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pressure, and fasting glucose, were determined. Ideal cardiovascular health was defined as the simulta-
neous presence of all metrics at the ideal level. A score ranging from 0 to 14 was calculated as the sum
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Spatial analysis index, physical activity and diet) and those for cardiovascular health factors (smoking, total cholesterol,

blood pressure, and fasting glucose) were also calculated.

Findings: The mean age was 44.4 + 15.9 years, and 49.3% were women. The age-sex-standardized preva-
lence of ideal cardiovascular health was universally poor, ranging from 0.02% [95% confidence interval
(CI): 0%, 0.05%] in Tibet to 2.76% (95% Cl: 0.45%, 5.07%) in Heilongjiang. Ideal diet (7.1%) was the least
common factor of the seven metrics in each province and varied considerably across provinces. Other
component metrics of ideal cardiovascular health were also spatially patterned. In all provinces, women
had higher scores than men for cardiovascular health, health behaviors and health factors. Differences
in cardiovascular health and health behavior scores between urban and rural areas were associated with
levels of socio-economic development.

Interpretation: Strategies for addressing poor cardiovascular health require geographic targeting and lo-
calized consideration.
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verse landscape with unevenly distributed social-economic
development and healthcare resources. In this study, we par-
ticularly assessed the status of overall CVH and seven metrics
in China at the provincial level.

Added value of this study

This study used data from a large, provincially representa-
tive survey of the adult Chinese population to elaborate the
general profile of CVH and its spatial patterns. Only 1.06%
of Chinese adults had ideal CVH, with substantial variation
across provinces. Ideal diet was the least common factor
among the seven metrics of CVH in each province and in
China as a whole. The overall CVH and each metric demon-
strated certain spatial patterns at provincial level. The dis-
crepancy in CVH score between urban and rural residents
was associated with local social-economic development.

Implications of all the available evidence

The CVH in all provinces was still extraordinarily poor, im-
plying that majority of Chinese adults were at risk of devel-
oping cardiovascular diseases. Both integrated and localized
public health strategies are required in China to improve car-
diovascular health and to reduce spatial disparities in cardio-
vascular health.

1. Introduction

Cardiovascular disease (CVD) is the largest cause of global mor-
tality and accounts for nearly half of the 36 million annual deaths
from non-communicable diseases [1]. A significant reduction in the
age-standardized mortality rate of CVD was observed from 1990
to 2016 in mainland China [2]|. However, over the same period,
the age-standardized prevalence of CVD increased by 14.7% [2] and
China still has a high burden of CVD [3].

The American Heart Association (AHA) emphasizes the concept
of primordial prevention, or the prevention of cardiovascular risk
factors. It has developed seven cardiovascular health metrics to en-
courage optimal cardiovascular health (CVH) in the population and
particularly to prevent risk factors [4]. As an important component
of primordial prevention, ideal CVH was reported to be associ-
ated with suboptimal health and mental health [5,6]. Several stud-
ies have also suggested that ideal CVH has a beneficial effect on
CVD events, [7-11] CVD mortality and all-cause mortality [12-15],
as well as the quality of life [4]. However, there is an extremely
low percentage of individuals with ideal CVH in the Chinese adult
population [16-18].

China has a socio-economically and topographically diverse
landscape, and healthcare resources are also unevenly distributed.
The disease burden of CVD varies across provinces and the gap be-
tween provinces has widened over the past two decades [2]. A
nationwide survey that investigated overall CVH in China called
for strategies addressing both the whole population and those at
high risk of CVD to reverse the increasing levels of cardiovascular
risk [16]. However, there has been little investigation into the spa-
tial patterning of CVH. Previous efforts have been limited to com-
parisons of small subgroups in provinces or differences between
regions crudely defined as north and south [10,12,16-19]. Deci-
sion makers require more detailed information about geographical
variation in CVD risk at subnational level to enable them to pro-
vide cost-effective local resource allocation and specific preventive
health policies that address both CVD and related health inequali-
ties.

This study aimed to use a nationally and provincially repre-
sentative survey, the 2015 China Chronic Disease and Nutrition
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Surveillance (CCDNS), to determine the variation of CVH status
across provinces, by gender, and between urban and rural areas.

2. Methods
2.1. Study population

The CCDNS was previously known as the China Chronic Dis-
ease and Risk Factor Surveillance, and is a periodical cross-
sectional survey of non-communicable and chronic diseases and
major risk factors. The 2015 CCDNS field survey was conducted
in 298 surveillance counties/districts selected from the newly-
integrated national mortality surveillance system established in
2013 [20]. Those surveillance counties/districts were located in all
31 provincial-level administrative areas in mainland China, includ-
ing 22 provinces, 5 autonomous regions and 4 metropolitan cities
(thereinafter referred to as provincial units). Urban and rural ar-
eas were defined using the latest criteria from the National Bureau
of Statistics, which defined them at administrative village or com-
munity level. The target population of the CCDNS was adults aged
18 years and above, living in the sample areas for at least six of
the past 12 months, not pregnant (for women), and with no men-
tal health issues or other illnesses which might lead to inaccurate
responses or impede physical measurement.

2.2. Sampling methods

In 2015, a complex multi-stage sampling design was used to
select eligible participants within every district/county. First, two
townships or areas were selected using the proportional to pop-
ulation size method. Second, using the same sampling technique,
three administrative villages or communities were selected in each
chosen township. Third, each administrative village or community
was divided into several residential quarters, each with nearly 60
households, from which three quarters were randomly selected. Fi-
nally, 45 households were selected to be the target households.
The households and eligible family members were invited to par-
ticipate in the survey. Of the selected households, 20 were ran-
domly chosen to participate in an additional dietary survey. For ev-
ery selected household, basic information (e.g., sex, birth date) of
every family member was recorded. Family members who met the
inclusion criteria were invited to participate the individual ques-
tionnaire interview, physical measurement, and blood samples. If a
chosen household or more than half of its family members refused
to participate, or was unavailable, a replacement was selected us-
ing the following principles: (a) the whole household should be
replaced; (b) a household in the same residential quarter would
be chosen as the replacement if possible; (c) the replacement can-
didate household should have a similar family structure to the
original household. In total, of 82,977 eligible participants, 80,902
were interviewed and completed the survey, giving an individual
response rate of 97.5%. We excluded 530 participants who were
under 20 years old and 5646 with history of stroke or myocardial
infarction. This left a total of 74,726 individuals for inclusion in this
analysis. The flow diagram of study sample is shown in Fig. 1.

