospitals[2]

1980 1 756 44.7 63.7 51.7 0.4 14.0 10.0  8.5  6.1

1990 2 181 36.0 70.2 45.5 1.4 26.4  8.4  9.5 16.4

2000 6 777 53.0 48.6 40.3 4.5 40.4 20.0 19.0 10.5

Shanghai[3]
1980 2 178 74.4 77.1 60.0 — 0.6 —  6.8 —

1990 — — — — — 38.9 —  5.7 41.3

Primary 
Hospitals in 
17 different 
regions[4]

2000 — — — — 11.5 70.8 — 25.0 14.2

2006 2 100 — 90.0 60.0 5.8 50.0 40.0 —

Hospitals [5] 2005–2009 2154 —  74.37 — 65.97 65.97  74.61  68.29 —

Note: BB, βblocker; ACEI, angiotensin–converting–enzyme inhibitor; ARB, angiotensin II receptor blocker; CCB, calcium channel blocker.

[1] Ma JP, Wang L, Dang Q, et al. Retrospective analysis of drug treatment on inpatients with chronic heart failure. Chinese J of 
Epidemiology. 2007, 28(1): 78–82
[2] Chinese Society of Cardiology. Retrospective investigation of hospitalized patients with heart failure in some parts of China in 
1980, 1990 and 2000. Chinese J of Cardiology. 2002 30(8): 450–454
[3] Shanghai Cooperation of Heart Failure Investigation. The evolving trends in the epidemiologic factors and treatment of 
hospitalized patients with congestive heart failure in Shanghai during years of 1980, 1990,and2000. Chinese J of Cardiology. 2002, 
30(1): 24–27
[4] Cao YM, Hu DY, Wang HY, et al. A survey of medical therapies for chronic heart failure in primary hospitals in China. Chinese J 
of Internal Medicine. 2006, 45 (11): 907–909
[5] Liu X, Yu H, Pei J, et al. Clinical Characteristics and Long–term prognosis in patients with chronic heart failure and reduced 
ejection fraction in China. Heart Lung Circ. 2014,23:818–826
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3.4.3 In–hospital Mortality among Patients with Chronic Heart Failure

A recent retrospective survey in patients hospitalized with CHF patients from 1993 to 2007 in the General 
Hospital of the People’s Liberation Army revealed that the 30–day mortality rate for CHF was 5.4%. [1] For 
women who were between 18–39 and over 80 years old, the mortality rates during hospitalization were 
approximately twice as large as those of their male counterparts (3.2% vs. 1.8%, p=0.148; 16.1% vs. 11.4%, 
p=0.086). With the increase of age and comorbidities, both men and women endured higher in–hospital 
mortality (Figure 3–4–2 and 3–4–3).

 

Figure 3–4–2 In–hospital Mortality by Age and Gender

Figure 3–4–3 In–hospital Mortality by Gender and Number of Co–morbidities

[1] Yin QX, Zhao YS, Li JY, et al. The Coexistence of Multiple Cardiovascular Diseases is an Independent Predictor of the 30–Day 
Mortality of Hospitalized Patients with Congestive Heart Failure: A Study in Beijing. Clin Cardiol. 2011; 34(7): 442–446.
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3.4.4 Long–term Outcomes of Patients with Heart Failure

Researchers from Henan Provincial People’s Hospital reported that after follow–up surveys with a 
median duration of 31 months (range, 8–61 months), 191 mortalities (28%) were recorded, 127 of which 
were due to pump failure (19%) and 42 of which were sudden deaths (6%) [1] Among the patients with an 
LVEF of ≤ 35%, the all–cause mortality rate was 37% (n=137), pump failure accounted for 25%, and 
sudden death accounted for 8%. For the patients with an LVEF of 36–45%, the rates of all–cause mortality, 
pump failure and sudden death were 17% (n=54), 12%, and 4%, respectively. The survival rates derived 
from the Kaplan–Meier estimated survival curves of 3, 4 and 5–year for these two groups are shown in Table 
3–4–4. A Cox proportional hazards regression model indicated that the predictors of all–cause mortality were 
age, body mass index (BMI), New York Heart Association functional class, and rejection of oral β–blockers 
medication at discharge. The all–cause mortality rate significantly increased with decreased BMI.

Table 3–4–4 Unadjusted All–cause Mortality and Kaplan–Meier Estimated Survival Rate
All Patients
（n=685）(%)

LVEF≤35%（n=371） 36%≤LVEF≤45%（n=314）

All–cause death 191（28） 137（37） 54（17）

3–year survival rate 71 61 83

4–year survival rate 56 47 66

5–year survival rate 34 25 46

Note: LVEF: left ventricular ejection fraction

A prospective study, which was conducted in 10 hospitals in China, recruited 2 154 patients with heart 
failure, among which 767 were diagnosed with dilated cardiomyopathy and 1 387 were diagnosed with 
ischemic cardiomyopathy. [2] After a median of 52 months’ follow–up, 850 patients died. 359 (42.24%) of 
these patients were diagnosed with dilated cardiomyopathy and 491 (57.76%) with ischemic cardiomyopathy.

The Center of heart failure in Fu Wai Hospital recently recruited 128 heart failure patients with non–
ischemic cardiomyopathy. [3] After follow–up surveys with a mean duration of 31 months, they found that 62 
patients (48%) achieved normal LVEF levels by only taking medication, with a significant increase in LVEF 
levels from 32±6% at baseline to 58±5% during follow–up (an increase of 28±8%) (p <0.001). This 
increase in LVEF was associated with a marked decrease in LVEDD from 63±5 to 52±4 mm (p <0.001). 
Multivariate analysis demonstrated that the patients with a history of hypertension, higher systolic blood 
pressure, shorter electrocardiographic QRS duration, smaller left ventricular end–diastolic diameter, and 

[1] Xu Y, Shi Y, Zhu Z, et al. Prognosis of patients with heart failure and reduced ejection fraction in China. Experimental and 
therapeutic medicine 2013;6:1437–42.
[2] Liu X, Yu H, Pei J, Chu J, Pu J, Zhang S. Clinical characteristics and long–term prognosis in patients with chronic heart failure 
and reduced ejection fraction in China. Heart, lung & circulation 2014;23:818–26.
[3] Zou CH, Zhang J, Zhang YH, et al. Frequency and predictors of normalization of left ventricular ejection fraction in recent–onset 
non–ischemic cardiomyopathy. Am J of Cardiology, 2014;113:1705–10.
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higher LVEF by echocardiograph at baseline were more likely to restore normal LVEF through drug therapy 
only.

3.4.5 Survey of Medical Treatment for Chronic Heart Failure in Primary Hospital in 
China

To characterize the utilization of medicine among the patients with chronic heart failure in primary 
hospitals, a questionnaire survey was conducted in 2 066 primary hospitals from 17 regions (11 provinces, 
3 municipalities, and 3 autonomous regions). [1] The results demonstrated the treatment pattern was under 
optimal. The utilization rate of large digoxin (dose> 0.25mg/d) was as high as 10%; the utilization rate of 
β–blockers was 40%, only 1% of which was the target dose; the utilization rate of angiotensin converting 
enzyme inhibitors (ACEI) was 80%, only 2% of which met the target dose.

3.4.6 Research on Acute Coronary Syndrome and Acute Heart Failure

In 2011, the BRIG study, which focused on ACS patients with acute heart failure, analyzed the data of 3 
168 patients admitted with a definitive diagnosis of ACS in 65 hospitals from 31 provinces in mainland of 
China and Hong Kong from March to June in 2006. [2] Among all these patients, there were 1 329 patients 
with acute ST–elevation myocardial infarction, 348 patients with non ST–elevation myocardial infarction, 
and 1 491 patients with an unstable angina. During hospitalization, 706 (22.3%) patients developed acute 
heart failure. 262 (8.3%) of the patients had a history of heart failure but didn’t develop acute heart failure. 
Finally, 2 200 (69.4%) patients had no history of heart failure and did not develop acute heart failure.

The average age of the 3 186 patients with ACS was 65 (±12) years old and 68.1% were males. When 
compared to the ACS patients without HF, those ACS patients with HF were more likely to have histories 
of stroke and atrial fibrillation. Among HF patients, those who were diagnosed with acute HF during 
hospitalization were younger (67.8±11.1 vs. 70.0±9.3, p<0.01) and more than half of them were males 
(70.3% vs. 60.3%, p<0.01). They also showed a higher likelihood of being active smokers (26.6% vs. 20.2%, 
p < 0.05) and having STEMI (71.0% vs. 27.9%, p <0.01).The patients with a history of ACS (24.6% vs. 
33.6%, p<0.01) were less likely to develop acute HF during hospitalization.

Compared with the ACS patients without HF, those with HF had a longer hospital stay (12.5 vs. 9.9 days, 
p < 0.01), higher in–hospital mortality (8.4% vs. 0.8%, p < 0.01) and composite outcomes (24.0 % vs. 8.3%, 
p < 0.01). While the length of hospital stay was similar between acute HF patients and HF patients without 
an acute episode during hospitalization (13.2 vs. 11.3 days, p = 0.18). The mortality rate of acute HF patients 

[1] Cao YW, Hu DY, Wang HY, et al. A survey of medical therapies for chronic heart failure in primary hospitals in China. Chinese J 
of Internal Medicine. 2006,45(11):907–909.
[2] Wang N, Zhao D, Liu J, et al. Impact of heart failure on in–hospital outcomes of acute coronary syndrome patients in China– 
Results from the Bridging the Gap on CHD Secondary Prevention in China (BRIG) project. International J of Cardiology, 2012; 
160:15–19.
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was higher than those HF patients without an acute episode (10.8% vs. 1.9%, p < 0.01), similar as the 
composite outcomes (30.3% vs. 6.9%, p<0.01).

When compared to the ACS patients without HF, the ACS patients with HF had longer hospital stays (12.5 
vs. 9.9 days, p<0.01) and a higher in–hospital mortality rate (8.4% vs. 0.8%, p<0.01). However, the acute HF 
patients and the HF patients without acute episodes during hospitalization showed similar lengths of hospital 
stay(13.2 vs. 11.3 days, p=0.18). The mortality rate of acute HF patients was higher than that of those HF 
patients without acute episodes (10.8% vs. 1.9%, p<0.01).

Multivariate logistic regression analysis indicated that, after the adjustment of other potential factors 
affecting the in–hospital outcomes of ACS patients (such as age, gender, hypertension, diabetes, NSTEMI, 
STEMI, in–hospital medications, etc.), acute HF was still a strong independent predictor of ACS patients 
in terms of in–hospital mortality rates and composite end–point events(OR=7.50, 95% CI=4.32–13.02, and 
OR=2.74, 95% CI=2.15–3.48, respectively).

3.5 Pulmonary Arterial Hypertension
3.5.1 Pulmonary Arterial Hypertension (PAH)

3.5.1.1 Screening for PAH in Patients with Congenital Heart Disease

From May 2007 to December 2008, 692 patients with congenital heart disease (CHD) underwent 
echocardiography during their hospitalization in Fuwai Hospital. Among all these patients, 187 (27.0%) had 
atrial septal defect, 456 (65.9%) had ventricular septal defect, and 49 (7.1%) had patent ductus arteriosus 
(Table 3–5–1).[1] Systolic pulmonary arterial pressure higher than 40 mm Hg was used as the criteria for 
the diagnosis of PAH in patients with congenital heart disease (PAH–CHD). In this cohort, there were 329 
(47.5%) patients with PAH–CHD in which 105 (15.2%) had Eisenmenger syndrome, accounting for 31.9% of 
all patients with PAH–CHD. In patients with CHD, the risk of developing PAH increased with age (OR=1.04, 
p<0.001) and the inner diameter of septal defect. Patients with ventricular septal defect (OR 2.78, p<0.001) 
and patent ductus arteriosus (OR=2.50, p<0.001) were more likely to develop PAH (Table 3–5–2).

Table 3–5–1 Characteristics of Patients with Congenital Heart Disease ( ±s)

Characteristics Overall
(N = 692)

Without 
Pulmonary 

Hypertension
(N = 363)

Pulmonary 
Hypertension

(N = 329)
P valuea

Age (years) b 5(1–18) 6(3–19) 2(1–17.5) 0.027

Male / Female 319/373 168/195 151/178 0.939

BMI (kg/m 2) 17±4 18±4 16±4 <0.001

SBP (mmHg) 100±15 102±13 97±16 <0.001

DBP (mmHg) 61±13 63±12 60±14 <0.001

[1] Sun YJ, Feng KJ, He JG, et al. Screening of pulmonary arterial hypertension in patients with congenital heart diseases. National 
Medical of China. 2012,92:1091–1094.
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Characteristics Overall
(N = 692)

Without 
pulmonary 

hypertension
(N = 363)

Pulmonary 
hypertension

(N = 329)
P valuea

Defect diameter (mm)

   Atrial septal defect 22.0±8.4 20.7±7.2 24.9±9.9 0.005

   Ventricular septal defect 9.3±4.8 6.2±2.3 11.9±4.8 <0.001

   Patent ductus arteriosus 6.2±3.2 4.5±1.4 8.2±3.5 <0.001

Pulmonary artery systolic 
pressure(mmHg) 44±24 26±9 64±18 <0.001

Notes: a: is the comparison between patients with or without pulmonary arterial hypertension; b: the data is presented by median (quartiles).BMI: 
Body mass index; SBP: Systolic blood pressure. DBP: Diastolic blood pressure.

 

Table 3–5–2 Independent Factors of Developing PAH in Patients with Congenital Heart Disease 

Factors OR value 95% CI P value

One year increase of age 1.04 1.02–1.06 <0.001

One kg/m2 increase of BMI 0.90 0.85–0.96 0.001

One mmHg increase of SBP 0.97 0.96–0.99 <0.001

One mmHg increase of DBP 1.00 0.99–1.02 0.773

Type of shunt

VSD/ASD 2.78 1.77–4.38 <0.001

PDA/ASD 2.50 1.26–4.95 <0.001

BMI, body mass index; SBP, systolic blood pressure; DBP, dilated blood pressure; VSD, ventricular septal defect; ASD: atrial septal defect; PDA, 
patent ductus arteriosus. 

