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Abstract 

Background: Systematic investigation and analysis of cardiovascular health status (CVHS) of Chinese women is rare. 
This study aimed to assess CVHS and atherosclerotic cardiovascular disease (ASCVD) burden in the Chinese women 
physicians (CWP) and community‑based non‑physician cohort (NPC).

Methods: In this prospective, multicenter, observational study, CVHS using the American Heart Association (AHA) 
defined 7 metrics (such as smoking and fasting glucose) and ASCVD risk factors including hypertension, hyperlipi‑
demia and type‑2 diabetes were evaluated in CWP compared with NPC.

Results: Of 5832 CWP with a mean age of 44 ± 7 years, only 1.2% achieved the ideal CVHS and 90.1% showed at least 
1 of the 7 AHA CVHS metrics at a poor level. Total CVHS score was significantly decreased and ASCVD risk burden was 
increased in postmenopausal subjects in CWP although ideal CVHS was not significantly influenced by menopause. 
Compared to 2596 NPC, fewer CWP had ≥ 2 risk factors (8% vs. 27%, P < 0.001); CWP scored significantly higher on 
healthy factors, a composite of total cholesterol, blood pressure, fasting glucose (P < 0.001), but, poorly on healthy 
behaviors (P < 0.001), specifically in the physical activity component; CWP also showed significantly higher levels of 
awareness and rates of treatment for hypertension and hyperlipidemia, but, not for type‑2 diabetes.

Conclusion: Chinese women’s cardiovascular health is far from ideal and risk intervention is sub‑optimal. Women 
physicians had lower ASCVD burden, scored higher in healthy factors, but, took part in less physical activity than the 
non‑physician cohort. These results call for population‑specific early and improved risk intervention.
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Background
Atherosclerotic cardiovascular disease (ASCVD) 
remains the leading cause of mortality worldwide and 
affects 6.6 million US women annually [1, 2]. However, 

a recent report showed that nearly 45% of women in the 
United States were unaware that ASCVD is the lead-
ing cause of death, and only 52% considered themselves 
at risk of myocardial infarction (MI) although most of 
them had ≥ 3 risk factors [3]. The awareness of ASCVD 
risk factors in Chinese women, where the ASCVD has 
substantially increased in recent years [4, 5], remains 
unknown.

To address the urgent need for primordial prevention 
of cardiovascular disease (CVD), the American Heart 
Association (AHA) proposed 7 health metrics, also 
referred to as Life’s Simple 7, including 4 health behaviors 
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(smoking, body mass index (BMI), physical activity, 
and healthy diet) and 3 health factors (total cholesterol 
(TC), blood pressure (BP), and fasting blood glucose 
(FBG)) [6]. Three stages for each metric were created to 
reflect “ideal,” “intermediate,” and “poor” cardiovascu-
lar health status (CVHS) [6]. A number of studies [7–9] 
have evaluated CVHS and its association with ASCVD 
and a recent meta-analysis of 9 prospective cohort stud-
ies involving 12,878 participants reported that achieving 
the most ideal cardiovascular health metrics was asso-
ciated with lower risk of all-cause mortality (RR = 0.55; 
95% CI: 0.37–0.80), cardiovascular mortality (RR = 0.25; 
95% CI: 0.10–0.63), CVD (RR = 0.20; 95% CI: 0.11–0.37), 
and stroke (RR = 0.31; 95% CI: 0.25–0.38) [10]. However, 
CVHS has not been evaluated in Chinese women, espe-
cially in Chinese women physicians (CWP).