2.3. Data collection

All respondents were interviewed using a household question-
naire, to collect economic, environmental, and other family infor-
mation. Eligible participants were also given an individual ques-
tionnaire to obtain information on demographic characteristics,
lifestyle factors, and history of chronic diseases. They were invited
to attend a community health service station for physical mea-
surements and blood samples. Smoking status was obtained using
the questionnaire from the Global Adult Tobacco Survey [21]. The
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All counties/districts in 31 provinces in the mainland China

Stratified and systematically selected to represent each province and the country

National Disease Surveillance Points (DSP) System with 605 districts/counties

l

China Chronic Disease and Nutrition Surveillance 2015

298 DSPs selected randomly

Exclude households*:
-382 Partially
completed,

-827 Not sure to

l

596 townships
(2 townships per DSP)

v

1788 villages / residential areas
(3 villages / residential areas per
township)

v

87 007 sampled households

A

agree;
-1 564 refused;

-951 unable to reach;
-240 Other reasons

Exclude individuals*:
-875 Partially
completed,

-1 858 Not sure to
agree;

-153 refused;

-23 family member
refused for him/her
-1 857 unable to
reach;

-91 Other reasons

Data cleaning stage—
exclude individuals:
-530 aged <20 years
-5646 with CVD history

v

83 043 eligible households
194,462 eligible individuals

189 605 eligible individuals aged 18
years and above participated and
completed the interview

Participating diet survey

No diet survey

80902 eligible individuals

108703 eligible individuals

74726 eligible individuals included in
analysis

Fig. 1. Flow diagram of study sample.

Global Physical Activity Questionnaire was used to assess physical
activity [22]. Dietary behavior within the past 12 months was esti-
mated using a food frequency questionnaire [23]. Households par-
ticipating in the dietary survey completed a 3-day weighed dietary
record (including salt consumption) and provided 3-day dietary re-
calls. Systolic and diastolic blood pressure were measured three

times with a one-minute interval using an electronic sphygmo-
manometer (HEM-1300; OMRON Healthcare Product Development
Dalian Co., Ltd., Dalian, China) after the participants had rested for
5 minutes. Three readings of each were recorded and the average
of the last two readings was used for data analysis. Blood samples
were obtained in the morning after an overnight fast of at least
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10 h. Serum samples for glucose and lipids tests were placed in
the car refrigerator or box with ice cubes, delivered to the labora-
tory of local Centers for Disease Control and Prevention (CDC), and
stored in refrigerator at -20 °C within 2 h. Then, within one week
after sample collection, samples were frozen at —80 °C with dry
ice and shipped by air to the central laboratory in Beijing. Serum
glucose (hexokinase method) and total cholesterol (cholesterol ox-
idase method) were tested using a Hitachi 7600 automated clinical
chemistry analyzer (Hitachi, Ltd. Japan). Trained interviewers from
local CDC carried out all the interviews, measurements, and blood
sample collection. The central lab was certificated by the College
of American Pathologists and performed all tests using stringent
quality control procedures. The details of data collection have also
been described in a previous study on the detection of insulin [24].
The survey was authorized by the ethics committee of the Chinese
Center for Disease Control and Prevention (201519-A). Written in-
formed consent was obtained from all participants before data col-
lection.

2.4. CVH metrics

In line with AHA guidelines, the seven CVH metrics (smoking,
BMI, physical activity, diet, total cholesterol, blood pressure, and
fasting glucose) were grouped into cardiovascular health behaviors
(smoking, BMI, physical activity and diet) and cardiovascular health
factors (smoking, total cholesterol, blood pressure, and fasting glu-
cose). Smoking is included as both a health behavior and a health
factor because of its importance in health promotion.

A CVH score was calculated for each participant based on the
seven-component metrics. Each metric was classified into three
levels (poor = 0 point; intermediate = 1 point; ideal = 2 points).
Detailed definitions of “poor,” “intermediate,” and “ideal” levels for
all metrics are described in eTable 1 in the Supplement. CVH score
ranged from O to 14, and the Health Behaviors Score (HBS) and
Health Factor Score (HFS) both ranged from O to 8. Ideal cardiovas-
cular health is defined as the simultaneous presence of all seven
ideal cardiovascular health items among subjects without the his-
tory of cardiovascular disease.

2.5. Socio-demographic Index

We used the Socio-demographic Index (SDI), which was de-
veloped by the Global Burden of Disease Study, as an indicator
of overall socio-economic development status. It is the geometric
mean of indices rated from 0 to 1 for total fertility rate under age
25, years of educational attainment in the population over 15 years
old, and lag-distributed income per capita [25]. The 2015 SDI data
for each province were downloaded from the Global Health Data
Exchange tool from the Global Burden of Disease Study.

2.6. Statistical analysis

We described the demographic and socio-economic character-
istics of the study population by province. We then determined
age-sex-standardized prevalence rate of the seven ideal CVH met-
rics and overall ideal CVH by province. We also calculated age-
sex-standardized mean CVH score, HBS and HES by province, and
showed them using choropleth maps. We used Pearson linear cor-
relation analysis to determine associations between SDI and the
prevalence of the seven ideal CVH metrics, overall ideal CVH,
and the three scores. Stratified analyses were applied by gender
and for urban and rural areas. In male/female group, we calcu-
lated the age-standardized prevalence and score. We also eval-
uated the associations between SDI and the differences in CVH
score, HBS and HFS between urban and rural residents, and by
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gender. Weights were calculated for all the estimation of popu-
lation weighted indicators. The weights consisted of two compo-
nents: sampling weights which accounted for the sampling process
and equaled to the probabilities of being selected to participate in
the survey, and post-stratification weights which harmonized the
sample structure of survey with that of 2015 Chinese population
estimated by the State Statistics Bureau. Particularly, we consid-
ered the age (5-year increments), gender, rural/ urban residency,
and provinces simultaneously when doing the post-stratification.
These population data were also used in the age-standardization
process. Hot-Deck imputation from the US Census Bureau [26] was
used to impute all the missing values in CVH metrics, a total of
13.9% of the observations.

All analyses used SAS version 9.4 (SAS Institute, Inc., Cary, North
Carolina). We accounted for the complex sample design using Tay-
lor’s series method with finite population correction for the pri-
mary sampling units, while estimating the sampling error. Com-
parisons for prevalence were performed with Rao-Scott x2 tests,
while those for means were performed with design-based linear
regression [27]. Choropleth maps were generated by JMP 14 (SAS
Institute, Inc., Cary, North Carolina). All tests were two-sided, and a
P value < 0.05 was considered statistically significant. The present
study defines significant differences between any 2 estimates as
nonoverlap of their 95% confidence intervals (Cls).

2.7. Role of funding Source

National Key R&D Program (Reference Number
2018YFC1311700) supported the symposiums for this study.
The Shenzhen Strategic Emerging Industry Development Special
Fund (Reference Number ZDYBH201900000007) and the Fund of
"Sanming" Project of Medicine in Shenzhen (Reference Number
SZSM201811096) paid the staff costs of data analysis and draft
revision.