3.5.1.2 Clinical Characteristics of Patients with PAH

From May 2007 to October 2010, 551 PAH patients (WHO classifications type I and IV) from 31 tertiary 
hospitals across the country were enrolled in the Research for Improving the Diagnosis and Treatment of 
PAH. The project was funded by the 11th“Five–Year”Technology Support Programs. The percentage 
breakdown of etiologies of PAH is shown in Figure 3–5–1.[1,2]  Demographic and clinical characteristics are 
shown in Table 3-5-3.

[1] Dong L, He JG, Xiong CM, et al. Multicenter study of disease attributes in adult patients with pulmonary hypertension. National 
Medical J of China. 2012,92:1087–1090.
[2] Dong L, He JG, Xiong CM, et al. Clinical analysis of 150 patients with idiopathic pulmonary arterial hypertension. Chinese 
Journal of Cardiology. 2012,40:657–661.

Table 3–5–1 Characteristics of Patients with Congenital Heart Disease ( ±s)     (Continued) 
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Figure 3–5–1 Percentage Breakdown PAH Subtypes

Table 3–5–3 Demographic and Clinical Characteristics of 551 Patients with Different Types of PAH
Characteristics ALL IPAH CHD–PAH CTD–PAH CTEPH

Number of Cases 551 150 273 64 64

Age (years) 35±12 36±13 30±10 42±11 50±11

Sex

Women (n) 386 100 194 61 31

Males (n) 165 50 79 3 33

BMI ( X± SD) 20.8±3.5 21.3±3.5 19.6±3.1 21.4±3.2 24.0±3.2

BMI≥30 1.63% 2.03% 1.10% 1.59% 3.13%

6MWD (m) 352±91 337±101 374±73 313±104 333±97

Borg Score 3.0（2.0，4.0） 3.0（2.0，4.0） 2.0（2.0，3.0） 3.0（2.0，5.0） 3.0（2.0，5.0）

WHO–FC

Ⅰ/Ⅱ  327（59%） 70（47%） 191（70%） 34（53%） 32（50%）

Ⅲ/ Ⅳ   224（41%） 79（53%） 82（30%） 30（47%） 32（50%）

Hemodynamics

RAP（mmHg） 9±6 10±6 9±6 11±6 10±7

mPAP（mmHg） 67±20 61±16 77±19 52±12 53±13

CI（L·min–1·m–2
） 2.7±1.2 2.3±0.8 3.0±1.3 2.2±0.8 2.3±0.9

PVR（dyn·sec·cm–5
） 1496±783 1484±699 1594±869 1322±585 1243±644

SvO2（%） 65.9±9.1 64.8±9.2 67.7±8.2 63.2±12.4 63.0±8.1

NOTE: ALL:All Patients With Pulmonary Hypertension; IPAH:Idiopathic Pulmonary Arterial Hypertension; CHD–PAH: Congenital Heart 
Disease Related Pulmonary Arterial Hypertension; CTD–PAH: Connective Tissue Disease Related Pulmonary Arterial Hypertension; CTEPH: 
Chronic Thromboembolic Pulmonary Arterial Hypertension; BMI (Kg / M²): Body Mass Index; 6MWD: Six Minutes Walking Distance; WHO–FC: 
WHO Functional Classification Of Pulmonary Arterial Hypertension; Borg Score: Borg Dyspnea Index; RAP: Right Atrial Pressure; mRAP: Mean 
Right Atrial Pressure; mPAP: Mean Pulmonary Artery Pressure; CI: Cardiac Index; PVR: Pulmonary Vascular Resistance; SvO2:Mixed Venous 
Oxygen Saturation.

3.5.1.3 Prognosis of Idiopathic PAH (IPAH)

Data were collected from 90 patients (age≥18 year–old) who were newly diagnosed with IPAH in Fuwai 
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Hospital from March 2006 to November 2009. The mean duration of follow–up was 16 months. The results 
showed that the 1–year, 2–year and 3–year survival rates for IPAH patients with sildenafil therapy were 
84.1%, 73.7%, and 70.6%, respectively. For those who received standardized treatment, their 1–year, 2–
year and 3–year survival rates were 67.7%, 55.9% and 47.0%, respectively. Sildenafil therapy could improve 
the prognosis of patients with IPAH. [1] Results from various IPAH prognosis studies conducted in different 
medical centers are shown in Table 3–5–4. See Table 3–5–5 for factors affecting IPAH prognosis.

Table 3–5–4 Prognosis of IPAH

Survival Rate
Fuwai Hospital

After 2006
(n=90)

Fuwai Hospital 
Before 2006 [2]

(n=72)

United State NIH
1980s [3]

(n=162)

Shanghai and 
Other Four 

Centers in China 
After 2006 [4]

(n=173)

France 2006[5]

(n=264)

1–year 84.1% 68% 68% 92.1% 85.7%

2–year 73.7% 56.9% – – 69.6%

3–year 70.6% 38.9% 48% 75% 54.9%

Table 3–5–5 Factors Affecting IPAH Prognosis
Factors HR 95% CI P value

Every 10 year increase of age 0.51 0.28–0.95 0.033

Every 5 kg increase of weight 0.75 0.58–0.99 0.039

Pericardial effusion 4.20 1.53–11.52 0.005

Did not receive targeted drug 
treatment for PAH 7.82 2.75–22.26 < 0.001

3.5.1.4 Prognosis of Congenital Heart Disease Patients with Eisenmenger Syndrome

Data of 121 patients with newly definite diagnosis of Eisenmenger syndrome were collected from January 
2005 to December 2009. [6] They were divided into two groups based on therapy received: 1) sildenafil or 2) 
conventional group. The survival of these patients is shown in Figure 3–5–2. Factors affecting their survival 

[1] Zeng WJ, Sun YJ, He JG, et al. Impact of sildenafil on survival of patients with idiopathic pulmonary arterial hypertension. J of 
Clinical Pharmacology.2012,52 (9): 1357–1364.
[2] Jing ZC, Xu XQ, Han ZY, et al. Registry and survival study in Chinese patients with idiopathic and familial pulmonary arterial 
hypertension. Chest, 2007,132: 373–379.
[3] Zhang R, Dai LZ, Xie WP, et al. Survival of Chinese Patients with Pulmonary Arterial Hypertension in the Modern Management 
Era. Chest, 2011,140:301–309.
[4] Rich S, Dantzker DR, Ayres SM, et al. Primary pulmonary hypertension. A national prospective study. Ann Intern Med, 1987,107: 
216–223.
[5] Humbert M, Sitbon O, Chaouat A, et al. Pulmonary arterial hypertension in France: results from a national registry. Am J Respir 
Crit Care Med, 2006,173: 1023–1030.
[6] Sun YJ, Yang T, Zeng WJ, et al. Impact of sildenafil on survival of patients with Eisenmenger syndrome. J Clin Pharmacol. 
2013;53(6):611–8.
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are shown in Table 3–5–6.
 

Figure 3–5–2 Survival Rates of Congenital Heart Disease Patients with  
Eisenmenger Syndrome by Treatment Group

Table 3–5–6 Factors Affecting the Survival of Congenital Heart Disease  
Patients with Eisenmenger Syndrome

Factors HR (95% CI) P value

Mean Pulmonary Arterial Pressure 1.35（1.13–1.61） 0.001

WHO – FC≥III 5.20（1.46–18.55） 0.001

SildenaЖl Treatment 0.55（0.34–0.87） 0.001

3.5.1.5 Prognosis of Connective Tissue Disease Related PAH (CTD–PAH)

In May 2014,three hospitals in Beijing reported the findings on the prognosis of 129 patients with CTD–
PAH.[1] The breakdown of their different underlying connective tissue diseases (CTDs) are shown in Figure 
3–5–3. The median follow–up time was 17.3 (1.4–55.1) months and 17 (14.9%) patients died. The 1– and 3–
year survival rates in patients with different types of CTD–PAH are shown in Table 3–5–7. Factors affecting 
their survival rate are shown in Table 3–5–8.

[1] Hao YJ, Jing ZC, Zhang ZL. Connective tissue disease–associated pulmonary arterial hypertension in Chinese patients. Eur 
Respir J. 2014;44(4):963–72.
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Figure 3–5–3 Proportions of Different Underlying Connective Tissue Diseases (CTDs) in 129 Patients  
with CTD–associated Pulmonary Arterial Hypertension (APAH)

AOSD: Adult–Onset Still’s Disease; UCTD: Undifferentiated Connective Tissue Disease; pAPS: Primary Antiphospholipid Syndrome. 
SLE: Systemic Lupus Erythematosus; pSS:primary Sjogren’s Syndrome; TA: Takayasu Arteritis; MCTD: Mixed Connective Tissue Disease; RA: 
Rheumatoid Arthritis.

Table 3–5–7 One– and Three–year Survival Rates in Patients with CTD–PAH
Survival Rate Total SLE–PAH pSS–PAH TA–PAH MCTD–PAH SSc–PAH

1–year (%) 92 91 100 84 82 100

3–year (%) 80 88 86 72 64 60

Note: SLE–PAH: systemic lupus erythematosus related pulmonary arterial hypertension; pSS–PAH: primary Sjogren’s syndrome–related 

pulmonary arterial hypertension; TA–PAH: p Takayasu Arteritis–related pulmonary arterial hypertension ; MCTD–PAH: Mixed Connective Tissue 
Disease related pulmonary arterial hypertension; SSc–PAH: systemic sclerosis related pulmonary arterial hypertension.

Table 3–5–8 Factors Affecting the Prognosis of Patient with Connective Tissue Disease Related PAH
Parameters HR（95% CI） Pvalue

Pulmonary Vascular Resistance 1.34（1.04–1.73） 0.023

Alkaline Phosphatase 1.72（1.01–2.93） 0.045

3.5.1.6 Long–term Survival Rate of Chronic Thromboembolic PAH (CTEPH)

Data from 504 patients with CTEPH admitted at Beijing Anzhen Hospital were collected from 1989 to 
2008. Among this cohort, 360 patients underwent pulmonary thromboendarterectomy (surgery group) and 
144 patients received medication (non–surgery group). In–hospital mortality for surgery and non–surgery 
groups was 4.44% and 3.50%, respectively. For patients with central CTEPH, those who underwent surgical 
intervention demonstrated higher long–term survival rate than those of patients treated with the medical 
regimen (p=0.0004). For peripheral CTEPH, there was no significant difference between the two groups 
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(p=0.874).[1] The long–term survival rates of patients with CTEPH are listed in Table 3–5–9. The long–term 
survival rates of CTEPH patients undergoing thromboendarterectomy from both domestic and abroad studies 
are shown in table 3–5–10.

Table 3–5–9 Long–term Survival Rates of CTEPH

Groups
Central Type Peripheral Type

P value*10–year Survival 
Rate (%)

15–year Survival 
Rate (%)

10–year Survival 
Rate (%)

15–year Survival 
Rate (%)

Surgery 94.60±2.38 90.96±4.24 71.78±4.66 29.57±15.10 <0.0001

Non–surgery 81.4±7.14 56.43±14.70 69.84±7.78 32.59±13.70 0.5

* Comparison of the survival curves between central and peripheral CTEPH (Log rank test)

Table 3–5–10 Long–term Survival Rates of CTEPH Patients Undergoing Thromboendarterectomy  
from both Domestic and Abroad Studies

Country Medical Center Duration Cases In–hospital 
Mortality(%)

Long–term Survival Rate 
of Central CTEPH(%)

China Beijng Anzhen 
Hospital 1989–2008 360 4.40 94.60（10–year）

90.96（15–year）

United 
States[2] UCSD Medical Center 1997–2007 988 4 96（1–year）

88（5–year）

United 
Kingdom[3] Papworth Hospital 2001–2006 236 16 98–99（1–year）

93–94（3–year）

Japan[4] Chiba University 1990–2010 77 9 84（5–year）
82（10–year）

3.5.1.7 Long–term Survival Rates of Patients with PAH Following Lung Transplant

244 lung transplants have been performed in 20 hospitals across China from January 1978 to December 
2010, 100 cases of which were conducted in Wuxi People’s Hospital, including 72 cases of single–lung 
and 28 cases of double–lung transplantations. Patients received the lung transplants were those with IPAH, 
congenital PAH, and PAH caused by chronic lung disease. [5] Survival rates are shown in Table 3–5–11.

[1] Gan HL, Zhang JQ, Bo P, et al. The actuarial survival analysis of the surgical and non–surgical therapy regimen for chronic 
thromboembolic pulmonary hypertension. J Thromb Thrombolysis. 2010,29:25–31.
[2] Thistlethwaite PA, Kaneko K, Madani MM, et al. Technique and outcomes of pulmonary endarterectomy surgery. Ann Thorac 
Cardiovasc Surg. 2008;14(5): 274–282.
[3] Condliffe R, Kiely DG, Gibbs JS, et al. Improved outcomes in medically and surgically treated chronic thromboembolic 
pulmonary hypertension. Am J Respir Crit Care Med. 2008;15;177(10):1122–1127.
[4] Keiichi I, Masahisa M，Nobuhiro T, et al. Long–term outcome after pulmonary endarterectomy for chronic thromboembolic 
pulmonary hypertension. J Thorac Cardiovasc Surg. 2012;144(2):321–326.
[5] Mao W, Chen J, Zheng M, et al. Initial Experience of Lung Transplantation at a Single Center in China. Transplantation 
Proceedings. 2013,45:349–355.