With the aim for systematic investigation and analysis 
of cardiovascular health status of Chinese women doc-
tors, we designed a prospective cohort study of CWP 
for ASCVD risk assessment and for implementation of 
effective risk reduction strategies to improve CVHS. In 
the current report, CVHS and ASCVD risk burden, par-
ticularly the modifiable risk factors, in CWP were evalu-
ated compared to a community-based non-physician 
cohort (NPC). The levels of awareness for the modifiable 
ASCVD risk factors (hypertension, hyperlipidemia and 
type-2 diabetes (T2D)) and proportion of taking inter-
ventional actions in CWP and NPC were analyzed. This 
study may improve CWP’s attention to CVD, understand 
their own cardiovascular health status, and provide a 
basis for understanding Chinese women’s CVD risk fac-
tors, incidence trends, and formulating prevention and 
treatment recommendations.

Methods
Study population
The CWP cohort study was a prospective, multicenter, 
observational study aimed to investigate the current 
CVHS and ASCVD risk factors among women physi-
cians. The sample size of the study was initially estimated 
as 5740 subjects using Epi Infor Software based on the 
incidence of major cardiovascular events (about 1.5%) 
in a 4-year follow-up period in China [11]. Between 
January 2015 and June 2017, a total of 9661 subjects 
aged ≥ 35  years were recruited with a cluster sampling 
method across 52 study centers of 21 provinces in China 
(Additional file 1). An online standardized questionnaire 
specifically designed for this study was used (Additional 
file 2). Those 997 subjects who did not answer the ques-
tionnaire and 2639 subjects who provided the question-
naires with insufficient data were considered to decline 
research participation and had to be excluded. We 
received questionnaires with complete data response 

from 6025 subjects, which correspond to a participa-
tion rate of 62.4%. The inclusion criteria were: (1) physi-
cians at the study centers; (2) ≥ 35  years old; (3) free of 
prior ASCVD, cancer and other major illness. Of the 
6025 enrolled, 5832 subjects were confirmed to be free 
of ASCVD and other major diseases and included in the 
present report (Fig. 1). The study protocol was approved 
by the Ethics Committee of the Chinese General PLA 
Hospital and was in accordance with standards set forth 
by the Declaration of Helsinki. All participants provided 
their written informed consent before officially entering 
in the study.

To better understand the levels of ASCVD risk in CWP 
who have the best knowledge on CVHS relative to other 
population, a community-based NPC was selected from 
PERSUADE study [12], which is an on-going prospective 
cohort study in which 9078 participants were recruited 
from the local community hospitals geographically 
located in Tangshan City in northern China between Jan-
uary 2013 and January 2015. The inclusion criteria were: 
(1) women aged ≥ 35  years old; (2) providing informed 
consent; (3) free of prior ASCVD, cancer and other major 
diseases. The subjects who meet the inclusion criteria 
were eligible for this study. Finally, 2596 non-physician 
women were included in the present study (Fig. 1).

Clinical and laboratory data collection
Participants’ demographic information, behavior char-
acteristics (including diet, exercise, smoking status and 
alcohol consumption), medical history and current medi-
cations, and family history of ASCVD were collected 
by trained interviewers using a web-based standardized 
questionnaire specifically designed for this study. Body 
weight, height and blood pressure were obtained using 
the most recent annual physical examination records at 
each site. Laboratory measurements of lipids, FBG or gly-
cated hemoglobin (HbA1C) were also obtained from rou-
tine annual physical examination lab reports.

Definitions of ASCVD risk
Hypertension was defined as having any of the follow-
ing 3 criteria: (1) either systolic BP (SBP) ≥ 140 mmHg or 
diastolic BP (DBP) ≥ 90  mmHg; (2) use of hypertension 
medication; (3) established diagnosis of hypertension by 
physicians.

T2D was defined as meeting any of the following 
4 conditions: (1) FBG ≥ 7  mmol/L (126  mg/dL); (2) 
HbA1C ≥ 6.5%; (3) use of diabetes medication(s); (4) 
established diagnosis of T2D by physicians.