3. Results
3.1. Characteristics of the study population

The baseline characteristics of the study population by province
are shown in eTable 2 in the Supplement. The study included
74,726 participants, and the sample size ranged from 1433
(Ningxia) to 3644 (Guangdong). The mean age was 44.4 + 159
years, and 49.3% were women. The minimum average age was 40.5
years in Tibet, and the maximum was 47.1 years in Chongqing. The
lowest proportion (8.7%) of older people (> 65 years old) was in
Heilongjiang and the highest proportion (15.9%) in Chongqing. The
proportion of women ranged from 46.0% in Guangdong to 51.5% in
Anhui, and the proportion of married people from 76.1% in Shang-
hai to 90.3% in Anhui. Substantial variation was observed between
provinces in the proportion of high school education or above,
ranging from 10.3% in Guizhou to 66.9% in Beijing. The proportion
of people living in rural ranged from 8.5% in Shanghai to 78.4% in
Guizhou.

3.2. Ideal CVH status and component metrics

In general, only 1.06% (95% CI: 0.88%, 1.24%) of the overall pop-
ulation had ideal CVH in China. The standardized prevalence of all
seven CVH metrics and overall ideal CVH by province are shown
in Table 1. The prevalence of ideal CVH varied significantly across
provinces, ranging from 0.02% (95% CI: 0%, 0.05%) in Tibet to 2.76%
(95% CI: 0.45%, 5.07%) in Heilongjiang.

Ideal fasting glucose was the most common individual factor
(88.0%), followed by ideal physical activity (79.6%), ideal choles-
terol (72.3%), ideal smoking (71.1%), and ideal BMI (64.0%). How-
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Table 1
Age-sex-standardized proportions of ideal cardiovascular health among different provinces in Chinese adults in 2015.
Region Province ? SDI ideal smoking ideal ideal ideal body ideal ideal ideal blood ideal CVH
healthy diet  physical weight glucose cholesterol pressure
activity
North Beijing 0.84>¢ 731 10.0 84.4 49.4 81.5 74.8 31.1 0.30
(68.9, 77.3)¢ (6.5, 13.5) (82.5,86.4) (46.3,52.6) (79.3,83.7) (72.0,77.6) (27.7,34.5) (0.08, 0.52)
Tianjin 0.80 71.0 8.9 75.9 51.7 77.7 72.0 25.0 1.34
(65.2, 76.7) (6.1, 11.7) (71.5,80.3) (47.3,56.1) (72.3,83.2) (68.0,76.1) (19.6, 30.4) (0.67, 2.01)
Hebei 0.72 70.6 4.0 78.5 56.9 88.5 76.5 28.7 0.10
(65.2, 75.9) (0.5, 7.5) (74.5, 82.5) (54.3,59.4) (86.4,90.5) (74.0,79.0) (24.1, 33.2) (0.01, 0.19)
Shanxi 0.71 67.7 1.1 80.2 53.1 86.4 77.3 27.5 0.29
(65.6, 69.9) (04, 1.7) (75.8,84.5) (47.4,58.8) (83.9,88.8) (73.8,80.8) (25.2,29.8) (0, 0.60)
Inner Mongolia  0.72 65.9 2.8 81.2 55.3 87.4 69.2 27.6 0.30
(63.9, 67.8) (1.1, 44) (75.2, 87.2)  (49.7,60.9) (854, 89.3) (66.1,72.3) (21.7,33.5) (0.03, 0.56)
Northeast Liaoning 0.74 69.9 119 85.0 54.9 83.5 70.3 29.2 1.60
(63.4, 76.4) (6.5, 17.3) (80.5, 89.4) (524,57.4) (80.2,86.8) (67.0,73.5) (254, 32.9) (0.21, 2.99)
Jilin 0.71 75.1 4.9 84.5 53.9 88.4 78.2 28.8 0.76
(72.1, 78.2) (1.7, 8.2) (80.5, 88.6) (50.7,57.1)  (83.9,92.9) (69.1,87.4) (27.3,304) (0.04, 1.47)
Heilongjiang 0.70 76.7 7.1 82.9 57.6 82.5 70.4 33.2 2.76
(71.7, 81.7) (4.6, 9.6) (80.5, 85.3) (54.6,60.7) (80.2, 84.7) (67.8,73.0) (28.0,38.4) (0.45, 5.07)
East Shanghai 0.82 78.4 16.1 74.7 64.3 87.4 80.9 35.0 2.14
(75.5, 81.3) (13.5,18.8) (68.7,80.7) (59.8,68.9) (83.5,91.4) (78.1,83.8) (30.0,39.9) (1.16, 3.11)
Jiangsu 0.75 70.8 135 77.4 58.4 88.0 72.6 27.4 2.11
