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Ideal Cardiovascular Health Metric 
and Its Change With Lifetime Risk of 
Cardiovascular Diseases: A Prospective 
Cohort Study
Lulin Wang, PhD; Lulu Song , PhD; Dankang Li, PhD; Ziyi Zhou, PhD; Shuohua Chen , MS;  
Yingping Yang, MS; Yonghua Hu, PhD; Youjie Wang, PhD; Shouling Wu , PhD; Yaohua Tian , PhD

BACKGROUND: Cardiovascular health (CVH) status is associated with cardiovascular diseases (CVD). However, evidence for 
association of CVH change with risk of CVD is scarce.

METHODS AND RESULTS: Seven metrics (smoking status, body mass index, physical activity, diet, total cholesterol, blood pres-
sure, and fasting blood glucose) were used to evaluate the CVH status. Having 0 to 2, 3 to 4, and 5 to 7 ideal cardiovascular 
metrics were categorized as low, moderate, and high CVH status, respectively. Change in CVH status was assessed from 
2006/2007 to 2010/2011. We calculated lifetime risk of CVD using a modified Kaplan–Meier method, and life expectancy was 
evaluated via the multistate lifetable method. There were 82 349 participants included in our analysis. At 35 years index age, 
the age-adjusted incident rate and lifetime risk of CVD were increased with decreasing number of ideal CVH metrics. The 
direction of change in status of CVH was consistently associated with age-adjusted incident rate and lifetime risk of CVD. At 
35 years index age, improvement from low to moderate (37.6% [95% CI, 32.8%–42.4%]) or to high status (24.4% [95% CI, 
12.7%–36.0%]) had lower lifetime risk of CVD compared with consistently low status (44.6% [95% CI, 40.8%–48.5%]). The 
improvement in CVH could prolong the years of life free from CVD. The pattern of incident rate and lifetime risk across change 
in CVH status was similar at 45 and 55 years index age.

CONCLUSIONS: Higher number of CVH metrics was associated with lower lifetime risk of CVD. The improvement of CVH status 
could reduce the lifetime risk of CVD and prolonged the year of life free from CVD.
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Although cardiovascular disease (CVD) outcomes 
have been substantially improved in past de-
cades, CVD remains the largest single contrib-

utor to global morbidity and mortality.1,2 China had the 
highest number of CVD deaths, which was far higher 
than any other countries.2 In 2010, the American Heart 
Association made recommendations for cardiovascu-
lar health (CVH) promotion and disease reduction by 
monitoring and preventing the development of risk 

factors before they emerge.3 There were 7 metrics 
determined to monitor the CVH, which consisted of 
4 health behaviors (smoking status, body mass index 
[BMI], physical activity, and diet) and 3 health fac-
tors (blood pressure, fasting blood glucose, and total 
cholesterol).3

Numerous studies have investigated the benefit of 
ideal CVH metrics on CVD worldwide. Results showed 
that people with higher number of ideal CVH metrics 
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have lower risk of CVD and CVD-related mortality.4–6 
Considering the dynamic nature of CVH status, a hand-
ful of studies have assessed the change in CVH status 
and its association with risk of CVD, but the results 
were not consistent.7–10 Results from the Whitehall Ⅱ 
study did not find a consistent relationship of direction 
of change in CVH with incident of CVD and mortality,7 
while Gaye et al observed significant reduction on risk 
of CVD resulting from improvement in CVH.9 Two other 
American and British studies also demonstrated that 
the change of CVH status could alter the risk of sub-
sequent CVD events.8,10 However, prior studies were 
conducted based on relatively small samples, and ev-
idence about the effect of change in CVH status on 
CVD risk in the Chinese population is still limited. In 
addition, previous studies evaluated the association 
between change in CVH status and risk of CVD using 
metrics of hazards ratio or incidence rate.8–11 Lifetime 
risk has proved to be a useful quantification of the ab-
solute risk over a lifetime. It is defined as the cumula-
tive probability of developing a disease for a given time 
period after accounting for competing risk of death, 
and has been widely used in previous studies.12–15 The 
lifetime risk, which served as an indispensable sup-
plement to the use of short-term relative risk in clinical 
practice, is relatively easy to interpret and can readily 
be used by relevant stakeholders compared with tradi-
tional metrics of risk of disease. The lifetime risk of CVD 
and its relationship with some risk factors have been 
assessed before, such as BMI, blood pressure, and 
diabetes.14–16 However, to our knowledge, no study has 
evaluated the association of lifetime risk for CVD with 
change in CVH status over time.