Hyperlipidemia was defined as having any of the fol-
lowing 3 measurements or 2 clinical conditions: (1) 
TC ≥ 5.2 mmol/L (≥ 200 mg/dL), (2) low-density lipopro-
tein cholesterol (LDL-C) ≥ 4.1  mmol/L (≥ 160  mg/dL), 
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(3) triglycerides (TG) ≥ 1.7  mmol/L (≥ 150  mg/dL), (4) 
history of hyperlipidemia with established diagnosis by 
physicians; or (5) taking any lipid-lowering medication(s). 
The abnormal stratified standards of blood lipids for the 
primary prevention population of ASCVD were deter-
mined based on the 2016 Chinese guideline for the man-
agement of dyslipidemia in adults [13].

Cardiovascular health status (CVHS) and score
CVHS was evaluated using the AHA 7 metrics including 
smoking, BMI, physical activity, healthy diet, TC, BP, and 
FBG [6]. CVHS was further classified into 3 categories: 
ideal, intermediate and poor.

Ideal CVHS required all 7 metrics at ideal condi-
tions: (1) never smoked or stopped smoking for at least 
12  months. (2) BMI < 24  kg/m2 for Chinese. (3) vig-
orous physical activity ≥ 75  min a week or moderate 
physical activity ≥ 150  min a week, or combination of 
both ≥ 150 min a week. Sodium and cereals intake could 
not be evaluated accurately due to a lack of such data col-
lected. The ideal diet was modified in our study which 
included: (a) vegetables and fresh fruits ≥ 4.5 servings per 
day, (b) fish ≥ 3.5 oz servings per week, (c) sugar sweet-
ened beverage consumed ≤ 450 kcal (36 oz or 4 glasses) 
per week, (d) meat consumed none or ≤ 2 servings 
per week. (5) untreated TC < 5.20  mmol/L (< 200  mg/
dL). (6) untreated BP < 120/80  mmHg. (7) untreated 
FBG < 5.6 mmol/L (< 100 mg/dL).

Intermediate CVHS was defined as presence of any one 
of the 7 metrics at intermediate score and no others at 
poor. The criteria of intermediate CVHS included: (1) 
former smokers who quit less than 12  months. (2) BMI 
24–27.9  kg/m2. (3) vigorous physical activity 1–74  min 
a week or moderate physical activity 1–149 min a week, 
or combination of both 1–149 min a week. (4) 2–3 ideal 
diet components. (5) TC 5.2–6.2 mmol/L (200–239 mg/
dL) or treated to goal. (6) SBP 120–139  mmHg or DBP 
80–89 mmHg or treated to goal. (7) FBG 5.6–7.0 mmol/L 
(100–125 mg/dL) or treated to goal.

Poor CVHS was defined as any of these metrics at 
poor levels, which included: (1) current smokers, (2) 
BMI ≥ 28  kg/m2, (3) no physical activity, (4) 0–1 diet 
components, (5) TC ≥ 6.20  mmol/L (≥ 240  mg/dL), (6) 
SBP ≥ 140 or DBP ≥ 90 mmHg, and (7) FBG ≥ 7 mmol/L 
(≥ 126 mg/dL).

In addition, a total score ranging from 0 to 14 was cal-
culated as the sum of each individual component of the 
AHA 7 metrics (poor = 0 point, intermediate = 1 point, 
and ideal = 2 points) [14]. CVHS was evaluated using 6 
available metrics in the community-based NPC because 
dietary information was not collected.

Statistical analysis
Continuous variables are described as mean ± SD and 
compared using two-sample t-tests. Categorical vari-
ables are expressed as percentages and compared using 

Fig. 1 Flow chart of the study population selection
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 x2 tests. A two-sided P < 0.05 was considered statistically 
significant. All statistical analyses were performed using 
SPSS 19.0 statistical software.

Results
Baseline characteristics in CWP and NPC
Figure  1 and Table  1 shows the characteristics of the 
2 cohorts. Compared with NPC, CWP group were 
younger, with fewer smokers, lower prevalence of hyper-
tension and T2D. However, hyperlipidemia was more 
prevalent in CWP than NPC. The percentage of CWP 
who developed ≥ 2 risk factors was lower than NPC. 
CWP also had lower BMI, TC and FBG, while TG and 
LDL-C in the CWP group and NPC group were not sta-
tistically different.