(67.6, 74.1) (104, 16.6) (72.3,82.5) (55.3,61.4) (84.6,91.3) (68.7,76.4) (21.7,33.0) (1.30, 2.91)
Zhejiang 0.75 72.9 19.0 76.8 70.4 87.9 72.5 323 231
(69.8, 76.0) (16.5,21.4) (73.4,80.2) (65.5,75.2) (84.8,909) (64.2,80.7) (27.5,37.1) (1.61, 3.01)
Anhui 0.65 70.9 6.4 69.5 62.9 90.1 75.7 26.9 0.59
(68.1, 73.8) (3.3,94) (61.6, 77.4)  (58.1,67.8) (87.7,92.5) (73.3,78.1) (23.6,30.2) (0.15, 1.03)
Fujian 0.72 72.7 12.4 77.8 713 90.2 58.4 33.7 2.09
(69.3, 76.2) (9.3, 15.5) (73.9, 81.8) (68.9,73.6) (89.6,90.8) (55.9,60.8) (27.6, 39.8) (1.01, 3.18)
Jiangxi 0.66 73.8 6.8 84.3 74.3 89.4 75.3 324 1.40
(71.1, 76.4) (3.6, 10.0) (81.3,874) (70.5,78.1) (86.5,92.4) (72.2,78.3) (27.2,37.5) (0, 3.06)
Shandong 0.74 74.6 7.2 76.9 55.3 89.1 67.0 25.9 0.74
(69.0, 80.3) (5.4, 9.0) (68.3, 85.4) (52.5,58.2) (86.8,91.3) (63.9,70.1) (19.2, 32.6) (0.43, 1.05)
Central Henan 0.70 71.9 14 73.3 50.2 84.8 73.0 26.8 0.05
(69.7, 74.1) (0.4, 2.5) (68.5, 78.1)  (44.8,55.7) (78.0,91.6) (66.0, 80.0) (22.1, 31.5) (0, 0.14)
Hubei 0.70 70.8 10.5 79.4 69.9 90.5 79.5 325 1.81
(66.1, 75.6) (7.8,13.3) (75.5,83.2) (65.4,744) (87.7,93.2) (75.0,84.1) (25.5,39.5) (0.33, 3.29)
Hunan 0.69 64.1 4.0 79.1 73.9 89.3 71.8 33.6 0.25
(62.9, 65.3) (2.7, 5.3) (744, 83.8) (72.2,75.6) (87.5,91.1) (684, 75.2) (26.3, 41.0) (0.06, 0.43)
South Guangdong 0.77 67 16.2 78.5 71.4 88.1 60.2 41.9 2.04
(63.6, 70.3) (8.2, 24.2) (73.8,83.2) (69.2,73.6) (83.1,93.0) (56.8,63.6) (35, 48.7) (0.83, 3.25)
Guangxi 0.69 71.0 7.6 77.2 74.9 85.5 54.7 323 1.33
(66.3, 75.7) (5.4, 9.8) (75.2,79.1) (71.2,78.6) (825, 88.5) (50.8,58.6) (28.2,36.3) (1.03, 1.63)
Hainan 0.70 62.8 13.7 84.2 80.5 88.2 55.7 37.9 1.40
(584, 67.2) (10.7, 16.8)  (79.6, 88.9) (75.8,85.2) (86.0,90.3) (51.3,60.0) (34.9, 40.9) (0.51, 2.29)
Southwest  Chongqing 0.69 67.1 5.9 81.8 62.2 85.9 67.3 32.9 (25.8, 1.14
(63.8, 70.3) (2.4,94) (77.1, 86.5)  (57.3,67.2) (80.4,91.5) (59.6,74.9) 39.9) (0.26, 2.02)
Sichuan 0.67 65.5 6.6 79.8 66.7 89.2 73.5 39.0 1.18
(60.5, 70.4) (4.4, 8.7) (73.8,85.9) (63.9,69.6) (844,94.0) (684,78.6) (32.9,45) (0.24, 2.11)
Guizhou 0.59 67.1 3.6 77.6 74.1 91.0 71.2 33.9 0.40
(61.5, 72.7) (1.4, 5.9) (64.9,90.3) (64.3,83.9) (87.5,94.5) (66.0,76.4) (24.1,43.7) (0.01, 0.78)
Yunnan 0.63 63.8 4.5 86.1 71.0 92.0 70.4 35.9 0.89
(61.1, 66.5) (3.3,5.8) (82.3,89.9) (67.1,75) (88.6,95.5) (65.8,75.1)  (31.1, 40.7) (0.42, 1.35)
Tibet 0.57 85.2 0.3 74.0 76.2 92.0 71.5 322 0.02
(81.4, 89) (0,0.7) (63.7,84.2) (634, 89.1) (90.5,93.5) (68.5,74.6) (24.2,40.2) (0, 0.05)
Northwest  Shaanxi 0.69 71.0 1.9 80.5 65.0 91.9 79.6 327 0.38
(66.4, 75.5) (0, 4.1) (74.2,86.8)  (57.6,72.5) (89.1,94.7) (76.5,82.8) (28.2,37.2) (0, 0.81)
Gansu 0.62 68.2 3.0 80.4 65.2 91.1 79.3 28.4 0.17
(66.4, 70.1) (1.8, 4.2) (73.7,87.1)  (61.1,69.3) (89.2,92.9) (78.1,80.4) (25.9, 30.9) (0.02, 0.32)
Qinghai 0.64 71.5 0.7 83.8 67.6 88.7 80.3 37.2 0.07
(64.2, 78.8) (0, 1.5) (80.5,87.1)  (62.2,73) (85.8,91.7) (76.9,83.7) (30.0, 44.3) (0, 0.14)
Ningxia 0.66 75.5 4.8 82.3 67.4 94.2 85.5 37.1 2.08
(73.4, 77.6) (0,9.9) (774, 87.3) (64.8,69.9) (93.3,95.1) (854, 856) (30.1, 44.2) (0, 4.40)
Xinjiang 0.71 79.4 4.2 79.5 543 88.4 77.5 41.8 0.90
(73.5, 85.3) (1.1, 7.4) (71.1, 87.9)  (49.3,59.4) (85.7,91.0) (72.3,82.6) (37.3,464) (0.02, 1.77)
Total 0.72 711 7.1 79.6 64.0 88.0 723 323 1.06
(70.2, 72.0) (6.5, 7.8) (78.5,80.7) (62.9,65.1) (87.4,88.7) (71.3,73.2) (31.2,334) (0.88, 1.24)