Report on Cardiovascular Diseases in China (2014) 

156

Table 3–5–11 Survival rates following lung transplantation in China and other countries

Periods Medical center Cases 1–year 
survival rate

3–year 
survival rate

5–year 
survival rate

1978.1–2012.12 20 hospitals in China 244 50 30 20

2002.6–2012.12 Wuxi People’s Hospital 100 73.3 53.5 40.7

2000.1–2009.6 ISHLT[1] (158 centers) 19 524 79 63 52

 ISHLT: International Association of Heart and Lung Transplantation

3.5.2 Pulmonary Embolism
3.5.2.1 Incidence and Mortality of Pulmonary Embolism in Hospitalized Patients

From January 1997 to December 2008, a registration study regarding patients with suspected pulmonary 
embolism was conducted in 60 tertiary hospitals involved in the National Cooperative Project for the 
Prevention and Treatment of Venous Thromboembolism (NCPPT). A total of 18 206 patients were confirmed 
to have PE from the 16 972 182 hospital admissions. The annual incidence of PE was 0.1% (95% CI: 0.1% to 
0.2%).[2] The incidence of PE in hospitalized patients by age and gender is shown in Table 3–5–12. The trend 
of incidence and case fatality rates for PE in hospitalized adults from 1997 to 2008 is shown in Figure 3–5–4. 
The discrepancy between the North and the South in incidence and case fatality rates for PE in China from 
1997 to 2008 is shown in Figure 3–5–5.

Table 3–5–12 Incidence of PE in hospitalized patients by age and gender (%)
Age Total Men Female

≤30 0.07（0.02–0.13） 0.12（0.06–0.21） 0.05（0.02–0.11）

31–40 0.06（0.02–0.12） 0.14（0.08–0.23） 0.03（0.01–0.09）

41–50 0.13（0.07–0.22） 0.16（0.09–0.25） 0.10（0.05–0.18）

51–60 0.12（0.06–0.21） 0.14（0.08–0.23） 0.10（0.05–0.18）

61–70 0.14（0.08–0.23） 0.19（0.11–0.29） 0.12（0.06–0.21）

71+ 0.10（0.05–0.18） 0.44（0.32–0.59） 0.05（0.02–0.11）

Total 0.11（0.05–0.19） 0.18（0.10–0.28） 0.07（0.02–0.13）

[1] Jason D, Leah B, Anna Y, et al. The Registry of the International Society for Heart and Lung Transplantation: Twenty–seventh 
official adult lung and heart–lung transplant report—2010.J Heart Lung Transplant. 2010,29:1104–18.
[2] Yang Y, Liang L, Zhai Z, et al. Pulmonary Embolism Incidence and Fatality Trends in Chinese Hospitals from 1997 to 2008: A 
Multicenter Registration Study. PLoS One. 2011;6(11):e26861
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 Figure 3–5–4 Incidence and case fatality rates for PE in hospitalized adults from 1997 to 2008

Notrh

South

 

Figure 3–5–5 The discrepancy between the North and the South in incidence and case  
fatality rates for PE in China from 1997 to 2008

 

3.5.2.2 Incidence of pulmonary embolism in high–risk populations

An epidemiology survey among patients with bone injuries, cancer, heart failure and stroke was conducted 
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in 2011 to investigate the incidence of deep venous thrombosis (DVT) and pulmonary embolism.[1] 
A total of 430 patients, who are not on aspirin and other anticoagulants, completed a questionnaire study 
and the presence of DVT was determined by physical examination and Doppler ultrasound. Meanwhile, 
the Ventilation–Perfusion scan was conducted to detect PE on 36 patients who were diagnosed with DVT 
in specialty clinic. The results showed that there were 18 (4.2%) cases of DVT in 430 patients, and the 
incidence of DVT in patients with heart failure, cancer, bone injuries and stroke was 5% (5 cases), 2.83% (3 
cases), 1.92% (2 cases) and 6.67% (8 cases), respectively. There were 4 PE among 36 patients with a history 
of DVT and the detection rate was 11.11%.

 

3.5.3 Chronic Obstructive Pulmonary Disease
3.5.3.1 Prevalence of Chronic Obstructive Pulmonary Disease (COPD) 

The prevalence of COPD in China was 8.2% among people over the age of 40 in 2007: an estimated 43 
million patients according to results from an epidemiological study in Beijing, Tianjin, Liaoning, Shanghai, 
Guangdong, Shanxi, and Chongqing.[2] The COPD prevalence was significantly higher in rural (8.8%) areas 
compared with urban areas (7.8%), and higher in male patients (12.4%, 95% CI: 11.7–13.1) compared to 
women (5.1%, 95% CI: 4.7% –5.5%). COPD prevalence from 7 provinces is displayed in Table 3–5–13.

Table 3–5–13 The prevalence of COPD

Area
Urban Rural Total

P value
No. Prevalence (%) No. Prevalence(%) No. Prevalence(%)

Beijing 1 434 6.8（5.5–8.1） 1 624  9.1（7.7–10.5） 3 058  8.0（7.1–9.0）  0.021

Tianjin 1 500 9.9（8.4–11.4） 1 508  9.4（7.9–10.9） 3 008  9.6（8.6–10.7）  0.676

Liaoning 1 947 8.1（6.9–9.3） 2 020  6.8（5.7–7.9） 3 967  7.4（6.6–8.3）  0.139

Shanghai 1 503 3.9（2.9–4.9） 1 516  9.0（7.6–10.5） 3 019  6.5（5.6–7.4） <0.001

Guangdong 1 818 7.4（6.2–8.6） 1 468 12.0（10.3–13.7） 3 286  9.4（8.4–10.4） <0.001

Shanxi 1 189 4.0（2.8–5.1） 1 298  6.9（5.5–8.2） 2 487  5.5（4.6–6.4）  0.001

Chongqing 1 420 13.7（11.9–15.5） – – 1 420 13.7（11.9–15.5）

Total 10 811 7.8（7.2–8.3） 9 434 8.8（8.2–8.4） 20 245  8.2（7.9–8.6）  0.007

3.5.3.2 Risk factors for COPD

Smoking history, childhood lung disease, family history of lung disease, male gender, low education level, 
age, poverty, low BMI, kitchen ventilation, and smoke dust exposure history were all associated with COPD–

[1] Zhang XF, Chen XS, He JG, et al. Survey in incidence of DVT and PE among patient with heart failure, stroke, cancer and bone 
trauma of low extremity. Chinese Journal of Prevention and Control of Chronic Non–communicable Diseases, 2001,10:206–208.
[2] Zhong N, Wang C, Yao W, et al. Prevalence of chronic obstructive pulmonary disease in China: a large, population–based survey. 
Am J Respir Crit Care Med. 2007,176(8): 753–60.
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related illness. The risk factors for COPD are shown in Table 3–5–14. [1]

Table 3–5–14 Risk Factors for COPD
   Sample Size Prevalence    Odds Ratio  P value

Area 0.007

Rural 10 811 7.8（7.2–8.3） 1.00（reference）

Urban 9 434 8.8（8.2–8.4） 1.30（1.07–1.57）

Sex <0.001

Male 8 705  12.4（11.7–13.1） 1.85（1.59–2.14）

Female 11 540 5.1（4.7–5.5） 1.00（reference）

Age <0.001

40–49 6 742 2.3（1.9–2.6） 1.00（reference）

50–59 5 517 5.0（4.5–5.6） 2.01（1.64–2.48）

60–69 4 518  11.7（10.8–12.7） 4.97（4.09–6.04）

>70 3 468  20.4（19.0–21.7）  9.20（7.48–11.30）

Education, yr <0.001  

0 3 824  13.0（11.9–14.0） 1.94（1.47–2.57）

1–5 5 120 10.3（9.5–11.2） 1.38（1.07–1.79）

6–8 5 823 6.2（5.6–6.8） 1.31（1.02–1.69）

9–11 3 944 4.8（4.1–5.4） 1.14（0.87–1.50）

>12 1 534 6.1（4.9–7.3） 1.00（reference）

BMI, kg/m2 <0.001

<18.5 790 21.0（18.2–23.9） 3.70（2.83–4.85）

18.5–23.9 9 918 9.5（8.9–10.1） 1.73（1.41–2.11）

24.0–27.9 7 185 6.0（5.5–6.6） 1.15（0.93–1.42）

>28 2 352 5.4（4.5–6.3） 1.00（reference）

Smoking Status <0.001

Never Smoker 12 471 5.2（4.8–5.6） 1.00（reference）

Current Smoker 5 911  11.4（10.6–12.2） 1.27（1.05–1.54）

Ex–smoker 1 863  18.7（17.0–20.5） 1.72（1.40–2.11）

Amount of smoking, pack–years <0.001

0–14 15 004 5.7（5.4–6.1） 1.00（reference）

15–29 2 547  11.7（10.5–12.9） 1.30（1.07–1.58）

[1] Zhong N, Wang C, Yao W, et al. Prevalence of chronic obstructive pulmonary disease in China: a large, population–based survey. 
Am J Respir Crit Care Med. 2007,176(8): 753–60.
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Table 3–5–14 Risk Factors for COPD     (Continued) 

Sample Size Prevalence    Odds Ratio  P value

30–44 1 590 16.3（14.5–18.1） 1.78（1.44–2.19）

> 45 1 104 22.6（20.2–25.1） 1.72（1.39–2.14）

Occupational exposure to dusts/gases/fumes 0.001

Never 16 101 7.9（7.5–8.3） 1.00（reference）

Ever 4 144 9.5（8.6–10.4） 1.20（1.04–1.39）

Ventilation in kitchen <0.001

Poor 8 714 9.3（8.7–9.9） 1.28（1.14–1.43）

Good 11 531 7.5（7.0–7.9） 1.00（reference）

Indoor exposure to biomass for cooking or heating <0.001

Never 10 661 7.3（6.8–7.8） 1.00（reference）

Ever 9 584 9.3（8.7–9.9） 1.35（1.20–1.52）

Pulmonary problems in childhood 0.002

Never 15 412 7.9（7.5–8.3） 1.00（reference）

Ever 4 833 9.3（8.5–10.1） 1.21（1.05–1.40）

Family history of pulmonary disease <0.001

No 15 764 7.2（6.8–7.6） 1.00（reference）

Yes 4 481 12.1（11.1–13.0） 2.18（1.93–2.45）

 
3.5.3.3 Mortality of Chronic Obstructive Pulmonary Disease

According to data released by the Ministry of Health in 2008, [1] COPD ranked as the fourth leading 
cause of death in urban areas and the third in rural areas. From 1990 to 2008, the COPD mortality presented 
a downward trend  (Figure 3–5– 6), potentially due to advancements in available medical regimens and the 
increased public awareness of this disease.

Urban 
Rural

 

Figure 3–5–6 Trend of COPD Mortality in Urban and Rural Areas (China: 1990–2008) 

[1] Fang X, Wang X, Bai C. COPD in China: the burden and importance of proper management. Chest. 2011, 139(4): 920–9.
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3.6 Cardiovascular Surgery
3.6.1 Cardiovascular Surgery Volume in China 

In 2013, 207 881 cardiovascular surgeries were performed in mainland China, 162 320 of which were 
cardiopulmonary bypass surgeries. In Hong Kong (special administrative region, SAR), 1 593 cardiovascular 
surgeries were performed, 1 559 cases were cardiopulmonary bypass surgeries. 

Table 3–6–1 Amount of Cardiac and Aortic Surgeries (Mainland China, Hong Kong: 2011–2013)

Region Area
2011 2012 2013

Total   On–pump Total On–pump Total On–pump

North Beijing 24 553 16 995 27 538 18 060 29 998 19 180

Tianjin 3 623 2 187 3 784 2 217 3 959 2 523

Hebei 5 562 4 354 5 688 4 137 5 662 4 287

Shanxi 2 218 1 534 2 573 1 739 1 992 1 295

Inner 
Mongolia 1 379 916 1 369 856 1 143 720

Northeast Heilongjiang 3 242 2 204 3 386 2 172 3 316 2 304

Jilin 1 850 1 619 2 200 1 840 2 158 1 557

Liaoning 4 177 2 974 4 940   3 402 5 040 3 407

East Shanghai 15 381 12 958 16 099   12 887 16 551  13 119

Shandong 11 782 8 017 13 199   9 070 13 249  8 844

Jiangsu 8 391 7 022 8 908   7 072 8 640  6 983

Zhejiang 5 386 4 529 5 666   4 502 5 315  4 650

Central Hubei 10 963 9 915 11 665   10 539 12 029 10 678

Hunan 7 168 5 756 7 579   6 282 7 614  6 320

Jiangxi 4 486 4 069 4 200   3 808 4 103  3 743

Henan 17 616 14 659 19 650   15 787 19 723  15 223

Anhui 4 245 3 817 4 823   4 330 4 698  4 111

South Guangdong 14 325 12 350 15 036   13 018 15 677  13 365

Guangxi 3 703 3 243 3 894   3 630 4 267  3 926

Fujian 5 004 3 916 5 977   4 189 5 490  4 193

Hainan 850 745 1 040   847 1 021  954

Northwest Shanxi 7 079 5 630 6 997   5 778 6 944  5 786

Gansu 2 358 2 024 2 700   2 141 2 708  2 027

Qinghai 324 267 364   309 384  369

Ningxia 911 478 910   568 1 158  528

Xinjiang 5 157 3 946 5 030   3 477 4 412  3 528
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Table 3–6–1 Amount of Cardiac and Aortic Surgeries (Mainland China,  
Hong Kong: 2011–2013)     (Continued) 

Region Area
2011 2012 2013

Total   On–pump Total On–pump Total On–pump

Southwest Chongqing 4 820 4 384 5 634   5 085 5 591  5 016

Sichuan 6 294 5 271 6 515   5 643 7 006  5 968

Yunnan 3 149 3 140 3 700   3 195 4 064  3 960

Guizhou 1 900 1 806 2 049   1 949 2 376  2 197

Tibet 87 62   82   68    

Hong Kong   1 793   1 596   1 593 1 559

Total 187 983 150 787 204 988 160 193 207 881 162 320

Note: Data from the Extracorporeal Circulation Sub–committee of the Chinese Society of Biomedical Engineering

The annual volume of cardiovascular surgery in China has increased over the last decade. However, the 
growth rate in 2013 was significantly lower than that of previous years (Figure3–6–1).