There were fewer post-menopausal subjects (14% vs 
40%,P< 0.001); however, higher prevalence of the hor-
mone replacement therapy (1.3% vs 0.5%,P< 0.001) in 
CWP than in NPC.

Cardiovascular health status and score
Among 5832 CWP, only 71 (1.2%) participants had all 7 
metrics at the ideal level, 502 (8.6%) at the intermediate 
level, while most subjects (90.1%) had at least one met-
ric at the poor level. Each CVHS metric was compared 
separately between the 2 cohorts except for the diet 
(Table  2). In terms of the 4 healthy behaviors, smoking 
was low overall, but there were more current smokers in 

NPC than in CWP (2% vs. 0.9%,P< 0.001). Ideal BMI was 
present in 72% of CWP and 56% of NPC (P < 0.001). Ideal 
physical activity was seen significantly less frequent in 
CWP than in NPC (10% vs. 58%,P< 0.001). Furthermore, 
84% of the physicians didn’t have any moderate or vigor-
ous activity at all. Only 26% of CWP met the ideal diet 
definition.

As shown in Table  2, among the healthy factors, 
the prevalence of ideal BP and TC were higher in 
CWP compared to NPC (59% vs. 38%, 78% vs. 68%, 
separately,P< 0.001), and ideal FBG was same between 
the 2 cohorts (P = 0.84). CWP had a lower total score 
without diet information than NPC (9.0 ± 1.4 vs. 
9.2 ± 1.9, P 0.001). As for healthy factors, CWP did bet-
ter than NPC (5.1 ± 1.0 vs. 4.6 ± 1.1, P < 0.001); however, 
for healthy behaviors, CWP performed worse than NPC 
(P < 0.001), which was primarily due to poor physical 
activity (84% vs. 35%, P < 0.001).

Influence of menopause on risk burden and CVHS in CWP
Overall, 838 (14%) subjects reported being post-men-
opause, 833 (14%) subjects were going through meno-
pause, and 4161 (72%) subjects were pre-menopause. 
As shown in Table  3, the risk factors presented a step-
wise increasing trend from pre-menopause to meno-
pause and to post-menopause: BMI (22 ± 2.7 vs. 23 ± 2.7 
vs. 23 ± 2.8  kg/m2,  P< 0.001), TC (4.3 ± 1.0 vs. 4.4 ± 1.1 
vs. 4.9 ± 1.2  mmol/L, P < 0.001), LDL-C (2.5 ± 0.8 vs. 
2.6 ± 0.9 vs. 2.8 ± 0.9, mmol/L,  P < 0.001), TG (1.4 ± 0.9 
vs. 1.5 ± 1.1 vs. 1.6 ± 1.0  mmol/L,  P < 0.001), and FBG 
(5.1 ± 1.0 vs. 5.2 ± 1.0 vs. 5.3 ± 1.2  mmol/L,  P< 0.001). 
Similar trends were seen in the risk burden (hyperten-
sion, hyperlipidemia, T2D, and number of subjects 
with ≥ 2 risk factors) from pre-menopause to menopause 
and to post-menopause. CVHS total score showed a sig-
nificant stepwise decrease from pre-menopause to post-
menopause (P < 0.001). However, CVHS distribution of 
ideal, intermediate and poor was not significantly differ-
ent among the 3 menopause groups (P = 0.66). The ideal 
diet was significantly more frequent in post-menopausal 
subjects (24% vs. 25% vs. 33%, P< 0.001).