2 Not including China Hong Kong, Macao and Taiwan.

b Redder color means higher value of point estimation for SDI and individual ideal metrics, bluer means lower value of point estimation.
¢ SDI means social development index.

d Proportion and 95% confidence interval.
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ever, quite a low proportion had ideal blood pressure (32.3%) and
ideal healthy diet (7.1%). For some CVH metrics, there were sub-
stantial variations between provinces. For example, the proportion
with an ideal healthy diet was 19.0% in Zhejiang, over 60 times
greater than in Tibet (0.3%), and the proportion with ideal choles-
terol levels ranged from 54.7% in Guangxi to 85.5% in Ningxia.

Table 1 also shows the spatial patterns of CVH metrics in main-
land China. There was a higher proportion of people with ideal
smoking levels in the east, and fewer in the south and southwest
except Tibet. There were also more people with an ideal healthy
diet in the east and south, and fewer in the northwest. Ideal phys-
ical activity was more common in the northeast and northwest re-
gions. Better fasting glucose levels were seen in the southwest and
northwest regions. More people in the northwest had ideal choles-
terol levels. There were similar spatial patterns for BMI and blood
pressure, which showed higher prevalence in the south and south-
west and lower in the north and northeast regions.

3.3. CVH score

In the overall population, the average CVH score, HBS, and HFS
were 10.23 (95% CI: 10.18, 10.27), 5.57 (95% CI: 5.54, 5.60), and 6.09
(95% CI: 6.06, 6.13). The standardized mean CVH score ranged from
9.61 (95% CI: 9.36, 9.86) in Inner Mongolia to 10.79 (95% CI: 10.70,
10.89) in Shanghai. HBS ranged from 5.09 (95% CI: 4.91, 5.27) in
Inner Mongolia to 5.95 (95% CI: 5.89, 6.02) in Shanghai, and HFS
from 5.78 (95% CI: 5.70, 5.87) in Hainan to 6.52 (95% CI: 6.44, 6.60)
in Ningxia.

Fig. 2 shows the spatial pattern of the provincial CVH score,
HBS, and HFS. The northern region had the lowest CVH score, with
higher scores in Shanghai, Hubei, Ningxia, Zhejiang, and Jiangxi.
HBS was higher in the southeast, including Shanghai, Zhejiang and
Hainan, and lower HBS in the north. Xinjiang, Tibet, and Ningxia
had the highest HFS, with lower values in the northern and south-
ern regions.

3.4. Urban-rural differences

The distributions of all seven CVH metrics and overall ideal
CVH for urban and rural areas are shown in Table 2. The propor-
tion of ideal CVH among urban residents was 1.56% (95% CI: 1.20%,
1.92%), statistically higher than among rural residents [0.62% (95%
Cl: 0.50%, 0.75%)]. Lower ideal rates were observed in the urban
population for physical activity, BMI, and blood glucose. In most
provinces, the ideal CVH rate was higher among urban than rural
residents. The spatial patterns of ideal diet, body weight, choles-
terol and blood pressure were similar between urban and rural ar-
eas, while other metrics appears to be fairly different in between.