 25
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Figure 3–6–1 Volume of  Cardiovascular Surgery (Mainland China: 2003–2013)

In 2013, Mainland China and Hong Kong completed 85 578 surgeries for congenital heart disease (CHD) 
which accounts for 41% of all cardiac and aortic surgeries and is the most frequently performed surgery 
among all categories. (Figure 3–6–2) There were also 57 184 cases of valvular surgeries, 37 861 cases of 
coronary artery bypass grafting, 9 032 cases of aortic surgeries, 250 cases of heart transplantation (including 
1 cases of heart–lung transplant), and 541 cases of extracorporeal membrane oxygenation (ECMO) adjuvant 
treatment.
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Figure 3–6–2 Proportions of Major Cardiac Surgeries in China(%), 2013

Table 3–6–2 Cardiovascular Surgery Cases in Mainland China and Hong Kong, 2013

Region Area
Surgery Category Assisted 

Circulation Transplant

CHD Valvular CABG Aortic IABP ECMO Heart Lung heart–
lung

North 
China Beijing 10 244 6 642 10 781 1 617 824 138 77

Tianjin 1 025 764 1 602   73 124 26   3

Hebei 2 905 1 049  1 423 105    41    4

Shanxi 842 394 513   30    13

Inner 
Mongolia 216 364 261   70    19

Northeast Heilongjiang 898 683 590   92    94    4

Jilin 692 595 378  161    40   18

Liaoning 1 214 1 543 2 039  204   212   12   1

East Shanghai 7 722 4 055  2 771  961   253   27  19    4

Shandong 5 094 3 493  3 423  509    85   11  14

Jiangsu 2 871 3 482  1 674  332   157   53   7   65

Zhejiang 1 346 1 809 579  162    32   37   2

Central Hubei 5 116 3 285 1 939  782   186   23  72    1   1

Hunan 3 966 2 240 521  158    66   23   2

Jiangxi 2 126 1 460 189   88    31

Henan 9 948  3 824 3 714  988   541   30

Anhui 1 683 1 978 323  179   212   1
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Table 3–6–2 Cardiovascular Surgery Cases in Mainland China and Hong Kong, 2013     (Continued) 

Region Area
Surgery category Assisted 

circulation Transplant

CHD Valvular CABG Aortic IABP ECMO Heart Lung heart–
lung

South 
China Guangdong 8 045  5 180 899  611   144   79   5   10

Guangxi 1 814     90    5  14    2

Fujian 1 793 2 030 303 281    18   11  19

Hainan   303 487  98   17     7

Northwest Shaanxi 3 254 1 669 857  476    73    2   3

Gansu 2 027 1 758 512  153   112   21

Qinghai 276    76  15   17     2

Ningxia 217   215 169   32    10

Xinjiang 1 762 1 039 1 115  222    42

Southwest Chongqing 2 336 2 278  315  124    58

Sichuan 2 409 3 570  392  198   133    3

Yunnan 2 274 1 075  227  194     3

Guizhou 1 204  900   59   26     2    1

Tibet

Hong Kong  225 493  539  121    83   34   11   4

Total 85 578 57 184 37 861 9 032  3 526  541 250  86   1

CHD, Congenital Heart Disease; ECMO, Extracorporeal Membrane Oxygenation
Note: Data from the Extracorporeal Circulation Sub–committee of the Chinese Society of Biomedical Engineering

3.6.2 Congenital Heart Disease (CHD)
3.6.2.1 Epidemiology of CHD

In 2013, studies conducted in Guangdong, Sichuan, Anhui and Qinghai provided epidemiological 
information regarding prevalence of CHD in different areas of China (Table 3–6–3). 

Table 3–6–3 Prevalence of CHD in Mainland China, 2013

Area Objectives Number Prevalence 
(‰)

Constituent ratio (%)

VSD ASD PDA
Central, Southwest 
and Northern Area of 
Guangdong[1]

≤ 1 year old 383 281 8.68 39.9 13.8 29.8

Shenzhen[2]
28 weeks pregnant 
to 7 days 
postpartum

357 373 4.66 23.3  17.7 31.4

[1] Liu XQ, Mai JZ, Gao XM et al, Current prevalence rate of congenital heart disease in 12 month–old and younger infants among 
four regions of Guangdong province [Chinese]. Chinese Journal of Cardiology, 2013, 41 (4): 337–340
[2] Zhao GL, Dai L, Xie JS, et al. Epidemiological characteristics of congenital heart disease in Shenzhen. [Chinese] Chinese Journal 
of Maternal and Child Health, 2013, 28 (22): 3633–3636.
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Table 3–6–3 Prevalence of CHD in Mainland China, 2013     (Continued) 

Area Objectives Number Prevalence 
(‰)

Constituent ratio (%)
VSD ASD PDA

Feidong County, Anhui[1] 1–8 years old 5 007 10.39 34.6 21.2 26.9

Six counties, 
Liangshan, Sichuan[2] 7–17 years old 10 021 6.8 19.1  38.2 29.4

Six counties,Liangshan Yi nationality 7 202   8.2

Six counties,Liangshan Non–Yi 2 751   3.3

Area with altitude 
above 4 000 meters, 
Qinghai[3]

4–18 year–old 
Tibetan 25 185 8.74 13.6  35.5 46.4

     Yushu, Qinghai 4–18 year–old 
Tibetan 18 747   8.37

     Golok, Qinghai 4–18 year–old 
Tibetan 6 438   9.79

Note: VSD: ventricular septal defect; ASD: arterial septal defect; PDA: patent ductus arteriosus 

The prevalence of CHD among children living in areas with altitude above 4 000 meters in Qinghai 
Province had significantly decreased when compared with older findings conducted in the same area in 1980s 
(Yushu region 8.37 ‰ vs. 14.7 ‰ ). [4]

Furthermore, unlike the results from other investigations reporting that there were no differences in the 
prevalence of CHD between men and women, women in the Yushu and Golog areas had a higher prevalence 
of CHD than men (20.73 ‰ vs. 13.83 ‰ ).

In terms of the etiological breakdown of CHD, investigations from different regions all reported that 
ventricular septal defects, atrial septal defects, and patent ductus arteriosi make up almost 75% to 80% of 
all cases. However, the frequency of these three CHDs varied among different areas. The survey from the 
central, northern, and southwestern Guangdong Province as well as the survey of CHD among perinatal 
infants in Shenzhen provide more detailed information on the frequency of various types of CHD in these 
specific regions (Table 3–6–4).

Table 3–6–4 Constituent Ratio of Various Types of CHD in Epidemiological Surveys (%)

Disease Guangdong 
Province Shenzhen Liangshan Disease Guangdong 

Province Shenzhen Liangshan

VSD 39.9 23.3 19.1 Aortic stenosis 0.27 0.9

ASD 13.8 17.7 38.2 Common arterial 
trunk 0.12 1.1

PDA 29.8 31.4 29.4 TECD 1.39 1.1

[1] Pan JY, Yuan CH, Gao C, et al, Epidemiological investigations of congenital heart disease among infants in Feidong County. 
[Chinese] Chinese Journal of Disease Control, 2013, 17 (5): 446
[2] Liu XK, Sang H, Xiu JF, et al. Prevalence of congenital heart disease among students in Liangshan, Sichuan. [Chinese] Chinese 
Journal of Internal Medicine 2013, 52 (6): 494–496
[3] Chen QH, Jin XH, Xu XL, et al, Survey of congenital heart disease among children in Area with altitude above 4,000 meters 
Tibetan. [Chinese] Chin J Infect Dis, 2013, 38 (8):657–660.
[4] Chen QH, Jin XH, Xu XL, et al, Survey of congenital heart disease among children in Area with altitude above 4,000 meters 
Tibetan. [Chinese] Chin J Infect Dis, 2013, 38 (8): 657–660.
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Table 3–6–4 Constituent Ratio of Various Types of CHD in Epidemiological Surveys (%)     (Continued) 

Disease Guangdong 
Province Shenzhen Liangshan Disease Guangdong 

Province Shenzhen Liangshan

ASD+PDA Double outlet 
right ventricle 0.46 1.3

ASD+VSD Single ventricle 0.35 1.7

PS+ASD Pulmonary atresia 0.27

PS 1.35 3.9 1.5 TAPVC 0.43

TOF 3.52 3.7 4.4 Aortic arch

TGA 2.47 3.1 Ebstein 
malformation 0.31

VSD+PDA Hypoplastic left 
heart 0.70 1.6

Coarctation 
of the aorta 0.27 1.0 Right ventricular 

dysplasia 0.31 1.3

VSD, ventricular septal defect; ASD, atrial septal defect; PDA, patent ductus arteriosus; PS, pulmonary stenosis; TOF, tetralogy of Fallot; TGA, 
Complete transposition of great arteries; CAVCD: Complete atrio–ventricular canal defect; TAPVC, totally anomalous pulmonary venous drainage

A survey from the Guangdong Province showed that there were various risk factors associated with CHD 
among affected fetuses and infants [1,2] (Table 3–6–5), and significant difference among migrants and the 
resident population. In order to mitigate these differences, the targeted prevention intervention in the pre– 
and early phase of pregnancy should be improved.

 
Table 3–6–5 Analysis of Risk Factors Associated with Congenital Heart Disease

Project Explanation P value OR（95% CI）
Body mass of fetus and 
infants 

Referring (2 500–4 000g) < 0.01   1.00

Low (0–2 499g) < 0.01 5.34 （4.13–6.92）
Fetal macrosomia 
(≥4 001g)   < 0.05 1.67 （1.08–2.57）

Family monthly income per 
capita

Total income/numbers of family 
members

Referring (≥2 501RMB)   < 0.01   1.00

1 201–2 500 RMB   > 0.05 1.04 （0.83–1.29）
0–1 200 RMB < 0.01 1.68 （1.29–2.20）

Maternal exposure to 
chemical agents

Benzene, formaldehyde, thinner 
formulations, paint, soft hair agent < 0.01 19.72 （7.02–55.40）

Migrant population < 0.01 2.13 （1.70–2.66）
Abnormal history of 
maternal reproductive 

Stillbirth, spontaneous abortion, 
defects infant < 0.01 3.18 （2.34–4.33）

Passive smoking during 
pregnancy

Non–smokers inhale the smoke exhaled 
by smokers> 15ml / d or weekly> 1d < 0.01 2.59 （1.77–3.81）

[1] Nie ZQ, Ou YQ, Chen JM, et al. Analysis of the risk factors of congenital heart disease among fetus and infants in Guangdong 
from 2004 to 2011. Chinese J of Cardiology 2013, 41 (8): 704–708.
[2] Ou YQ, Nie ZQ, Liu XQ, et al. Analysis of the difference in the risk factors of congenital heart disease between migrants and 
resident population in Guangdong. Chinese J of Epidemiology, 2013, 34 (7): 701–705.
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Table 3–6–5 Analysis of Risk Factors Associated with Congenital Heart Disease     (Continued) 

Project Explanation P value OR（95% CI）

Fever in trimester 
maternal 

Pregnant within 3 months, axillary 
temperature > 37.4 ºC <0.01 3.74 （2.16–6.48）

Parity ≥2 times <0.01 1.45 （1.24–1.70）

Living in the house 
newly decorated within 
six months living room 
decoration

From the 3 months of pre– pregnancy 
to the Жrst trimester pregnancy 
(within 3 months) 

<0.01 2.74 （1.62–4.66）

Infection in trimester 
maternal <0.01 2.08 （1.38–3.15）

Resident in rural area <0.01 1.33 （1.08–1.64）

Live in the place 
within 50 meters away 
from the road

<0.01 1.52 （1.13–2.04）

Syphilis

Screening by Toluidine red unheated 
serum test (TRUST), and conЖrmed by 
Treponema pallidum hemagglutination 
assay (TPHA) 

<0.05 13.06（1.55–110.08）

Drinking history of 
the father

100g wine (more than 38％ alcohol) 
everyday, and last for one year; or 
total equivalent

   <0.05   2.13 （1.70–2.66）

 

3.6.2.2 Interventional Treatment of Congenital Heart Disease[1]

Differ from the "foreign" technologies including stenting and radiofrequency ablation, the interventional 
treatment of CHD is initiated by Chinese, and that the total number of procedures performed is far ahead of 
the United States and European countries.

The successful invention of the Amplatzer occluder in the late 1990’s advanced treatment options for 
CHD. Ruping Dai and Yongwen Qin initiated interventional treatment of CHD and their innovative work was 
well recognized by the international medical society. In the beginning of this century, the development and 
application of domestic occluders greatly reduced the cost of interventional procedures and further promoted 
the development of interventional treatment for CHD in China.

At present, there are 492 hospitals in China using this technology including 441 local (86%) and 51 
military hospitals (14%). In 2012, the cumulative number

 of interventional treatment of CHD in Mainland China was 28 296 cases. The top–ranked hospitals from 
various regions offering interventional treatment of congenital heart disease are shown in Table 3–6–6.

[1] Zhao SH. The successes and challenge of the interventional treatment for congenital heart disease in China [Chinese]. Chinese 
Circulation Journal 2013, 28 (8): 565––567.
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Table 3–6–6 The top Rank of the Volume of Interventional Treatment for Congenital Heart Disease

Rank Provinces, Autonomous 
Regions Local Hospitals Military Hospital

1 Guangdong Beijing Fu Wai Hospital The General Hospital of 
Shenyang Military 

2 Beijing Guangdong Gerneral Hospital Xijing Hospital, PLA

3 Shanghai Shanghai Children's Medical 
Center Changhai Hospital

4 Yunnan Zhongshan Hospital, Shanghai Southwest Hospital

5 Shandong Province Yan'an Hospital of Kunming City  

6 Sichuan Province Wuhan Asia Heart Hospital  

 
The total amount of interventional treatment of CHD reached 80 000 cases from 2009 to 2012 (excluding 

the military hospitals) according to data from online registry reported by the Statistical Information Center 
of National Health and Family Planning Commission. The total procedure success rate was 97.69%, with 
0.17% resulting in severe complications and 0.03% resulting in death. Data from military hospitals were not 
included. The categories of diseases are shown in Figure 3–6–3.