Level of awareness and rate of treatment for modifiable 
risk factors
Figure 2 presents the level of awareness and rate of inter-
vention for hypertension, hyperlipidemia and T2D in 
CWP and NPC. As shown in Fig. 2a, CWP group showed 
a significant higher level of awareness for hypertension 
and hyperlipidemia than NPC (89% vs. 50%, P< 0.001 and 
35% vs. 24%, P< 0.001), but, a lower level for T2D (51% vs. 
67%, P< 0.001). Among subjects who were aware of these 
3 modifiable conditions, treatment rates for hyperten-
sion and hyperlipidemia were higher in CWP than that 

Table 1 Baseline characteristics between CWP and NPC

BMI: body mass index; TC: total cholesterol; LDL-C: Low-density lipoprotein 
cholesterol; HDL-C: High-density lipoprotein cholesterol; TG: Triglycerides; FBG: 
Fasting blood glucose. aRisk factors include: BMI ≥ 28 kg/m2, current smoking, 
hypertension, hyperlipidemia and type-2 diabetes

Basic characteristics CWP (n = 5832) NPC (n = 2596) P value

Age, mean (SD), y 44 (7) 50 (10)  < 0.001

 < 45, No. (%) 3417 (59) 915 (35)  < 0.001

 45–54, No. (%) 1943 (33) 803 (30)  < 0.001

 > 55, No. (%) 472 (8) 927 (35)  < 0.001

Post‑menopause, No. (%) 838 (14) 1059 (40)  < 0.001

Hormone use, No. (%) 77(1.3) 12 (0.5)  < 0.001

BMI, mean (SD), kg/m2 22 (2.7) 24 (3.5)  < 0.001

Current smokers, No. (%) 54 (0.9) 52 (2)  < 0.001

Hypertension, No. (%) 373 (6) 819 (32)  < 0.001

Hyperlipidemia, No. (%) 2615 (45) 1060 (41)  < 0.001

Type‑2 diabetes, No. (%) 170 (3) 194 (8)  < 0.001

 ≥ 2 risk  factorsa, No. (%) 459 (8) 702 (27)  < 0.001

TC, mean (SD), mmol/L 4.5 (1.1) 4.7 (0.9)  < 0.001

LDL‑C, mean (SD), mmol/L 2.6 (0.8) 2.6 (0.6) 0.87

HDL‑C, mean (SD), mmol/L 1.4 (0.5) 1.3 (0.3)  < 0.001

TG, mean (SD), mmol/L 1.4 (0.9) 1.4 (1.1) 0.34

FBG, mean (SD), mmol/L 5.1 (1.1) 5.3 (1.1)  < 0.001
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in NPC (86% vs. 80%, P= 0.02 and 27% vs. 17%, P< 0.001), 
but, not significantly different for T2D between the 2 
cohorts (74% vs. 82%, P= 0.2) (Fig. 2b).

Discussion
China is experiencing a substantial and rapid increase in 
ASCVD [4, 5]. Our study evaluated and compared CVHS 
and ASCVD risk burden in 2 populations of Chinese 
women, who were free from clinical ASCVD. We found 
that: (1) only 1.2% of CWP achieved the ideal CVHS and 
90% showed at least 1 of the 7 AHA CVHS metrics at a 
poor level; (2) CVHS total score significantly decreased 

and ASCVD risk burden significantly increased in post-
menopausal women although the ideal CVHS was not 
significantly influenced by menopause; (3) Compared 
with NPC, few CWP had ≥ 2 risk factors, and CWP 
scored significantly higher on healthy factors, a com-
posite of TC, BP, and FBG, however, poorly on healthy 
behaviors, specifically in physical activity; (4) CWP also 
showed significantly higher levels of awareness and rates 
of treatment for hypertension and hyperlipidemia than 
NPC, but, not for T2D.