In urban areas, mean CVH score ranged from 9.55 (95% CI: 9.45,
9.66) in Shanxi to 10.69 (95% CI: 10.47, 10.92) in Guangdong, while
the range for rural areas was from 9.42 (95% CI: 9.32, 9.53) in Bei-
jing to 10.50 (95% CI: 10.21, 10.80) in Ningxia. Fig. 3 shows some
differences in CVH score, HBS, and HFS between urban and ru-
ral areas. There were higher CVH scores in the urban areas of the
southeast and the rural areas of the northwest and southeast. For
HBS, similar patterns were observed between urban and rural res-
idents. Both urban and rural residents in the northwest had higher
HFS.

Differences in CVH score, HBS and HFS between urban and ru-
ral areas for 31 provinces was presented in eFig. 1 in the Sup-
plement. Differences in CVH score between urban and rural ar-
eas were positively associated with SDI (R? = 0.266, P = 0.003,
Fig. 4). There was a similar association for the differences in
HBS (R? = 0.283, P = 0.002). However, the association between
the differences in HFS and SDI was only marginally significant
(R = 0.088, P = 0.106).
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Fig. 2. Age- and sex-standardized CVH Score, Health Behaviors Score, and Health
Factors Score by 31 provinces in China, 2015. (A) CVH score. (B) Health Behaviors
Score. (C) Health Factors Score.
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Fig. 3. Age- and sex-standardized CVH score, Health Behaviors Score and Health Factors Score in urban and rural area across China, 2015. (A) CVH score in urban area. (B)
CVH score in rural area. (C) Health Behaviors Score in urban area. (D) Health Behaviors Score in rural area. (E) Health Factors Score in urban area. (F) Health Factors Score in
rural area.
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Table 2
Age-sex-standardized proportions of ideal cardiovascular health among different provinces in urban and rural residents, 2015.
Region Province? No. ideal smoking ideal ideal ideal body ideal ideal ideal blood ideal CVH
healthy diet  physical weight glucose cholesterol pressure
activity
Urban
North Beijing 1003 76.4 10.6 84.7 51.5 82.6 76.8 34.4 0.30
(70.8, 82.0)>¢ (6.5, 14.7) (82.6, 86.7)  (48.3,54.6) (79.6,856) (75.2,783) (30.8, 37.9) (0.08, 0.52)
Tianjin 1038 77.2 11.1 79.7 52.1 78.3 69.2 24.4 222
(68.9, 85.4) (7.8, 14.5) (75.6, 83.8)  (49.3,54.9) (704,86.1) (65.2,73.2) (17.1,31.8) (1.09, 3.35)
Hebei 1183 72.5 7.5 77.7 52.2 87.4 75.8 30.6 0.13
(64.6, 80.5) (1.9, 13.1) (70.4, 849)  (48.4,56.0) (84.2,90.6) (71.8,79.9) (25.7,35.5) (0, 0.32)
Shanxi 489 71.7 1.7 78.5 49.4 77.5 71.0 30.2 0.46
(69.3, 74.1) (0.1, 3.3) (69.1, 88.0)  (40.3,58.6) (72.0,829) (65.7,763) (244, 35.9) (0, 1.15)
Inner Mongolia 699 714 39 83.8 50.1 84.8 72.3 29.7 0.31
(69.0, 73.7) (0.3, 7.5) (76.6, 91.0)  (39.7,60.6) (82.1,87.5) (67.8,76.8) (15.7, 43.6) (0, 0.64)
Northeast Liaoning 1278 74.9 133 84.9 50.7 83.0 68.9 323 2.01
(69.8, 80.1) (4.1, 22.5) (79.4,90.3)  (48.2,53.3) (804, 855) (65.0,72.8) (284, 36.3) (0, 4.31)
Jilin 784 814 7.5 85.8 524 86.9 78.1 275 1.29
(76.6, 86.1) (2.4, 12.6) (82.2,89.3) (46.9,57.9) (83.8,90.0) (70.4, 859) (26.3,28.7) (0.01, 2.57)
Heilongjiang 610 82.8 9.4 83.9 57.8 80.0 70.7 36.7 3.77
(79.9, 85.7) (5.9, 13) (79.3,884) (55.5,60.1) (788,81.2) (69.6,71.9) (33.7,39.7) (0, 7.70)
East Shanghai 1405 78.6 16.4 75.1 64.5 875 81.1 35.8 223
(754, 81.8) (13.3,19.4) (68.3,81.8) (594, 69.5) (83.1,91.8) (782, 84) (29.6, 41.9) (1.23, 3.23)
Jiangsu 2122 69.2 13.0 74.6 58.7 87.6 714 28.0 234
(66.7, 71.6) (8.1, 17.9) (70.6, 78.6)  (55.3,62.0) (85.1,90.1) (67.5,753) (19.7, 36.2) (1.17, 3.52)
Zhejiang 888 75.6 26.1 78.5 69.6 87.2 72.0 30.2 3.06
(72.7, 78.6) (22.6,29.7)  (74.3,82.7) (62.7,76.5) (82.2,922) (649 679.1) (23.0,37.4) (2.31, 3.81)
Anhui 1141 69.8 7.2 66.9 60.7 89.0 78.3 29.9 0.53
(65.9, 73.7) (1.4, 12.9) (57.4,76.3) (57.0,64.3) (86.2,91.8) (76.2,804) (23.5, 36.3) (0, 1.19)
Fujian 1149 71.8 14.9 73.9 69.4 92.5 59.9 30.8 2.44
(68.6, 75) (108, 19) (69.3,784) (64.9,73.9) (91.1,93.8) (57.8,61.9) (274, 34.1) (1.44, 3.44)
Jiangxi 1011 78.0 7.1 84.6 74.0 89.9 73.4 35.1 243
(72.7, 83.2) (0.4, 13.7) (80.4, 88.8)  (67.5,80.5) (87.2,925) (67.8,79.1) (31.1,39.1) (0, 5.66)
Shandong 1342 76.6 8.3 78.2 54.8 86.6 67.6 31.9 0.91
(66.6, 86.7) (6.1, 10.6) (74.3,82.1) (494, 60.3) (83.1,90.1) (64.1,71.1) (23.2, 40.6) (0.55, 1.26)
Central Henan 1920 69.4 1.9 78.1 48.0 81.8 68.7 28.8 0.11
(65.5, 73.2) (0.4, 3.5) (75.0, 81.1)  (35.2,60.7) (71.1,92.5) (57.1,804) (20.7, 36.9) (0, 0.31)
Hubei 1260 76.6 10.8 77.8 67.8 92.1 78.6 374 243
(71.2, 81.9) (6.7, 14.9) (73.5,82.1) (63.0,72.6) (87.7,96.4) (72.8,843) (26.8, 48.0) (0, 5.11)
Hunan 1183 67.2 32 77.9 74.5 89.4 734 37.0 0.17
(64.1, 70.3) (1.0, 5.4) (69.1, 86.8)  (73.1, 76) (87.2,91.5) (67.9,78.9) (254, 48.6) (0, 0.52)
South Guangdong 2001 69.8 215 79.1 68.6 92.2 61.9 47.1 2.87
(64.6, 74.9) (12.0, 31.0)  (73.7,84.4) (65.6,71.6) (88.3,96.2) (559, 67.9) (384, 55.7) (1.69, 4.06)
Guangxi 791 77.9 9.3 76.1 69.1 90.6 67.6 40.8 2.16
(71.8, 84.0) (7.7, 10.8) (72.2,80.0) (64.3,74.0) (88.6,92.5) (65.8,69.5) (35.9, 45.6) (0.91, 3.42)
Hainan 322 66.9 14.4 84.6 66.4 86.5 53.5 29.6 0.96
(62.7, 71.0) (8.4, 20.3) (83.7,85.6) (54.6,78.2) (81.5,91.5) (445, 62.5) (26.3, 33.0) (0, 2.60)
Southwest ~ Chongqing 790 67.3 5.7 773 60.1 86.7 68.4 39.5 1.51
(60.3, 74.3) (2.5, 8.9) (70.1, 84.4)  (53.4,66.9) (79.7,93.7) (59.5,77.4) (27.7,51.2) (0, 3.66)
Sichuan 1059 63.4 4.8 81.0 66.8 93.3 75.3 36.6 1.25
(60.0, 66.7) (24, 7.2) (75.5, 86.4)  (62.9,70.7) (90.9,95.6) (70.1,80.5) (29.5, 43.7) (0.17, 2.34)
Guizhou 451 72.5 3.7 78.9 73.3 88.3 70.5 29.8 0.51
(62.5, 82.6) (0.6, 6.7) (70.4, 87.5)  (60.9, 85.8)  (83.7,93.0) (68.9, 72.1) (224, 37.1) (0, 1.25)
Yunnan 647 62.9 4.6 87.2 66.8 88.5 71.6 41.0 1.58
(60.5, 65.3) (3.0, 6.2) (82.2,92.2) (57.9,75.6) (80.8,96.1) (60.8,82.4) (31.0,51.0) (0.54, 2.61)
Tibet 347 85.3 0 71.1 70.2 94.1 72.7 35.9 0
(81.8, 88.8) (58.0,84.1) (53.1,87.2) (91.2,97.0) (64.5, 80.9) (334, 38.3)
Northwest ~ Shaanxi 978 73.1 2.4 (0, 5.8) 773 64.1 90.8 78.6 36.9 0.59
(68.7, 77.4) (71.3,83.3) (54.2,73.9) (88.3,93.4) (76, 81.3) (31.1, 42.8) (0, 1.29)
Gansu 356 75.2 3.1 73.2 63.6 84.5 70.4 289 0.33
(65.5, 85.0) (0,7.1) (57.0, 89.4)  (56.7,70.5) (81.3,87.8) (63.3,77.5) (21.6, 36.1) (0, 1.07)
Qinghai 322 76.2 2.2 81.6 53.8 825 72.7 30.0 0.31
(72.4, 79.9) (2.1,22) (79.3, 84.0) (52.8,54.7) (79.3,85.7) (69.9, 75.6) (28.7,31.2) (0.22, 0.40)
Ningxia 398 75.1 8.4 82.6 63.9 93.2 84.6 36.4 3.76
(73.3, 76.8) (0, 17.1) (80.4, 84.8) (61.2,66.7) (91.6,94.8) (83.0,86.1) (29.5, 43.3) (0, 8.05)
Xinjiang 885 75.0 6.0 82.0 51.3 86.4 74.7 41.2 1.30
(72.7, 77.4) (3.7, 8.4) (72.0,92.0) (47.6,55.0) (83.5,89.2) (71.0,784) (35.5, 47.0) (0.47, 2.14)
Total 29852 741 9.2 79.2 60.6 87.1 72.8 34.0 1.56
(72.9, 75.3) (8.0, 10.5) (77.7, 80.6)  (59.0, 62.2) (86.1,88.2) (71.5,74.1) (32.4,35.6) (1.20,1.92)