In the present study, we used data from a prospec-
tive cohort study to quantify the lifetime risk of CVD ac-
cording to number of ideal CVH metrics and change in 
status of CVH. We also evaluated the effect of change 
in CVH status on total life expectancy, and life expec-
tancy free from CVD and with CVD.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population
This study was based on a prospective cohort study 
performed in the community of Kailuan in Tangshan, 
China. A total of 101 510 employees (including the re-
tired) of Kailuan Group company were enrolled in the 
Kailuan cohort study in 2006 and were followed up 
every 2  years to obtain related information. The pro-
tocol of the Kailuan study was approved by the Ethnic 
Committees of Kailuan General Hospital. Written in-
formed consent was obtained from all participants. 
More details about the Kailuan study are available in 
previous publications.17 In the present study, partici-
pants included for analysis of associations between 
lifetime risk of CVD and number of ideal CVH metrics 
met the following criteria: aged equal or older than 
index age at baseline; without history of CVD before 
2006; and without missing values of CVH metrics in 
2006. To examine whether changes in status of CVH 
(from baseline in 2006–2007 to a follow-up visit in 
2010–2011) altered the lifetime risk of CVD, participants 
included were: aged equal or older than index age at 
visit in 2010 to 2011; without history of CVD before 
2010; and without missing values of CVH metrics in 
2006 or in 2010. Figure S1 presents the flowchart of 
participants included for analysis at the index age of 
35 years.

CVH Metrics and Status
The information on health behaviors, including smok-
ing status, physical activity, and dietary intake, was ob-
tained via standard questionnaires. Body mass index 
(BMI) was calculated as weight (kg) divided by square 
of height (m). Blood pressure was measured using a 
mercury sphygmomanometer with a cuff of appropri-
ate size by trained nurse and physicians after at least 
5 minutes of rest in the sitting position. All procedures 
followed the standard recommended procedures from 
the Joint National Committee (JNC) 7 report.18 Systolic 
blood pressure is the point at which the first of ≥2 
Korotkoff sounds is heard, and the disappearance of 
Korotkoff sound is used to define diastolic blood pres-
sure. At least 2 readings of blood pressure were taken 

CLINICAL PERSPECTIVE

What Is New?
•	 Ideal cardiovascular health metrics was associ-

ated with lifetime risk of cardiovascular disease.
•	 The improvement in cardiovascular health sta-

tus could lower the lifetime risk of cardiovascu-
lar disease and prolonged the years of life free 
from cardiovascular diseases.

What Are the Clinical Implications?
•	 The promotion of cardiovascular health might 

have important implications for prevention of 
cardiovascular diseases.
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at a 5-minute interval. The average value of the mul-
tiple blood pressure measures was used for further 
analysis. A blood sample was drawn after an overnight 
fast to detect the levels of fasting blood glucose and 
total cholesterol. The information about dietary salt in-
take was obtained by asking participants to rate their 
habitual daily salt intake as low, moderate, or high, 
which was defined as <6 g/d (<2400 mg/d sodium in-
take), 6 to 10  g/d (2400–4000  mg/d sodium intake), 
and >10 g/d (>4000 mg/d sodium intake), respectively. 
Based on the definition proposed by the American 
Heart Association, 7 ideal metrics in our study were 
defined as never smoked, BMI <25  kg/m2, daily salt 
intake <6 g/d, physical activity >80 minutes per week, 
total cholesterol <200 mg/dL without medication treat-
ment, fasting blood glucose <100 mg/dL without med-
ication treatment, and blood pressure <120/80 mm Hg 
without medication treatment. We defined low, moder-
ate, and high CVH status for 0 to 2 ideal metrics, 3 
to 4 ideal metrics, and 5 to 7 ideal metrics, respec-
tively. We examined change in status of CVH between 
2006/2007 and 2010/2011. We further categorized the 
participants by change in status of CVH into 9 groups: 
consistently low, low to moderate, low to high, moder-
ate to low, consistently moderate, moderate to high, 
high to low, high to moderate, and consistently high. 
The method of classification was adopted from previ-
ous studies.7

Outcomes
We defined CVD events as myocardial infarction (MI), 
stroke (including hemorrhagic stroke and ischemic 
stroke), and heart failure (HF). Cases of MI (I21), stroke 
(I60, I61, and I63), and HF (I50) were identified accord-
ing to International Classification of Diseases, Tenth 
Revision (ICD-10) codes. The occurrence of cardiovas-
cular events was ascertained through the Municipal 
Social Insurance Institution and the Hospital Discharge 
Register. To avoid omissions of suspected CVD, we re-
viewed the discharge records of 11 Kailuan Hospitals 
and inquired about the history of CVD at each visit. 
Data on death were obtained from provincial vital sta-
tistics offices and were reviewed by clinicians. More 
details on identification of cardiovascular events and 
deaths have been published previously.11,17,19 All partici-
pants included were followed until death, age 95 years, 
or end of follow-up (December 31, 2017).