The extremely low ideal CVHS (1%) and high poor 
CVHS (90%) among CWP with a mean age of 44 years 

Table 2 Distribution of individual Cardiovascular Health Metrics in CWP and NPC

SBP: systolic blood pressure; DBP: diastolic blood pressure
a Healthy Diet Score components: (1) vegetables and fresh fruits ≥ 4.5 servings per day; (2) fish ≥ 3.5 oz servings per week; (3) sugar sweetened beverage 
consumed ≤ 450 kcal (36 oz or 4 glasses) per week; (4) meat consumed none or ≤ 2 servings per week
b Healthy factors: total cholesterol, blood pressure, fasting glucose
c Healthy behaviors: smoking, body mass index, physical activity

Health metrics CWP, No. (%) (n = 5832) NPC, No. (%) (n = 2596) P value

Smoking

 Ideal (never or quit > 12 months) 5778 (99.1) 2544 (98)  < 0.001

 Intermediate (former ≤ 12 months) 0 0

 Poor (current smoking) 54 (0.9) 52 (2)

Body Mass Index (kg/m2)

 Ideal (≤ 24) 4219 (72) 1452 (56)  < 0.001

 Intermediate (24–27.9) 1363 (24) 807 (31)

 Poor (≥ 28) 250 (4) 337 (13)

Physical activity

 Ideal 598 (10) 1499 (58)  < 0.001

 Intermediate 329 (6) 195 (7)

 Poor 4905 (84) 902 (35)

Healthy  dieta

 Ideal (4 components) 1504 (26) NA NA

 Intermediate (2–3 components) 2613 (45) NA

 Poor (0–1 components) 1715 (29) NA

Total cholesterol (mg/dl)

 Ideal (< 200 without medication) 4552 (78) 1768 (68)  < 0.001

 Intermediate (200–239 or treated to < 200) 1021 (18) 646 (25)

 Poor (≥ 240) 259 (4) 182 (7)

Blood pressure (mmHg)

 Ideal (< 120/80, without medication) 3424 (59) 981 (38)  < 0.001

 Intermediate (SBP 120–139 or DBP 80–89 or treated to < 120/80) 2299 (39) 1255 (48)

 Poor (sbp ≥ 140 or DBP ≥ 90) 109 (2) 362 (14)

Fasting glucose (mg/dl)

 Ideal (< 100 without medication) 4585 (79) 2036 (78)  < 0.001

 Intermediate (100–125 or treated to < 100) 1121 (19) 435 (17)

 Poor (≥ 126) 126 (2) 125 (5)

Total score of six items (diet excluded), mean ± SD 9.0 ± 1.4 9.2 ± 1.9  < 0.001

Total score of healthy  factorsb, mean ± SD 5.1 ± 1.0 4.6 ± 1.1  < 0.001

Total score of healthy  behaviorsc, mean ± SD 3.9 ± 0.9 4.6 ± 1.2  < 0.001



Page 6 of 9Han et al. BMC Cardiovasc Disord          (2020) 20:497 

seen in our study are very alarming, although our 
observed ideal CVHS is somewhat better than that 
reported in previous studies [15, 16]. The younger age, 
medical education and health care profession in CWP 
may explain the differences regarding the number of 
subjects with ≥ 2 risk factors and CVHS healthy factor 
score between CWP and NPC. The results of our study 
complement previous findings from different popula-
tions [11, 17, 18].

It is established that healthy behaviors including non-
smoking, healthy weight, diet and physical activity in 
CVHS are associated with lower risk of ASCVD [15, 
16, 19, 20]. We found 84% of CWP with poor physical 
activity in our study, reporting no vigorous or moder-
ate physical activity per week. This rate is several folds 
higher than the general populations in Europe (7–38%) 
and in the US (24% in 2005) [21, 22]. A heavy load of 
clinical work and physically inactive nature of the med-
ical profession certainly add challenges for physicians 
to reach an ideal level of physical activity [23] By con-
trast, NPC in our study were more likely to be labor-
ers as a profession which led to a lower rate (35%) of 
NPC with poor physical activity. Obviously, the differ-
ence between the 2 cohorts was due to professions not 
exercise. Nevertheless, physical inactivity among health 
care providers needs to be addressed for improved 
CVHS.