(continued on next page)



M. Zhang, Y. Shi, O. Shi et al.

Table 2 (continued)
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Region Province? No. ideal smoking ideal ideal ideal body ideal ideal ideal blood ideal CVH
healthy diet  physical weight glucose cholesterol pressure
activity
Rural
North Beijing 653 61.8 7.7 83.7 424 77.5 67.9 19.8 0.30
(59.0, 64.7) (3.7, 11.7) (81.6,85.7) (36.1,48.7) (75.0,80.0) (60.6, 75.2) (9.5, 30.2) (0, 0.83)
Tianjin 638 65.2 6.9 724 51.2 77.2 74.6 255 0.52
(59.6, 70.9) (3.3, 10.5) (67.1,77.6) (443,582) (734,81.1) (69.3,79.9) (21.4,29.6) (0, 1.58)
Hebei 2117 68.8 1.0 79.3 60.9 89.3 77.0 27.0 0.08
(63.9, 73.7) (0.4, 1.6) (75.5,83.0) (565, 65.3) (87.2,91.4) (73.7,80.4) (218,32.2) (0, 0.18)
Shanxi 1298 65.3 0.7 81.2 55.3 91.9 81.2 259 0.19
(63.4, 67.1) (0.4, 0.9) (79.5,82.9)  (49.9, 60.7)  (88.8,94.9) (77.9,84.5) (23.3,284)  (0.16, 0.22)
Inner Mongolia 1027 61.8 1.9 79.3 59.1 89.3 66.9 26.1 0.29
(60.5, 63.1) (0.5, 3.3) (70.7, 87.8)  (54.9,63.3) (87.3,91.3) (594, 745) (21.9,30.2) (0, 0.70)
Northeast Liaoning 1004 63.8 10.2 85.1 60.0 84.1 71.9 253 1.10
(53.9, 73.7) (4.0, 16.3) (78.2,91.9) (57.2,62.9) (78.6,89.6) (67.1,76.8) (21.2,29.5) (0, 2.39)
Jilin 986 66.7 1.4 82.9 55.9 90.4 78.3 30.6 0.03
(64.7, 68.7) (0.3, 2.5) (76.1,89.7)  (53.6,58.3) (82.6,98.2) (65.8,90.8) (28.1,33.2) (0, 0.09)
Heilongjiang 1667 64.2 2.2 80.8 57.4 87.5 69.7 26.0 0.71
(61.2, 67.2) (1.3, 3.1) (73.9,87.8) (51.8,63.0) (83.4,915) (63.8,756) (18.8,33.2) (0, 1.57)
East Shanghai 302 75.9 134 71.1 63.1 87.0 79.1 26.7 1.12
(66.1, 85.7) (6.6, 20.2) (58.6, 83.5)  (58.0,68.2) (82.8,91.1) (73.9,843) (212,32.2) (0.62, 1.63)
Jiangsu 1140 73.2 14.2 81.2 58.0 88.5 74.2 26.5 1.77
(68.3, 78.1) (8.1, 20.3) (72.4,90.0) (51.8,64.1) (82.7,943) (69.9, 78.5) (20.3, 32.7) (1.01, 2.53)
Zhejiang 1704 69.1 8.9 74.5 71.4 88.8 73.1 35.2 1.26
(63.9, 74.3) (6.6, 11.1) (70.6, 78.4)  (69.0, 73.8)  (86.7,90.8)  (62.1,84.1)  (29.8,40.6) (0, 2.54)
Anhui 1768 721 5.5 72.2 65.3 91.2 73.0 238 0.65
(703, 73.9) (4.4, 6.7) (662, 782)  (58.8,71.7)  (88.4,94.0) (688, 77.3) (19.9,27.7)  (0.23,1.07)
Fujian 1545 73.8 9.3 82.8 73.6 87.3 56.5 373 1.67
(69.5, 78.2) (5.0, 13.6) (77.1,88.5) (694, 77.7)  (85.5,89.1)  (53.1,59.8)  (25.2,49.3) (0, 3.35)
Jiangxi 1623 70.8 6.6 84.2 74.6 89.1 76.6 304 0.65
(68.6, 72.9) (4.6, 8.7) (81.4,86.9) (70.4,78.7) (85.5,92.7) (72.9,80.3) (242,36.7)  (0.08, 1.22)
Shandong 2274 73.3 6.4 76.0 55.7 90.7 66.6 22 0.63
(69.7, 76.9) (4.0, 8.8) (63.6, 88.3)  (52.2,59.1) (88.5,929) (62.2,709) (17.5, 26.4) (0.14, 1.11)
Central Henan 1351 741 1.0 69.2 52.2 87.4 76.6 25.1 0
(70.3, 77.8) (0, 2.0) (64.1,74.3)  (46.1,58.2)  (82.6,92.1) (73.7,79.5) (18.8, 31.4)
Hubei 1271 64.6 10.2 81.1 723 88.7 80.6 27.2 1.14
(59.3, 69.9) (7.6, 12.9) (763, 85.8)  (66.4, 78.1)  (86.6,90.8) (746, 86.5)  (25.2,29.2)  (0.35, 1.92)
Hunan 2265 62.2 4.5 79.8 73.6 89.3 70.8 31.6 0.29
(59.6, 64.9) (3.3, 5.7) (75.5,84.1) (708, 76.4)  (87.3,91.3) (65.3,76.4) (27.0,36.2)  (0.01, 0.57)
South Guangdong 1643 63.9 10.3 77.9 74.5 83.4 58.3 36.1 1.12
(58.7, 69.0) (5.9, 14.6) (70.7, 85) (69.3,79.7) (77.9,89.0) (55.0,61.6) (32.4,39.7)  (0.48, 1.76)
Guangxi 1940 69.0 71 77.5 76.6 84.0 50.9 29.8 1.09
(63.4, 74.6) (4.3,9.9) (74.5,80.5) (72.1,81.1) (80.3,87.8) (46.4, 554) (25.5, 34.0) (0.77, 1.41)
Hainan 1439 61.8 13.6 84.1 83.7 88.6 56.2 39.7 1.50
(57.9, 65.8) (10.0, 17.2)  (78.4,89.9) (81.6, 85.8) (86.9,90.2) (50.8, 61.5) (38.2, 41.3)  (0.48, 2.52)
Southwest  Chongqing 1323 66.8 6.1 85.5 64.0 85.3 66.3 275 0.84
(64.3, 69.4) (1.2, 11.0) (80.2,90.8) (586, 69.3) (80.3,90.3) (59.3,73.3) (22.7,323) (0, 1.83)
Sichuan 2266 66.4 7.4 79.3 66.7 87.3 72.7 40.1 1.14
(60.3, 72.6) (4.7, 10.1) (71.1,87.6) (619, 71.5)  (81.0,93.6) (66.4, 79) (32.3,47.8)  (0.07,2.21)
Guizhou 1546 65.8 3.6 77.3 74.3 91.6 713 349 0.37
(60.4, 71.2) (1.2, 6.1) (62.9,91.7) (63.0,85.5) (87.7,955) (65.0,77.7) (23.9,459)  (0.05, 0.69)
Yunnan 2189 64.4 4.5 85.4 73.7 94.3 69.7 32.8 0.46
(60.9, 68.0) (2.1, 6.8) (80.5,90.3)  (72.8,747) (923,962) (64.4,750) (29.5, 36.0)  (0.17, 0.74)
Tibet 1565 85.1 0.5 76.2 80.8 90.4 70.6 29.5 0.03
(80.4, 89.9) (0, 1.0) (67.5,84.9) (73.1,88.5) (90.0,90.8) (68.3,73.0) (18.6,40.4) (0, 0.09)
Northwest  Shaanxi 1348 67.2 0.9 86.2 66.7 93.8 81.4 25.2 0
(59.4, 75.0) (0.5, 1.4) (79.4, 92.9) (55.5, 78) (88.9, 98.7) (75.9, 87.0) (20.5, 29.9)
Gansu 1696 66.1 3.0 82.6 65.7 93.1 82.0 28.3 0.12
(64.2, 68.0) (2.2, 3.7) (78.1,87.1)  (615,69.9) (92.1,94.0) (79.7, 842) (26.9,29.7)  (0.07,0.17)
Qinghai 1181 70.3 0.4 84.4 71.2 90.4 823 39.1 0
(62.1, 78.4) (0, 0.7) (80.5,88.2) (67.1,754) (86.4, 94.4) (78.1,86.5)  (29.3, 48.8)
Ningxia 1035 75.9 1.6 82.0 70.4 95.1 86.4 37.7 0.60
(71.8, 80.1) (0.5, 2.8) (74.6, 89.5) (645, 76.4)  (92.3,97.8) (842, 88.6) (29.0,465) (0, 1.53)
Xinjiang 1070 87.7 0.8 74.7 60.1 92.2 82.7 43.0 0.12
(82.7, 92.8) (0, 1.7) (67.4,82.1) (51.3,68.9) (88.8,955) (76.6,88.9) (38.2,47.8) (0, 0.41)
Total 44874  68.5 53 79.9 67.0 88.9 71.8 30.9 0.62
(67.4, 69.6) (4.7, 5.9) (78.6,81.3) (657, 68.3)  (88.1,89.6) (705,732) (296, 32.1)  (0.50, 0.75)

2 Not including China Hong Kong, Macao and Taiwan.
b Redder color means higher value of point estimation for individual ideal metrics, bluer means lower value of point estimation.

¢ Proportion and 95% confidence interval.
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3.5. Between-gender differences

The prevalence of ideal CVH was 0.45% (95% Cl: 0.26%, 0.64%)
among men, and 1.68% (95% Cl: 1.38%, 1.98%) among women. The
distributions of all seven CVH metrics stratified by gender groups
are shown in eTable 3 in the Supplement. Except for ideal healthy
diet (6.9% in women vs. 7.4% in men), women had higher propor-
tions of ideal levels for all CVH items. They had more than double
the proportion of ideal smoking levels than men.