 

Figure 3–6–3 Constituent Ratio of Congenital Heart Disease Treated by Interventional  
Procedure in Local Hospitals in Mainland China, 2009–2012

  

3.6.3 Valvular Heart Disease in Mainland China
3.6.3.1 Epidemiology Survey of Valvular Heart Disease[1]

From October 2007 to March 2010, a survey was conducted in selected cities in XinJiang Province with 
large population size and well economic development and healthcare conditions including Urumqi, Karamay 
City, Fukang City, Turpan Prefecture, Hotan, Altay region, Ili Kazak Autonomous Prefecture Han, Uygur 
(Victoria) and Kazakhstan (Kazakhstan). The study subjects were residents aged 35 or older. The cluster 

[1]  An Y, Ma X, Huang Y, et al. Epidemiological investigations of in valvular heart disease among different nationalities in Xinjiang. 
J of Epidemiology 2011, 32 (11): 1114–1116.
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sampling procedure was applied to investigate the prevalence of valvular heart disease.
A total of 14 618 adults over the age of 35 were enrolled, of which 14 478 completed the survey including 

6 775 men (46.8%) and 7 703 women (53.2%). There was no statistically significant difference in the gender 
constituent ratio. The results of survey are shown in Table 3–6–7 and Table 3–6–8.

Table 3–6–7 The Prevalence of Valvular Heart Disease in Different Ethnic Groups  
over 35 Years old among Seven Regions in Xinjiang

Ethnic
Male Women Total

χ2value P value
 No.    Prevalence  No.    Prevalence  No.    Prevalence

Han 2 758 12.50 2 910 14.40 5 668 13.51  4.32  0.038

Uygur 2 018  3.70 2 698  2.00 4 716  2.71 12.13  0.000

Kazak 1 999 11.80 2 095 12.80 4 094 12.29  1.02 0.31

Total 6 775  9.65 7 703  9.63 14 478  9.65   0.005  0.943

Standardized 
prevalence  7.31  8.00  7.67

 
Table 3–6–8 The Prevalence of Valvular Heart Disease in Different Age Groups  

over 35 Years old among Seven Regions in Xinjiang

Age 
(Years)

Han Uygur Kazak Total
  No.    Prevalence  No.    Prevalence  No.    Prevalence  No.    Prevalence

35–44 2 024 2.80 1 652 0.80 1 730 7.20 5 406 3.63

45–54 1 356 7.10 1 250 1.80 1 131 11.10 3 737 6.53

55–64 1 064 19.60 1 074 3.10 763 18.50 2 901 13.20

65–74 972 29.80 575 7.10 388 22.40 1 935 21.60

≥75 252 45.20 165 10.90 82 29.30 499 31.23

Total 5 668 13.50 4 716 2.70 4 094 12.30 14 478 9.65

Standardized Prevalence 10.57 2.36 12.22

 
The results showed that the overall prevalence rate of valvular heart disease in seven regions of Xinjiang 

is 9.65%. The standardized prevalence rate was 7.67% according to population records from Xinjiang in 
2000. The standardized prevalence rate of valvular heart disease in Han, Uygur and Kazak ethnic were 
10.57%, 2.36% and 12.22%, respectively. There were significant differences in the prevalence among these 
ethnic regions. The prevalence of valvular heart disease tended to increase with age.

 The prevalence of valvular heart disease in different age and gender groups between Uygur and Kazak 
are shown in Table 3–6–9. [1] and [2]

[1] An Y, Ma YT, Yang YN, et al. Investigation in the prevalence of valvular heart disease among Kazakh adults in Xinjiang. Chinese 
Medicine Innovation 2012, 9 (24): 9 –10.
[2] An Y, Tong XB, Ma YT, et al. s Investigation in the prevalence of valvular heart disease among Uygur adults in Xinjiang. 
Zhongguo Chuangxin Zazhi. 2012, 9 (27): 7 – 9.
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1) There was no gender difference in the prevalence of valvular heart disease in both Uygur and Kazak.
2) The aortic valvular heart disease was the most common valvular heart disease in Uighur adults. On the 

other hand, mitral valvular heart disease was the most common valvular heart disease among Kazakh adult 
men and women.

3) In these two ethnic groups, the involved valvular changes became more pronounced with increasing 
age. The aortic involvement was most common in Uighur population under 45 years of age; for those over 45 
years of age, the mitral involvement was more common. In contrast, mitral valve disease was more common 
in Kazakh adults below 65 years of age and aortic valve disease was more common for those over 65 years 
of age.

 
Table 3–6–9 Surveys of the Prevalence of Valvular Heart Disease in Different Gender, Age and Living 

Environment in Seven Regions in Xinjiang

Groups
Uighur Kazak

Aortic Valve       Mitral Valve      Double Valve    
Disease           Disease           Disease

Aortic Valve       Mitral Valve     Double Valve   
 Disease           Disease           Disease

Male 75.5 13.5 10.8 28.9 50.2 20.9

Female 55.6 37.0 7.4 23.1 54.9 22.0

Town 52.8 36.1 11.1 29.9 62.8 7.3

Pastoral 
areas 72.8 18.5 8.7 24.3 48.9 26.8

35–44 43.0 28.5 28.5 8.8 80.8 10.4

45–54 31.8 50.0 18.2 22.2 62.7 15.1

55–64 21.2 72.7 6.1 25.5 47.5 27.0

65–74 19.5 78.0 2.5 49.4 14.9 35.7

≥75 11.1 83.3 5.6 50.0 20.8 29.2

Total 67.2 23.4 9.4 25.8 52.7 21.5

3.6.3.2 Epidemiology of Degenerative Valvular Heart Disease in the Elderly

Degenerative valve disease results from pathological degeneration of valvular  fibrosa layer and/or 
calcification within the valves. It has become an increasingly common form of valvular heart disease in the 
elderly population. In recent years, the prevalence of valvular heart disease has been surveyed in specific 
regions in China (Table 3–6–10).
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Table 3–6–10 Epidemiological Survey of Degenerative Valvular Heart Disease in Mainland China

Items Retired Railroad 
Workers[1]

 Beijing Military  
Retired Cadres[2]

Seven Regions in Xinjiang[3]

 Han    Uygur    Kazak    Total

Number 1 014 8 202 1 729 1 269 775 3 773

Male 70.3 52 46.8 52.1 52.9 49.8

Female 29.7 48 53.2 47.9 47.1 50.2

Average age 66.7 70.7±5.9 67.7±6.1

Prevalence 8.1 13.41 13.2 3.7 8.5 9.0

Male 9.8 12.21 15.3 5.0 8.5 10.2

Women 4.0 14.72 11.3 2.3 8.5   7.87

Note: The criteria of elderly degenerative valvular heart disease: 1) age ≥60 years; 2) echocardiography showed hyperechogenic heart valve 
annulus, thickening or calcification, valvular thickness> 3mm, leaflets stiff, including mitral chordae and papillary muscle thickening, echogenic 
enhancement.

Findings from these three epidemiological studies on degenerative valve disease revealed that:
(1)The prevalence of degenerative valve disease in retired railroad workers, Beijing military retired 

cadres, and among all of Mainland China are 8.1%, 13.4%, and 9.0% respectively.
(2)Prevalence increases with the age, age is the most important risk factor for degenerative valve disease.
(3)The prevalence of degenerative valve disease differs across various ethnic groups. For instance, the 

disease prevalence is much lower in Uighur than in Han and Kazak.
(4)There is a gender difference in the prevalence of degenerative valve disease. Study of the Beijing 

military retired cadres showed that women are more likely to develop degenerative valvular heart disease 
among the age group of 65 to 69 (male to female ratio of 1: 7), while male to female ratio is 7:1 among 
the age group of 75 to 79. In contrast, surveys from Xinjiang report that men have a higher prevalence of 
degenerative valvular heart disease than women.

(5)The degree of involvement varies among different cardiac valves. Studies conducted in the retired 
railroad worker cohort showed that the aortic damage rate is 6.7%, while the mitral valve damage rate is 
2.4%.

These three surveys suggest that degenerative valve disease evolves with increasing age. Age, high 
blood pressure, elevated cholesterol, stroke, and family history of cardiovascular disease are risk factors 
for the disease. The incidence of degenerative valve disease is associated with obesity, sedentary lifestyle, 
and coronary heart disease. Development of effective prevention measures that would decrease the above 
mentioned risk factors is warranted. 

[1] Fan JM, Meng F, Fan XL, et al. Investigation of the prevalence of degenerative valvular heart disease [Chinese]. 
Yufangyixueqingbao Zazhi. 1999, 15 (3): 177–178.
[2] Liu L, Zhao YS, Wang SW, et al. Epidemiologic study of degenerative valvular heart disease in Beijing military retired cadres. 
Chinese J of Epidemiology, 2006, 27 (10): 836 – 839
[3] An Y, Huang Y, Ma X, et al. A cross–sectional survey of the prevalence of degenerative valvular heart disease and its risk factors 
in different ethnic elderly in Xinjiang. Chinese Jof Epidemiology 2011, 32 (1): 99–101
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 3.6.3.3 Clinical Application of SinoSCORE Surgical Scoring System

SinoSCORE (Chinese Cardiac Operative Risk Evaluation Model) is the first major surgery risk 
assessment system for coronary artery disease developed which is based on the multi–center database 
in cardiac surgery. [1] Research has shown that the SinoSCORE model could predict the risk of mortality 
for valve surgeries. Between January 2009 and November 2011, Changhai Hospital analyzed 2 098 cases of 
patients with heart valve surgery to evaluate the predictive accuracy of the SinoSCORE model. [2]

The ability of this model to distinguish mortality from survival was evaluated by the value of area under 
the curve (AUC) in receiver operating characteristic (ROC) where AUC≥0.7 is reasonable, AUC> 0.75 is 
good, and AUC> 0.8 is superior.

The Hosmer–Lemeshow (H–L) goodness–of–fit test was used to study the calibration of the predictive 
models. Calibration refers to the degree of accuracy of the model’s predictions, H–L goodness–of–fit test 
with p<0.05 indicates significant difference between observed mortality and predicted mortality; that is, the 
model has a low prediction accuracy. P>0.05 indicates a better model calibration.

Table 3–6–11 Validation Study of SinoSCORE in Valvular Surgery, 2013

Groups SinoSCOREscores Cases (Death) Mortality Area Under the 
Curve HL test

Low Risk Group –0.3±1.1 594（5） 0.84% AUC=0.742 P=0.503

Risk Group 3.7±1.1 855（17） 1.99% AUC=0.762 P=0.574

High–risk Group 9.7±1.1 649（41） 6.32% AUC=0.738 P=0.688

Conclusion: SinoSCORE has a better performance in predicting the in–hospital mortality risk in Chinese 
patients undergoing valve surgery.

 
3.6.4 Surgical Treatment of Coronary Artery Disease in China

3.6.4.1 1–stop Hybrid Coronary Revascularization in the Treatment of Multi–vessel 
Coronary Heart Disease

From June 2007 to December 2010, 141 consecutive patients underwent 1–stop hybrid coronary 
revascularization at Fuwai Hospital. Using propensity score methodology, these patients were matched with 
2 separate groups of 141 patients who underwent isolated CABG or PCI during the same period.[3]All patients 
were stratified by the EuroSCORE (European System for Cardiac Operative Risk Evaluation Score) and 

[1] Zheng Z, Zhang L, Hu SS, et al. Risk assessment of coronary artery bypass graft surgery. Chinese J of Cardiology 2010, 38 (10): 
901–904.
[2] Wang C, Han L, Lu FL, et al. Performance of SinoSCORE in predicting in–hospital mortality and postoperative complications 
after cardiac valve surgery. J of Thoracic and Cardiovascular Surgery 2013, 29 (4): 193–195.
[3] Shen L, Hu S, Wang H, et al. One–stop hybrid coronary revascularization versus coronary artery bypass grafting and 
percutaneous coronary intervention for the treatment of multivessel coronary artery disease: 3–year follow–up results from a single 
institution. J Am Coll Cardiol. 2013,61(25): 2525–2533.
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SYNTAX (Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery) score. 
They found that 1–stop hybrid coronary revascularization provides favorable midterm outcomes (major 
adverse cardiac and cerebrovascular events [MACC] after surgery) for selected patients with multivessel 
coronary artery disease.

In the low and medium SYNTAX score (low, ≤ 24; medium, >24 and <30), and the low and medium 
EuroSCORE (low, ≤ 2; medium, >2 and <6 ), the MACCE rates in the hybrid group were not statistically 
different from those in the CABG and PCI groups. Patients with a high SYNTAX score (≥30) who 
underwent 1–stop HCR had a similar MACC rate to that in the CABG group (p= 0.362), but lower than that 
in the PCI group (p= 0.002).
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In the high Euro–SCORE score, the MACC rate in the hybrid group was significantly lower than in the 
CABG (p= 0.030) and PCI groups (p= 0.006)
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3.6.4.2 Protective Effects of Tranexamic Acid on Clopidogrel Before Coronary Artery 
Bypass Grafting

A randomized double–blind trial was conducted in 7 clinical centers in Mainland China to investigate the 
protective effects of tranexamic acid on clopidogrel before coronary artery bypass grafting. [1] A total of 1173 
adult patients participated in the study.

Patients were recruited and stratified into 3 levels according to preoperative clopidogrel exposure 
(clopidogrel ingestion ≤ 7 days, clopidogrel discontinuation>7 days, and nonexposure). Then, patients 
were randomized to receive tranexamic acid or placebo. The primary outcomes included blood loss, major 
bleeding, and red blood cell (RBC) transfusion volume and exposure. It was concluded that preoperative 
clopidogrel exposure significantly increased the risk of the aforementioned adverse events. However, the use 
of tranexamic acid reduced such risk (Table 3–6–12).