Table 3 CHS by menopause

CVHS: cardiovascular health status; BMI: body mass index; TC: total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein 
cholesterol; TG: Triglycerides; FBG: Fasting blood glucose

Pre-menopause (n = 4161) Menopause (n = 833) Post-menopause (n = 838) P value

Age, mean (SD), y 42 (5.0) 45 (6.1) 55 (6.6) 0.001

Hypertension, No. (%) 174 (4) 68 (8) 131 (16) 0.001

Hyperlipidemia, No. (%) 1732 (42) 391 (47) 492 (59)  < 0.001

Type‑2 Diabetes, No. (%) 97 (2) 24 (3) 49 (6) 0.001

Current smoker, No. (%) 26 (0.6) 15 (1.8) 13 (1.6) 0.001

 ≥ 2 risk factors, No. (%) 292 (7) 79 (10) 88 (11) 0.001

CVHS, No. (%)

 Ideal 51 (1.2) 10 (1.2) 10 (1.2) 0.66

 Intermediate 355 (8.5) 82 (9.8) 65 (7.8)

 Poor 3755 (90.2) 741 (89) 763 (91)

Total score, mean (SD) 10.1 (1.5) 9.8 (1.6) 9.4 (1.7)  < 0.001

Ideal Diet, No. (%) 1020 (24) 205 (25) 279 (33)  < 0.001

Ideal physical activity, No. (%) 415 (10) 100 (12) 83 (10) 0.15

BMI, mean (SD), kg/m2 22 (2.7) 23 (2.7) 23 (2.8) 0.001

TC, mean (SD), mmol/L 4.3 (1.0) 4.4 (1.1) 4.9 (1.2) 0.001

TG, mean (SD), mmol/L 1.4 (0.9) 1.5 (1.0) 1.6 (1.0) 0.001

LDL‑C, mean (SD), mmol/L 2.5 (0.8) 2.6 (0.9) 2.8 (0.9) 0.001

HDL‑C, mean (SD), mmol/L 1.4 (0.5) 1.5 (0.5) 1.4 (0.5) 0.04

FBG, mean (SD), mmol/L 5.1 (1.0) 5.16 (1.0) 5.3 (1.2) 0.001

Fig. 2 Awareness and treatment rates for three modifiable risk 
factors. Panel 2A describes levels of awareness. Panel 2B presents the 
rates of treatment for each of risk conditions. *P < 0.05, **P < 0.001
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Hyperlipidemia was significantly more frequent in 
CWP than NPC. It is worth noting that the average level 
of LDL-C, 2.6 mmol/L (100 mg/dL), in our study is con-
sidered relatively normal for this population without 
clinical ASCVD based on current understanding. How-
ever, it is debatable whether this level of LDL-C is ideal. 
It has been reported that normal LDL-C levels were 
associated with subclinical atherosclerosis in absence 
of ASCVD risk factors [24]. Recently, Ference et al. [25] 
have suggested that plaque burden was accumulating 
from early age in life even with a normal LDL-C level and 
that ASCVD events begin to occur when LDL-C expo-
sure threshold (Age × LDL-C mmol/L) moves beyond 
129 mmol-years. To put this concept in contact with our 
data, mean age of 44  years and current average LDL-C 
level of 2.6  mmol/L in CWP; the current LDL-C expo-
sure threshold is 113.5  mmol-years and will be higher 
than 129 mmol-years when CWP cohort reaches age of 
50 years.

However, if the LDL-C level had been maintained at 
1.8  mmol/L or lower (≤ 70  mg/dL), LDL-C exposure 
threshold would be 79.2  mmol-years now and would 
not go beyond 129 mmol-years until the cohort reaches 
an age of 71  years. Furthermore, previous intravascular 
imaging studies showed that coronary plaques may only 
stop progressing with the LDL-C level at ≤ 70 mg/dL [26, 
27]. These data together strongly support a lower LDL-C 
level at a younger age.