Women had higher mean scores than men for CVH score, HBS,
and HFS [10.88 (95% CI: 10.84, 10.93) vs. 9.58 (95% CI: 9.53, 9,64),
6.12 (95% CI: 6.09, 6.15) vs. 5.03 (95% CI: 4.99, 5.07), 6.72 (95%
Cl: 6.69, 6.75) vs. 5.48 (95% Cl: 5.43, 5.53)]. The spatial patterns
of CVH score, HBS and HFS were quite similar between genders,
although there were some variations in several provinces (eFig. 2
in the Supplement). For example, HBS was lowest for women, but
highest for men, in Tibet. Gender differences in CVH score, HBS,
and HFS were not significantly associated with SDI (eFig. 3 in the
Supplement).

3.6. The relationship between SDI and CVH

We assessed the associations between SDI and CVH score, HBS
and HFS (eFig. 4 in the Supplement). The associations of SDI with
seven individual CVH metrics and overall ideal CVH for the popula-
tion, by urban/rural residents, by men/women are shown in eFigs.
5-9 in the Supplement.

4. Discussion

This study used a large, provincially representative survey of
the adult Chinese population to describe the general profile of
CVH and its spatial patterns in 2015. The overall CVH among Chi-
nese adults in all provinces was extraordinarily poor and there was
substantial variation between provinces. Quantifying CVH status in
the general population and identifying its spatial pattern is impor-
tant for public health knowledge and may improve policy devel-
opment. The difference in CVH between urban and rural residents
appears to be associated with local socio-economic development.
Better CVH was seen in urban areas of provinces with higher SDI,
and in rural areas of provinces with lower SDI. Overall, our find-
ings suggest the importance of geographically targeted strategies
for improving CVH.

Several studies have previously found extremely low prevalence
of ideal CVH in China [16-18,28] and other countries [29-33]. Based
on the 2010 China Noncommunicable Disease Surveillance, one
previous study reported that the estimated percentage of ideal
CVH was as low as 0.2% in the general population of Chinese adults
aged > 20 years [16]. Our estimation (1.13%) was a slight improve-
ment on this figure. This may be partially explained by the on-
going reforms to the primary healthcare system[34], and national
health promotion activities, such as China Healthy Lifestyle for All
[35]. However, considerable work is still needed to improve CVH in
China.

Only a few participants in our study had an ideal diet. This
was consistent with the findings of most previous studies from
China and other countries [7,13,16,30,31]. The positive association
between socio-economic development and the prevalence of ideal
diet was consistent with several other studies at individual level
[36-38]. It suggests that there has been increasing demand for
a healthier diet linked to rapid economic development in recent
decades. Another important finding is that just 31.2% of Chinese
adults had an ideal blood pressure level of below 120/80 mm
Hg. Uncontrolled blood pressure is the most important risk factor
among the CVH metrics, accounting for 33.0-47.2% of atheroscle-
rotic CVD events in China [39]. Our findings further emphasized
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the importance of promoting good dietary habits and preventing
high blood pressure in improving overall CVH status and then re-
ducing the CVD burden in China.

Our study found large geographical variations in ideal CVH, CVH
score, HBS, and HFS. The lowest CVH score, HBS, and HFS were
in northern China. Although only roughly dividing China into the
north and south, Bi et al. [16] also reported that the overall lev-
els of ideal CVH were worse in northern China. We found that in
the west, the scores for health factors were better, but the HBS
was lower. Better health behaviors but moderate levels of health
factors were observed in the south and east of China. It is gen-
erally agreed that health behaviors strongly influence healthy fac-
tors, including blood pressure, fasting glucose, and total choles-
terol, even before the preclinical phase (suboptimal health). Pro-
motion on healthy behaviors owns much merits, in the perspective
of primordial prevention. These health behaviors will result in bet-
ter scores for health factors in these regions in future. Information
and knowledge about behaviors associated with CVD prevention is
not evenly distributed across different areas in China [35,40], and
this probably contributed to the current levels of health behaviors.
Our findings suggest that the burden of CVD in specific districts
could be partly addressed by regional-level approaches.

In most provinces, the prevalence of ideal CVH and CVH scores
was higher in urban than rural areas. Individuals in rural areas
tended to have non-ideal CVH, probably because of higher levels
of unhealthy lifestyles in rural residents [41,42]. Compared with
previous data from 2010 [16], the rate of ideal CVH had increased
among both urban and rural residents, but the gap between the
two seemed to be widening. Our study further showed that dif-
ferences between urban and rural areas in CVH score and HBS
were associated with socio-economic development, with higher
CVH score among urban residents in more developed provinces. In
developed areas, there may be greater disparities in the propor-
tion of higher incomes and education levels between urban and
rural residents, both of which affect CVH [38,43,44]. This suggests
that there will be a gradual transition over time in provinces with
lower socio-economic status, as the economy improves, and CVH
score in urban areas will eventually overtake that in rural areas.
Our study also suggested that the difference in CVH score were
mostly attributed to variations in health behaviors between urban
and rural areas. This may mean that this could be addressed by
timely and targeted implementation of public policies, especially
behavioral interventions among rural residents of developing areas.

Our study has several strengths. First, the survey was designed
to achieve both national and provincial representativeness under a
unified and rigorous sampling scheme, which assured validity of
the results. This study has made the first attempt to our knowl-
edge to assess the spatial pattern of CVH at provincial level. A large
sample size, standardized survey tools, training and field imple-
mentation were all designed to improve the reliability of the analy-
sis. The definition of urban and rural areas was based on the finest
microscale at village/community level, which helped capture the
true differences between the two. The ideal metrics were also in
line with AHA’s ideal CVH criteria, which could facilitate the com-
parison of our findings with other studies. However, our study also
had several limitations. Individual history of cardiovascular disease
was based on self-reports, and our study might therefore have un-
derestimated the proportion of individuals with a history of car-
diovascular disease. This would have resulted in an imprecise es-
timation of the proportion of ideal CVH in Chinese adults. The in-
formation of smoking and diet was collected by questionnaire. But
compared to three-day dietary recall survey, quantitative food fre-
quency questionnaire was used to provide more precise and ac-
curate estimates of long-term food intake behavior without being
affected by survey season or temporary changes in food composi-
tion. Also, considering unaffordable cost of accelerometer in such
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a large survey, we only relied on self-reports to measure physical
activity. Moreover, the effect of ideal CVH on healthy outcome, es-
pecially the occurrence of preclinical phase, was not evaluated in
this study, which might be further assessed in future studies.

5. Conclusion

Our study indicates that the prevalence of ideal CVH among
Chinese adults is extremely low, especially healthy diet and blood
pressure. There are also substantial spatial variations across differ-
ent areas of the country. Both comprehensive and localized health
strategies and measurements will be needed to improve the CVH
status across the country, and narrow geographical inequities, be-
fore it will be possible to reduce the prevalence of CVD in China.
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