 
Table 3–6–12 Impact of Clopidogrel and Tranexamic Acid in the Observation Indicators

Perioperative Blood 
Loss Major Bleeding

Volume of RBC 
Transfusion during 

Perioperative Period

Risk of RBC 
Transfusion during 

Perioperative Period
Clopidogrel Group 
and the Control 
Group

MD  270ml
95%CI 135–404ml

RD  18.5
95% CI 7.85–29.2

MD  2.97U
95%CI 1.51–4.43U

RD  17.9
95%CI  8.51–27.2

Tranexamic Acid 
Group and the 
Control Group

MD–278ml
95%CI–380–176ml

RD –19.5
95% CI–27.7––11.4

MD–2.58U
95%CI–3.61––1.55U

RD–18.9
95%CI–26.4––11.4

Note: MD mean difference; RD: risk difference

 
Subgroup analysis demonstrated a significantly enhanced effect of tranexamic acid in reducing the risk 

of perioperative blood loss, major bleeding events, and perioperative transfusion of red blood cells during 
perioperative period of CABG: especially in patients with impaired platelet function. Risk of the previously 
mentioned adverse events was comparable between the group of clopidogrel ingestion ≤ 7 days and the 
group of clopidogrel discontinuation >7 days suggesting the use of tranexamic acid may be able to justify 
exemption of clopidogrel discontinuation during the 7–day waiting period prior to CABG bypass surgery.

  
3.6.5 Acute Kidney Injury After Cardiac Surgery

One study was analyzed 6 665 adult (3 420 male and 3 245 female) patients who underwent cardiac 
surgery with cardiopulmonary bypass in Shanghai Zhongshan Hospital from September 2006 to July 2011. 
The 2005 diagnostic criteria of Acute Kidney Injury Network (AKIN) was adopted for determining the AKI. 
The incidence and risk factors for AKI after operation were evaluated by Logistic regression method. [2] 

 

[1] Shi J, Ji H, Ren F, et al. Protective Effects of tranexamic acid on clopidogrel before coronary artery bypass grafting: A multicenter 
randomized Trial. JAMA Surg. 2013, 148 (6): 538–47.
[2] Yang XM, Wang CS Liu L, et al. Analysis of the risk factors associated with the acute kidney injury after adult cardiopulmonary 
bypass surgery. Chinese J of Thoracic and Cardiovascular Surgery. 2013, 29 (3): 147–150.
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Table 3–6–13 Risk Factors Associated with the AKI after Operation
         Standardized ß OR 95% CI   P value

Gender (male)   0.166 1.824 1.596–2.083 < 0.001

Age (Per 10–year Increase)   0.235 1.366 1.292–1.445 < 0.001

History of Hypertension   0.086 1.465 1.254–1.712 < 0.001

History of Diabetes   0.037 1.354 1.040–1.762   0.025

Baseline Serum Creatinine ≥115 
umol / L   0.072 1.812 1.400–2.347 < 0.001

Uric Acid ≥420 umol / L   0.071 1.331 1.160–1.528 < 0.001

Left Ventricular Ejection 
Fraction <0.40   0.157 3.600 2.780–4.663 < 0.001

Preoperative Anemia   0.056 1.484 1.174–1.877   0.001

Type of Surgery

Valve Surgery 1.000

Aortic Aneurysm Surgery   0.079 1.641 1.280–2.103 < 0.001

CABG – 0.093 0.489 0.372–0.645 < 0.001

CABG + Valve Surgery – 0.007 0.947 0.732–1.227   0.682

Correction of Congenital Heart 
Disease and Other Surgery – 0.044 0.768 0.582–1.013   0.062

Cardiopulmonary Bypass Time ≥120 
min   0.111 1.654 1.415–1.932 < 0.001

Application of Deep Hypothermic 
Circulatory Arrest   0.070 1.988 1.354–2.918   0.001

Postoperative Hypotension   0.171 3.355 2.676–4.207 < 0.001

≥1000 ml Blood Transfusion 
Within 24 Hours After Surgery   0.126 2.509 1.986–3.168 < 0.001

Mechanical Ventilation≥72 Hours   0.098 3.543 2.245–5.591 < 0.001

Note: CABG: Coronary artery bypass grafting

Of the 6 665 patients, AKI developed in 26.69% patients, whereas 1.53%  required renal replacement 
therapy. Patients with AKI had higher in–hospital mortality than patients without AKI (2.47% vs. 0.29%, P 
<0.01).

Age, postoperative hypotension, gender, low preoperative left ventricular ejection fraction, and the 
volume of blood transfusion within 24 hours after surgery were the most important risk factors.

3.7 Chronic kidney disease
3.7.1 Epidemiology of Chronic Kidney Disease (CKD)

3.7.1.1 Prevalence of CKD

A national CKD prevalence survey from September 2009 to September 2010 used stratified multistage 
sampling to select 47 204 adults across 13 different provinces, direct controlled municipalities, and 



Report on Cardiovascular Diseases in China (2014) 

176

autonomous regions. The results revealed that overall prevalence of CKD was 10.8% the adjusted prevalence 
of eGFR <60 ml/min/1.73m² was 1.7% (95% CI: 1.5 – 1.9), and of urine albumin–creatinine ratio > 30 mg/
g was 9.4% (95% CI: 10.2 – 11.3). According to the standard population composition in 2009, the number 
of patients with CKD was estimated to be about 120 million. Age, gender, hypertension, diabetes, medical 
history of cardiovascular disease, hyperuricemia, living location and economic status were independent risk 
factors for CKD. [1] 

The China National Diabetes and Metabolic Disorders Study was conducted from June 2007 to May 2008 
among 15 987 individuals aged 20 or older. According to the National Cholesterol Education Program Adult 
Treatment Panel III, a person is defined to have metabolic syndrome when he/she fulfills more than 3 of the 
following: 1) elevated waist circumference: ≥ 90 cm (males) or ≥ 80 cm (females), 2) elevated triglycerides: 
≥1.69 mmol/l or the use of cholesterol lowering drugs, 3) elevated blood pressure: systolic blood pressure 
≥130 mm Hg, or diastolic blood pressure ≥85 mm Hg, or the use of antihypertensive medications, 4) 
elevated fasting glucose: ≥5.6 mmol/l or the use of diabetes medications, or 5) reduced HDL–C: <1.04 
mmol/l (male) or <1.29 mmol/l (female). Age–standardized prevalence of CKD, which was defined as a 
glomerular filtration rate <60 ml/min/1.73 m², in participants with and without MS was 4.64% and 3.30%, 
respectively (P<0.001). Elevated blood pressure, fasting glucose, triglycerides, and reduced HDL cholesterol 
had statistically significant increased odds ratios. [2]

A cross–sectional survey of 11 013 adults was conducted from September 2009 to June 2012 in Zhejiang 
Province, located in eastern China. A total of 10 384 (94.3%) people completed the survey. The standardized 
prevalence of reduced renal function (eGFR < 60 mL/min/1.73 m²) was 1.83% (95% CI 1.52–2.13) and 
that of albuminuria was 8.65% (95% CI 7.98–9.31). The overall prevalence of CKD was 9.88% (95% CI 
9.18–10.59). Multivariate logistic regression revealed that metabolic diseases such as diabetes, obesity, 
hypertension, and hyperuricemia were independent risk factors of CKD. [3]

Dyslipidemia is a recognized risk factor for cardiovascular diseases. Random sampling from several 
communities in Zhengzhou, Kaifeng, Jiaozuo and Pingdingshan recruited 4 779 adults aged 45 year or 
older. [4] According to 2007 China adult lipid guideline for dyslipidemia, the diagnostic criteria for CKD is 
either albuminuria (ACR ≥ 30mg/g) and/or eGFR <60 ml/min/1.73 m². The results showed that participants 
with hypercholesterolemia exhibited a greater prevalence of albuminuria and reduced eGFR compared with 
individuals with normal cholesterol level (10.0% vs. 6.1%, P = 0.001; 4.0% vs. 2.4%, P = 0.028). Elevated 
cholesterol and low high–density lipoprotein (HDL) were independently associated with albuminuria: the 

[1] Zhang L, Wang F, Wang L, et al. Prevalence of chronic kidney disease in China: A cross–sectional survey. Lancet, 2012; 
379(9818): 815–822.
[2] Ming J, Xu S, Yang C, et al; China National Diabetes and Metabolic Disorders Study Group.  Metabolic syndrome and chronic 
kidney disease in general Chinese adults: results from the 2007–08 China National Diabetes and Metabolic Disorders Study.  Clin 
Chim Acta. 2014,430:115–20.
[3] Lin B, Shao L, Luo Q, et al. Prevalence of chronic kidney disease and its association with metabolic diseases: a cross–sectional 
survey in Zhejiang province, Eastern China. BMC Nephrol. 2014,15:36.
[4] Liu DW, Wan J, Liu ZS, et al. Association between dyslipidemia and chronic kidney disease: a cross–sectional study in the 
middle–aged and elderly Chinese population. Chin Med J (Engl). 2013,126:1207–12.
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odds ratios were 1.49 (95% CI, 1.08 to 2.07) and 1.53 (95% CI 1.13 to 2.09), respectively. After multivariate 
adjustment, the odds ratio for hypercholesterolemic patients versus individuals with normal cholesterol 
level to develop eGFR <60 ml / min / 1.73 m² was 1.65 (95% CI, 1.03 to 2.65). As the number of dyslipidemia 
components increased from 1–3 (with 0 as a standard), the risk of developing CKD was increased (Table 3–7–1)

Table 3–7–1 The Number of Dyslipidemia Components and CKD

Number of 
Components  

Albuminuria Reduced eGFR

Unadjusted Multivariable 
Adjusted* Unadjusted Multivariable 

Adjusted*
0 1.00 1.00 1.00 1.00

1 0.99（0.75–1.30） 0.87（0.65–1.15） 0.39（0.22–0.70） 0.38（0.21–0.69）

2 1.30（0.86–1.98） 1.29（0.83–2.01） 2.00（1.19–3.36） 1.92（1.14–3.25）

3 9.42（4.87–18.25） 7.87（3.75–16.50） 6.50（2.66–15.93） 5.85（2.36–14.51）

Note: Adjustment factors include age, sex, obesity, hypertension, diabetes, smoking, and blood uric acid levels.

A multistage random sampling study was conducted in the Pudong New Area of Shanghai, enrolling 5 584 
Chinese adults aged 20–79 years. Study participants were categorized into four groups: diagnosed diabetes, 
undiagnosed diabetes (fasting plasma glucose [FPG] ≥ 126 mg/dL), prediabetes (FPG 100–126 mg/dL), and 
individuals with normoglycemia (FPG <100 mg/dL)] with the goal to investigate the association of glucose 
level with albuminuria [urine albumin–to–creatinine ratio (ACR) ≥ 30 mg/g], decreased kidney function 
and CKD. Renal function was calculated using either the Modification of Diet in Renal Disease (MDRD) 
equation (modified for Chinese adults) or the Chronic Kidney Disease– Epidemiology Collaboration (CKD–
EPI) equation. After adjusting for age, gender, and hypertension, the CKD prevalence for each of the four 
groups calculated by the MDRD equation was 9.1%, 12.3%, 25%, and 25.8%, respectively.  The rates 
calculated by CKD–EPI equation were 9.8%, 12.1%, 23.3%, and 24.5%, respectively. Although slightly 
different from those estimated by the MDRD equation, similar trends were observed. The multivariable 
analysis showed that hypertension, dysglycemia, female gender, higher triglycerides, higher body mass index 
and older age are factors independently associated with CKD. [1]

3.7.2 Study on the Prevalence, Awareness, Treatment, and Control of Hypertension in 
Elderly Adults with Chronic Kidney Disease

The PATRIOTIC study was a national cross–sectional, multi–center study designed to investigate the 
prevalence, awareness and treatment of hypertension in patients with CKD in China. 61 tertiary hospitals in 
31 provinces, municipalities, and autonomous regions in China (except Hong Kong, Macao, and Taiwan), 
fulfilling specified criteria (hospitals with departments of nephrology, bed capacity greater than 40, and 
accepting more than 50 individuals with CKD per month) participated in this study. The enrolled patients 

[1] Zhou Y, Echouffo–Tcheugui JB, Gu JJ, et al. Prevalence of chronic kidney disease across levels of glycemia among adults in 
Pudong New Area, Shanghai, China.  BMC Nephrol. 2013,14:253.
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included 2 414 patients older than 60. The prevalence, awareness, treatment and control rates of CKD in 
elderly patients with hypertension were shown in Table 3–7–2. No significant differences were noted in the 
prevalence, awareness, treatment, or control of hypertension in individuals with CKD when stratified by age. 
Obesity,  CKD Stages 4 and 5 stage and diabetes were significantly associated with uncontrolled hypertension 
in elderly adults with CKD, using the goal of BP less than 140/90 mmHg.[1]

Table 3–7–2 Prevalence, Awareness, Treatment and Control of Hypertension in  
Elderly Adults with Chronic Kidney Disease (n,%)

Age  Prevalence Awareness  Treatment
Blood Prevalence,mmHg

<140/90 <130/80

Total（n=2 414） 1 980（82.0） 1 796（90.7） 1 728（87.3） 586（29.6） 240（12.1）

60–69（n=1 259） 1 022（81.2） 917（89.7） 880（86.1） 303（29.6） 123（12.0）

70–79（n=917） 757（82.6） 694（91.7） 667（88.1） 213（28.1） 80（10.6）

≥80（n=238） 201（84.5） 185（92.0） 181（90.0） 70（34.8） 37（18.4）

P Valuea 0.19 0.14 0.08 0.46 0.16

 a: Data show the P–value between the three age groups.