For primary prevention of overall cardiovascular dis-
ease, AHA introduced “Life’s Simple 7”, which has been 
used as an effective tool for the promotion of cardio-
vascular disease prevention by previous studies [28, 29]. 
AHA definition of ideal TC is an untreated TC level less 
than 5.2  mmol/L (200  mg/dL) [6]. When more strin-
gent guidelines were applied, goals of TC were even 
lower. The most recent consensus guidelines from the 
ESC/EAS established more stringent goals of ideal 
TC ≤ 4  mmol/L (≤ 155  mg/dl) [30]. Consistent with 
the 2016 Chinese guideline for the management of dys-
lipidemia [13] and AHA definition of ideal TC [6], our 
study set TC ≥ 5.2 mmol/L as one of the criteria signs for 
hyperlipidemia.

Another way to understand the future ASCVD risk in 
these 2 given populations is to project lifetime risk using 
the number of risk factors. Based on a published risk 
model in Chinese women [31], 8% and 12% cumulative 
ASCVD events over the next 10 years will be expected in 
CWP and NPC with ≥ 2 risk factors in our study.

Above and beyond aging, menopause plays an impor-
tant role in increasing ASCVD risk in women [32, 33]. 
As shown in our study, CVHS total score decreased 
and ASCVD burden increased significantly during and 

post menopause. The ideal CVHS was not significantly 
influenced by menopause, because postmenopausal 
individuals were more conscious of healthy behav-
iors with better diet and maintained physical activity. 
A recent study has demonstrated that healthy lifestyle 
during menopause and midlife was associated with less 
subclinical atherosclerosis in women [34]. In addition, 
studies suggested that the follicle-stimulating hor-
mone (FSH) rather than the estrogen may influence the 
10-year ASCVD risk in post-menopausal women [35, 
36].

It was estimated that promoting the overall popu-
lation CVHS to ideal level will reduce deaths from 
ASCVD by 30% between 2010 and 2020 [37]. Our study 
showed that CWP had higher level of awareness and 
rate of treatment for hypertension than NPC and the 
general population [38]. The level of awareness for T2D 
was also higher in our study than the general popula-
tion [39]. The low level of awareness and even lower 
rate of treatment for hyperlipidemia were consistent 
with those seen in the general population in China [40]. 
Moreover, in PERCRO-DOC survey [41], research-
ers found that the knowledge of current guidelines of 
physicians is not satisfactory and only 53.3% knew 
the LDL-cholesterol goal value for high-risk patients, 
which also reflects that physicians themselves may 
be not aware of the lipid profile of themselves at risk. 
Similarly, the awareness of CVD in public is insufficient 
in PERCO survey [42] in which only 43.3% knew their 
TC value, 30.9% knew what their target TC should be, 
and 53.2% of the general public have never discussed 
any CVD risk factor with their physicians. These results 
demonstrated the unmet need for ASCVD risk inter-
vention and improved promotion of CVD prevention is 
warranted.

A major limitation of the present study is that the diet 
information was not collected in NPC, which made it 
impossible to fully evaluate the CVHS for NPC and to 
compare the health behavior between CWP and NPC. 
Nevertheless, our study has identified the similarities 
and differences in CVHS and ASCVD risk awareness 
and management. These findings will help to improve 
the precision of CVHS. Second, selection bias exists 
in our study such as the geographical restriction of the 
control cohort. Findings may not be generalizable to 
populations from different socio-geographic regions. 
In addition, cardiovascular metrics were obtained only 
at baseline, and changes over time were not accounted 
for in this study. The CWP cohort study is on-going 
and will evaluate ASCVD risk intervention and major 
events in its follow-up phase to address the impor-
tance of implementation of actions from the risk data 
to interventions.
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Conclusions
The cardiovascular health status is far from ideal among 
Chinese women. Women physicians had lower ASCVD 
burden, scored higher in healthy factors, but, did poorly 
in physical activity than the non-physician cohort. 
The overall ASCVD risk intervention was sub-optimal 
although women physicians showed higher level of 
awareness and rates of treatment for hypertension and 
hyperlipidemia. These results call for necessary popula-
tion-specific early and improved risk intervention.
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