3.8 Peripheral Arterial Disease

Peripheral arterial disease refers to arterial disease excluding coronary and cerebrovascular disease. This 
report only focuses on lower extremity atherosclerotic disease (LEAD) and carotid atherosclerotic disease 
(CAD).  

3.8.1 Lower Extremity Atherosclerotic Disease (LEAD)
3.8.1.1 Prevalence of LEAD

LEAD is a common disease in the middle aged and elderly populations. Many epidemiological studies 
have reported its prevalence using diagnostic methods such as intermittent claudication questionnaires, 
ankle–brachial index (ABI), pulse wave velocity (PWV), and other noninvasive measures. Figure 3–8–1 
shows related epidemiological results on LEAD in China. These studies showed that there was a significant 
difference in LEAD prevalence among different populations, but in those with risk factors, the prevalence 
was similarly relatively high. In addition, the prevalence increased with age, and in most studies, the 
prevalence was higher in females than in males. 

[1] Cai G, Zheng Y, Sun X, et al; Survey of Prevalence, Awareness, and Treatment Rates in Chronic Kidney Disease Patients with 
Hypertension in China Collaborative Group. Prevalence, awareness, treatment, and control of hypertension in elderly adults with 
chronic kidney disease: results from the survey of Prevalence, Awareness, and Treatment Rates in Chronic Kidney Disease Patients 
with Hypertension in China. J Am Geriatr Soc. 2013,61:2160–7.
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Table 3–8–1 Epidemiological Results on the Prevalence of LEAD in China

Group (Study Year) Survey 
Population Age (years)

Prevalence（%）

Male Female Average
Beijing Wanshoulu District (2003）

[1，2]

Zhejiang Zhoushan (2005）
[3]

Metabolic Syndrome Group (2006）
[4]

MUCA Study Group (2007）
[5]

Diabetes Group (2007）
[6]

Hypertension Group[7]

Natural Community Group (2009）
[8]

Wuhan Elderly Diabetes Group (2010）
[9]

2 124

2 668

2 115

18 140

1 347

3 047

21 152

2 010

60–95

35–

32–91

35–

50–

>50

18–

60–

12.7

3.0

21.7

5.4

18.3

     —

1.8

     —

18.1

1.2

23.4

9.3

20.4

     —

4.3

     —

16.4

2.1

22.5

6.0

19.4

27.5

3.04

24.1

Note: The diagnostic criteria for LEAD is ABI <0.90. MUCA: China cardiovascular disease epidemiology research multi–center collaborative 
study.

3.8.1.2 Risk Factors for LEAD

Epidemiological studies suggest that the prevalence of LEAD increases with age and elevated 
atherosclerosis–related risk factors. The main cause of LEAD is atherosclerosis, and all atherogenic risk 
factors such as smoking, diabetes, dyslipidemia, hypertension, and homocysteinemia can increase the risk of 
LEAD. 30% of patients with cerebrovascular disease and 25% of patients with ischemic heart disease have 
LEAD. [10,11] Therefore, LEAD is an important window reflecting the systemic atherosclerotic diseases. Early 

[1] Li XY, Wang J, He Y, et al. The association between lower extremity atherosclerotic disease and cardiac vascular disease: Survey 
of the elderly in Wanshoulu, Beijing. Chinese Medical J. 2003,83 (21): 1847– 1851.
[2] Wang J, Li XY, He Y, et al. The cross–sectional study of the lower extremity atherosclerotic disease among the elderly in 
Wanshoulu, Beijing. [Chinese] Chinese J of Epidemiology .2004,25 cross–sectional survey (3): 221–224.
[3] Liu CG, Ruan LS. Survey of peripheral arterial disease in Zhoushan fishing area. [Chinese] Chinese Medical J of Gerontology 
2005.24 (11): 863–865.
[4] Wei YD, Hu DY, Zhang RF, et al. Study of the patients with metabolic syndrome and peripheral arterial disease. [Chinese] 
Chinese Medical J. 2006,86 (30): 2114–2116.
[5] Li X, Wu FY. The distribution of the ankle–brachial index (ABI) among the elderly and the prevalence of atherosclerosis disease 
(PAD), Quanguo laonian zhouwei dongmaiyinghua jibing fangzhi zhuanti yantaohui lunwen huibian. 2007: 99.
[6] Guan H, Liu ZM, Li GW, et al. Peripheral arterial occlusive disease among patient aged 50 or older with diabetes and related 
factors. [Chinese] Chinese Medical J. 2007,87 (1): 23–27.
[7] Li J. Serial of reports of the lower extremity arterial disease in China. All–cause of lower extremity arterial disease and the 
cardiovascular disease mortality among high–risk groups. Chinese J of Internal Medicine .2006,26 (21): 1685–1687.
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detection  and proper treatment of LEAD confers great benefit. New research in 2013 revealed that Cystatin 
C level is an independent predictor of LEAD among diabetic patients. Cystatin C > 1.2 mg/L significantly 
increases the incidence of LEAD (OR 21.79, 95% CI: 10.05 – 47.28, p<0.001). [1]

3.8.1.3 Effect of LEAD on Mortality

The mortality of patients with LEAD is clearly higher than those without LEAD at the same age, and 
the mortality of patients with LEAD gradually increases with the ABI reduction. One study investigated the 
mortality rates among 3 210 patients with high risk for atherosclerosis diseases on 3–year follow–up (Table 
3–8–2). [2] The results showed that patients with ABI ≤ 0.4 were 3 times (95% CI 1.936–4.979) as likely 
to die as those with ABI in the range of 1.00–1.4; patients with ABI ≤ 0.4 were about five times (95% CI 
2.740–8.388) as likely to die of CVD as those with ABI in the range of 1.00–1.4.

Table 3–8–2 Morality Rates among Atherosclerosis High–risk Patients with 3–year Follow–up by ABI (%)
Mortality Rate ABI ≤ 0.4 0.41–0.9 0.91–0.99 1.0–1.4 Total p–value

All–cause Mortality Rate 37.7 24.4 13.2 12.1 15.7 <0.001

CVD Mortality Rate 27.5 14.5 8.1 6.3 8.9 <0.001

3.8.2 Carotid Arterial Disease
3.8.2.1 Prevalence and Risk Factors for Carotid Arterial Disease

Carotid arterial disease is also commonly seen among the middle–aged and elderly population. Diagnostic 
methods used in epidemiological studies investigating its prevalence include atherosclerotic plaque detection 
rates and intima–media thickness (IMT) measurements via carotid ultrasound. The prevalence of carotid 
arterial disease is also associated with age, certain risk factors, and baseline diseases.

A collaborative cross–sectional study, involving investigators from China and the United States, enrolled 
individuals from the Shijingshan district and Beijing University community. This study reported that the 
ultrasound detection rate of carotid atherosclerotic plaques among 2 681 patients aged 43 to 81 was 60.3% 
(males 66.7%, females 56.2%), with lesions primarily located at the carotid sinus (Table 3–8–3). Multivariate 
analysis shows that IMT among males and females increases with elevated blood pressure, blood glucose, 
and LDL–C levels. Compared to patients without any risk factors, plaque detection rates were higher among 
patients with hypertension, diabetes, smoking history, or high LDL–C. This survey shows that carotid 
atherosclerosis is common throughout China among middle–aged and elderly people and is associated with 
multiple cardiovascular risk factors. [3] A new cohort study of 1 195 patients followed from 1993–1994 to 

[1] Liu F, Shen J, Zhao J, et al. Cystatin C: a strong marker for lower limb ischemia in Chinese type 2 diabetic patients? PLoS 
One.2013,8(7):e66907.
[2] Li X, Luo Y, Xu Y,et al. Relationship of ankle–brachial index with all–cause mortality and cardiovascular mortality after a 3–year 
follow–up: the China ankle–brachial index cohort study. J Hum Hypertens.2010,24(2):111–6.
[3] Wang W, Wu YF, Zhao D, et al. Distribution characteristics and risk factors of carotid atherosclerosis in middle–aged and elderly 
Chinese. [Chinese] Chinese Journal of Cardiology, 2010,38 (6): 553–557.
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2002 demonstrated that carotid IMT was significantly associated with blood lipid levels (TC, LDL–C, non–
HDL–C, TC/HDL–C, and LDL–C/HDL–C) at baseline and at follow–up; the association with blood lipid 
levels at baseline was stronger. [1]

Table 3–8–3 Atherosclerotic Plaque Detection Rates among Middle Age / Elderly People in Beijing.

Gender N（%）
Atherosclerotic Plaque Detection Rates (%)

Common 
Carotid Artery Carotid Sinus Internal Carotid 

Artery Carotid Artery

Male 1 002（39.1） 20.9 61.2 24.7 66.7

Female 1 562（60.9） 13.8 51.6 12.2 56.2

Total 2 564（100） 16.6 55.4 17.2 60.3

A 2007–2010 survey of 13 896 people above 35 years of age from the Uyghur, Kazakh, and Han Chinese 
ethnic groups reported that the carotid atherosclerotic plaque detection rate was 10.2% overall or 12.5%, 
7.2%, and 10.4% respectively. The detection rate in this study was relatively low, probably due to the low 
average risk of cardiovascular diseases and other factors in this population. [2]

3.8.2.2 The Risk of Carotid Arterial Disease and Ischemic Heart Disease

A 5–year follow–up study showed that the baseline IMT was an independent risk factor for ischemic heart 
disease in patients without carotid atherosclerotic plaques (HR = 1.59, 95% CI: 1.04 – 2.45). For patients 
with carotid plaques, the risk of ischemic heart disease increased with overall plaque surface area and number 
of plaques. The hazard ratios for the above were 1.29 (95% CI: 1.08– 1.55) and 1.14 (95% CI: 1.02–1.27) 
respectively. [3,4]

 

[1] Huang Y, Yu X, Millican D, et al.The measurement of lipids currently and 9 years ago – which is more associated with carotid 
intima–media thickness Clin Cardiol, 2012, 35 (8):512–7.
[2] Yang YN, JiWN, Ma YT, et al.Survey of detection rate of carotid plaque among Xinjiang Uygur, Kazak and Han population. 
Chinese Medical J. 2011, 91 (4): 225–228.
[3] Xie W, Wu Y, Wang W, et al. A longitudinal study of carotid plaque and risk of ischemic cardiovascular disease in the Chinese 
population. J Am Soc Echocardiogr, 2011. 24(7): 729–737.
[4] Xie W, Liang L, Zhao L, et al. Combination of carotid intima–media thickness and plaque for better predicting risk of ischaemic 
cardiovascular events. Heart, 2011, 97(16): 1326–1331.
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Chapter 4 

 Community–based Prevention and Control of CVD

4.1 Overview

Community–based prevention of cardiovascular diseases in China has advanced for more than 40 years 
with increasing exploration and practice. Over time, China has developed a comprehensive intervention 
program that focuses on prevention and treatment of hypertension. The first hypertension prevention and 
treatment center in China, established in 1969 at the Capital Iron and Steel Company by Fuwai Hospital, 
was a model of functional community–based prevention work, recognized by the World Health Organization 
as the “Capital Iron Model.” Since the 1970s, various places have established similar centers and pilot 
programs focusing on comprehensive prevention and treatment of hypertension and cardiovascular diseases. 
Since 1997, 24 provinces, autonomous regions, and direct controlled municipalities including Beijing, 
Tianjin, Shanghai, and Zhejiang have launched model comprehensive care programs for chronic diseases. In 
2010, the National Ministry of Health initiated efforts in establishing chronic disease prevention programs, 
creating 140 such sites throughout the country by 2012. China’s community–based prevention work is in the 
midst of continuous improvement with promising results. In 2009, the government pushed forth new medical 
reform policies that brought community–based prevention of hypertension and diabetes into the agenda of 
national public health services and launched prevention–oriented work at the national level.

Over the course of more than 40 years, China’s community–based prevention on cardiovascular diseases 
has gone from local pilot projects to regional comprehensive interventions to a fundament component 
of the national public health service, from treating hypertensive individuals to managing large–scaled 
communities (including healthy persons, high–risk persons, and diagnosed patients) and co–morbidities 
(diabetes, hyperlipidemia, coronary artery disease, stroke, etc.), from emphasis in the prevalence, mortality, 
and risk factors of cardiovascular diseases to improvement in the awareness, treatment, and prevention at the 
population level, and from academic research conducted by experts and specialists to government–initiated 
preventative work through collaborative efforts. Comprehensive prevention of cardiovascular diseases in 
China is gradually developing towards large–scale digitalized standardization.

4.2 An example of Community–based Prevention and Control of CVD – 
the Kailuan Coal Mine Model of Community–based Management of 
Hypertension

Currently, China has more than 146 million industrial workers. The frequent exposure to industrial dust, 
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toxic and harmful substances increases the prevalence of chronic diseases in these industrial workers in 
comparison to the general population. The government–initiated public health service program mostly covers 
residents of the administrative area, rather than industrial workers residing in functional communities, which 
imposes substantial barriers for this population to obtain coverage from the basic public health service.

Not only the creators of social wealth, the industrial population belonged to the golden age group for 
disease prevention and control and is the main target population for implementing the forward–shift strategy 
of national disease prevention and control. To effectively protect employees’ right of life and health and to 
promote health surveillance and self–health management, the Kailuan (Group) Limited Liability Company 
initiated the comprehensive hypertension management program in 2009. 

4.2.1 The Organization of Kailuan Hypertension Management Program

Firstly, a Health and Safety Committee was set up as the leading organization of the health protection 
system for all employees: responsible for the establishment, operational coordination, and supervision of the 
system.

Secondly, the Human Resource Department is responsible for organizing regular physical examinations. 
Additionally, this department works with employees with hypertension, cardiovascular and cerebral vascular 
diseases, who might not be suitable to their original assigned jobs, by changing their work posts, devising 
off–post medical treatment, and assessing the physical capacity of workers.

Thirdly, labor unions at various levels are responsible for the daily management of the system. They 
monitor employee’s health status, urge the employees with chronic diseases to complete regular physical 
examinations, organize first–aid training, and take responsibility for the daily management of first–aid kit.

Lastly, the Safety Supervision Department is responsible for supervising and monitoring the operational 
status of the system. Recommendations for improvement will be proposed based on implementation and 
existing problems of the system.

4.2.2 The Four Levels of Health Protection System

The health protection system operates on four levels: 
(1) Designated hospitals: the 11 designated hospitals are the main implementation units in the system. 

Their functions include: performing physical examinations for all employees every two years; screening, 
rescuing, and treating of serious diseases; offering professional guidance for the production and business 
units, and also for health stations; managing and training system–related staff.

(2) Health station: health stations are the agencies from the designated hospitals resident in the mining 
areas. Their responsibilities include: establishing safety records for all employees; follow–up management, 
giving prescriptions and medical treatment to those were diagnosed (or highly suspected) with chronic 
diseases such as hypertension, cardiovascular, cerebrovascular diseases, and diabetes; broaden the content 
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of medical services; emergency resuscitation in occurrence of major incidence; education and training 
focusing on knowledge of healthy lifestyle and self–rescue; determining the appropriateness of work post 
for employees with hypertension, cardiovascular or cerebrovascular diseases and devising off–post medical 
treatment; dispatching and retrieving of first–aid kit; and regularly replacing emergency medications and 
medical materials. Every doctor takes care of approximately 800–1000 Kailuan coil mine workers.

(3) Underground emergency station: the underground emergency station is specifically responsible for 
dealing with sudden illness and injuries occurring underground. The stations are managed by the production 
units and takes professional guidance from designated hospitals and health stations.

(4) First–aider: first–aiders are also members of the production unit, taking professional guidance from 
designated hospitals and health stations. Their responsibilities are: giving immediate emergency resuscitation 
to the patient and management of the first–aid kit.

4.2.3 Specific Measures of Hypertension Management

Regular screening: All employees complete physical examinations every two years. Newly diagnosed 
hypertension workers were recruited into the hypertension management system.

Education: each month, doctors deliver hypertension preventionand related health education sessions 
and rehabilitation guidance to employees. Health–related lectures are regularly held employing bulletin 
board, blackboard, multi–media, and labor union activities, etc. The content includes: the negative health 
consequences of hypertension, risk factors on cardiovascular diseases, and guidance on healthy lifestyle. 
Health education focusing on hypertension prevention could improve the recognition of early signs of 
cardiovascular and cerebrovascular diseases and emphasize the importance of regular examination and 
medication adherence.

Lifestyle intervention: promotion of lifestyle changes such as reduction of salt intake, weight 
management, smoking cessation, decreasing alcohol use, increasing physical activity, reducing stress, and 
maintaining psychological health.

Pharmacological intervention: free distribution of Spironolactone, Hydrochlorothiazide, Captopril, and 
Nitrendipine; long–term medical management according to physician guidance.

Administrative intervention: the labor union gives material rewards to those who regularly measure blood 
pressure, adhere to medication, and reach blood pressure goals. Also, according to the town dwellers’ lowest 
life guarantee system, the labor union subsidizes the needy families of workers who are on sick leave due to 
hypertension.

Regular follow–up: for the employees diagnosed with hypertension who are on medication, follow–up 
meetings are conducted every two weeks to check blood pressure, provide related health education, monitor 
any side–effect, and adjust medications according to the control status of hypertension and adverse reaction.

Database: both paper–based and electronic health records were established for all employees. Electronic 
records are uploaded into the system to form a health information database. Important endpoints are collected 
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semiannually. Analyzed results will be used to guide the strategy of hypertension management [1].
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 Figure 4–2  Flow Chart of Kailuan Hypertension Management System

4.2.4 The Success of Kailuan Hypertension Management System

After 5 years of efforts, all of the hypertensive patients in Kailuan Coil Mine had undergone management 
with the rate of awareness, treatment and control of hypertension reached up to 100%, 100%, and 52%, 
respectively [2]. The average systolic blood pressure decreased by 12.29 mmHg with a 9.42 mmHg drop in 
average diastolic blood pressure. The number of sudden deaths went down from 37 cases in 2008 to 2 cases 
in 2013. According to statistical analysis, more than 50 articles were published in the national level journals, 
also with a dozen SCI articles published. They also introduced the concept of cardiovascular health behaviors 
and related factors in China for the first time [3,4]. Meanwhile, by influencing family members through staff 

[1] Liu X, Wu SL, Li DQ, et al. factors affecting therapeutic compliance in hypertensive patients in workplace. Chin J Hypertens. 
2012,19(5):420–424.
[2] Wu SL, Liu X, Qin TB, et al. Effect of comprehensive intervention for hypertension in workplace. Chin J 
Hypertens.2011,20(5):425–429.
[3] Zhang Q,Zhou Y,Gao X,et al.Ideal cardiovascular health metrics and the risks of ischemic and intracerebral hemorrhagic stroke.
Stroke.2013,44(9):2451–2456.
[4] Wu SL,Huang ZR,Yang XC,et al.Prevalence of ideal cardiovascular health and its relationship with the 4–year cardiovascular 
events in a northern Chinese industrial city.Circ Cardiovasc Qual Outcomes.2012,5(4):487–493.
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themselves, the social benefits of hypertension management were further increased which led to lower risk of 
cardiovascular and cerebrovascular diseases, lower burden of medical insurance, increased contributions to 
enterprise development, and enhanced productivity .
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Chpater 5  

Medical Expenditure of Cardiovascular Diseases

5.1 Status of Service Utilization for Patients with Cardiovascular 
diseases in China

5.1.1 Trends in Hospitalization and Discharge of CVD 

Among all hospital patient discharges in 2013, 12.47% were related to CVDs (16.00 million) including 
6.50% diagnosed with cardiovascular diseases (8.34 million) and 5.97% diagnosed with cerebrovascular 
disease (7.66 million).(Figure 5–1–1)

Among CVD patients discharged from hospitals in 2013, 35.82% involved acute myocardial infarction 
(493 600) and 29.50% involved cerebral infarction (4.72 million). Others included hypertension (2.36 
million, including 203 000 patients with hypertensive heart and renal disease), intracranial hemorrhage (1.27 
million), and rheumatic heart disease (251 100). Additionally, 2.8142 million patients were discharged for 
diabetes. 

From 1980 to 2013, hospital discharges for CVDs in China have increased annually by 9.51%: faster 
than that of all–cause discharges (6.23% annually).(Figure 5–1–2) The annual discharge rates for cerebral 
infarction, ischemic heart disease, acute myocardial infarction, intracranial hemorrhage, hypertension, and 
hypertensive heart and renal disease increased faster than for other CVDs by 12.29%, 11.66%, 10.35%, 
9.99%, 8.09%, and 5.71%, respectively. The discharges for rheumatic heart disease also increased by 
1.49%, though without statistical significance. The discharges for diabetes increased annually by 14.19% 
during the same period .(Figure 5–1–3, Figure 5–1–4)

Figure 5–1–1 Trend of Hospital Discharge Numbers for CVD, 1980 – 2013

Year 1980 1990 2000 2013

Total 79.80 176.93 333.50 1 599.62

Cardio– 60.28 116.91 187.46 833.81

Cerebro– 19.52 60.02 146.04 765.81
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Note: CVD includes ischemic heart disease (angina, acute myocardial infarction, and other ischemic heart diseases), chronic rheumatic heart 
disease, pulmonary heart disease, hypertension (hypertensive heart disease and kidney disease), and cerebrovascular disease (intracranial bleeding and 
cerebral infarction). Before 2002, ischemic heart disease was classified as coronary artery disease in the Health Statistics Yearbook.

Data source:The national health statistics yearbook data, 1980–2001, Ministry of Health of the People’s Republic of China.

 The national health statistics yearbook, 2002–2012, Ministry of Health of the People's Republic of China. The national statistical yearbook of 
health and family planning, 2013–2014, National Health and Family Planning Commission.

Figure 5–1–2 Change of Hospital Discharged Rate for CVD,1980–2013

 

Year 1980 1990 2000 2013

Rheumatic HD 15.43 16.24 13.62 25.11

Ischemic HD 15.03 42.47 88.71 572.95

Acute MI – 4.75 10.07 49.36

Hypertensive HD/CKD 3.25 9.97 11.08 20.30

DM 3.53 13.59 36.89 281.42

HTN 18.09 44.57 70.60 235.74

Intracranial 

Hemorrhage
5.48 16.09 41.06 126.80

Cerebral Infarction 10.29 31.63 76.97 471.96

Figure 5–1–3 Trend of Hospital Discharge Numbers for Diabetes and  
Certain Types of CVD, 1980 – 2013
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Figure 5–1–4 Change of Hospital Discharged Rate for CVD and Diabetes, 1980 – 2013

5.2 Hospitalization Costs of CVD

For hospitalizations associated with CVDs in 2013, the total medical expenses of acute myocardial 
infarction, intracranial hemorrhage, and cerebral infarction were 11.47 billion, 19.24 billion, and 39.81 
billion RMB, respectively (Figure 5–2–1). After adjusting for annual price inflation, the expenses of acute 
myocardial infarction, intracranial hemorrhage, and cerebral infarction showed an annual increase from 2004 
by 33.46%, 19.86%, and 25.37%, respectively. 

The average individual expenses in 2013 for acute myocardial infarction, intracranial hemorrhage, and 
cerebral infarction were 23 236.1, 15 171.8, and 8 434.6 RMB, respectively, all of which also displayed an 
increase from 2004 to 2013 (with an annual increase of 8.67%, 6.50%, and 2.28%, respectively). (Figure 
5–2–2, Figure 5–2–3)
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 Note: acute MI: acute myocardial infarction; ICH: intracranial hemorrhage; CI: cerebral infarction.

Figure 5–2–1 Trend of Total Hospital Expenses of CVD, 2004–2013
 

Figure 5–2–2 Trend of Hospital Expenses for Each Inpatient Period, 2004–2013
 
Note: Total hospitalization costs=average individual hospitalization costs*number of admissions

Data source: The national health statistics yearbook data, 2005–2012, Ministry of Health of the People’s 
Republic of China; The national statistical yearbook of health and family planning, 2013–2014,National 
Health and Family Planning Commission.
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Figure 5–2–3 Change in Hospital Expenses for CVD from 2004 to 2013

5.3 Pharmaceutical Market of Cardiovascular Diseases

In 2013, the total pharmacy expenses among hospitals in China with at least 100 beds was 579.19 
billion RMB. Among them, 60.93 billion was used in CVD treatment. The five most frequently purchased 
medications were cardiovascular circulation improving medications,other nutritional supplements and 
coronary circulation improving medications, lipid lowering drugs, calcium channel blockers (single 
medication), and an angiotensin II receptor antagonist (single medication).

Table 5–3–1 The 15 Most Commonly Used Medication for Cardiovascular and  
Cerebrovascular Disease in Chinese Hospitals, 2013
Medicine Hospital Expenses (Thousand Million)

Overall 609.32

Cardio–cerebrovascular Circulation Improving 
Medications* 159.81 

Other Nutritional Supplements and Coronary 
Circulation Improving Medications 129.52 

Lipid Lowering Drugs 72.16 

Calcium Channel Blockers(Single Medication) 62.04 

Angiotensin II Receptor Antagonist(Single 
Medication) 44.43 

β-Adrenergic Receptor Blocking Agents(Single 
Medication) 17.16 

Nitrite and Nitrate 16.68 

Angiotensin II Receptor Antagonist(Combine 
Medication) 15.25 

Angiotensin Converting Enzyme Inhibitor(Single 
Medication) 14.39 

Medication for Varicose Veins, Systemic 13.50 

Antianginal Medications Excluding Calcium Channel 
Blockers and Nitrates 9.03 
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Table 5–3–1 The 15 Most Commonly Used Medication for Cardiovascular and  
Cerebrovascular Disease in Chinese Hospitals, 2013     (Continued) 

Medicine Hospital Expenses (Thousand Million)

Diuretics 6.22 

Antihypertensive Agents (Not Herb) 4.85 

Cardiac Inotropes 3.80 

Cardiac Stimulants Excluding Cardiac Glycosides 2.48 

Others 38.00

* Cardio/cerebrovascular circulation improving medications mainly include Erigeron breviscapus, Fik Weitz, Xingding, Ginaton, Ginkgo bilboa 
extract, Shuxuening, Duxil,flunarizine, Mailuoning, DA Lowe etc.

Data obtained from IMS Health (Shanghai) consulting company. In this study, 2000 hospitals with at least 100 beds were included. Medications 
in this study included both typical medications used in CVD treatment worldwide, and Chinese medications which are commonly seen in Asia. 

5.4 Content and Cited Data in This Chapter

Hospital expenditures for CVD in 2013: for representativeness and scientific value, the data here is 
based on hospitalization expenditures and trends of CVD chapter diseases (AMI, intracerebral hemorrhage 
and cerebral infarction), which are included in the 30 most common diseases reported on patient charts in a 
nationwide hospital sample and reported in the Health Statistics Yearbook.

The number of discharges for CVD in 2003 was excluded from this chapter because of the changes in 
definition and diagnosis standards based on guidelines in 1987 and 2002 from The Statistics Information 
Center of National Health and Family Planning Commission.Without exclusion, the data consistency would 
be affected.

Ischemic heart disease: since different diagnosis standards are employed in different local hospitals, some 
systematic error exists in the estimation of the relevant discharge rate. However, the trend of hospitalization 
for ischemic heart disease is not influenced.

The medical care consumer price index (published in the Chinese Statistics Yearbook 2012) was used to 
adjust the medication expenses in this chapter to eliminate the effect of price inflation.

In summary, the number of discharges related to CVD and diabetes has been increasing since 1980. The 
increase rate became noticeably higher after 2000. Accordingly, total hospitalization costs for CVD are 
growing rapidly. Its average annual rate of increase has been growing faster than annual rate of increase 
for GDP. The increase mainly springs from the increased number of hospitalization and high proportion of 
inappropriate prescriptions.
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