Statistical Analysis
We used mean (SD) and proportion (%) to describe the 
characteristics of participants included at index age of 
35, 45, and 55 years. In the present study, the Practical 
Incidence Estimators macro, a modified Kaplan–Meier 
method, was applied to calculate the probability of 
developing CVD (lifetime risk of CVD) with age as the 

time scale.20 The Practical Incidence Estimators Macro 
can produce age-specific incidence rates using direct 
standardization to the combined group, and estimate 
the remaining lifetime risk conditional on survival event-
free age (index age of 35, 45, and 55 years) to 95 years 
old. This method can account for the competing risk 
of death, which may lead to underestimation of abso-
lute risk for CVD. The age-adjusted incident rate and 
lifetime risk of total CVD, MI, stroke, and HF were esti-
mated in subgroups according to number of ideal CVH 
metrics at baseline. Because of the small sample size 
of participants with all 7 ideal CVH metrics, we com-
bined them with participants having 6 ideal CVH into 
1 group. The cumulative lifetime risk of CVD accord-
ing to CVH status in 2006/2007 was also assessed. 
To further explore the association between change in 
CVH status and CVD risk, we also evaluated the age-
adjusted incident rate and remaining lifetime risk in 9 
subgroups according to change in status of CVH.

We also computed the total life expectancy, life 
expectancy free from CVD, and life expectancy with 
CVD in participants with different transitions in status 
of CVH. The life expectancy was evaluated using the 
multistate lifetable method from the SPACE program 
(Stochastic Population Analysis for Complex Events).21 
There were 3 different health states: free of CVD, living 
with CVD, and death, and only 3 transitions between 
these states were allowed in our analysis: from free 
of CVD to CVD (incident CVD), CVD to death (mortal-
ity among participants with CVD), and free of CVD to 
death (non-CVD mortality among participants without 
CVD). More details have been described by Cai et al.21

All analyses were performed in SAS (version 9.4; 
SAS Institute Inc.). P<0.05 was considered statistically 
significant in this analysis.

RESULTS
There were 82 349, 64 279, and 33 887 participants 
included for estimation of lifetime risk of CVD at index 
age of 35, 45, and 55 years, respectively. As index age 
increased from 35 to 55 years, an increase of blood 
pressure was observed (systolic blood pressure from 
131.97 to 137.92  mm  Hg, and diastolic blood pres-
sure from 84.10 to 84.80 mm Hg). There was no obvi-
ous difference in the presence of ideal CVH metrics 
among samples at 35, 45, and 55 years index age. 
Characteristics of participants for different index age 
are presented in Table 1.

Ideal CVH and Incident of CVD
A gradual increase in age-adjusted incident rate of total 
CVD and specific-CVD of MI, stroke, and HF was ob-
served as the number of ideal CVH metrics declined 
(Table S1). Among participants without any ideal CVH 
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metrics, the age-adjusted incident rate of CVD from 
index age of 35 was 12.92 per 1000  person-years, 
and that of MI, stroke, and HF were 2.67, 8.09, and 
2.60 per 1000 person-years, respectively. Among par-
ticipants with ≥6 ideal CVH metrics, the age-adjusted 
incident rate from 35 years old of CVD was 3.02 per 
1000 person-years, and that of MI, stroke, and HF was 
0.41, 2.00, and 0.84 per 1000 person-years, respec-
tively. Table 2 reports the lifetime risk of CVD related 
to the number of ideal CVH metrics. The lifetime risk of 
developing CVD was substantially decreased from low 
to high CVH status. The highest lifetime risk of CVD 
was 44.3% (38.0%–50.5%) for index age 35  years, 
42.1% (35.9%–48.4%) for index age 45  years, and 
39.4% (32.7%–46.2%) for index age 55 years in partici-
pants with no ideal CVH metrics. Participants with >3 
ideal CVH metrics had significantly lower lifetime risk 

of CVD compared with participants with no ideal CVH 
metrics. Figure 1 presents the curve of cumulative risk 
of CVD from 35 years of age in subgroups of partici-
pants according to status of CVH at baseline.

Change in Status of CVH and Incidence of 
CVD
Change in CVH status was examined among 52 627 
individuals. From 2006/2007 to 2010/2011, 20.5% 
(n=10 797) of participants improved their CVH status 
mostly from low to moderate (13.7%) and from moder-
ate to high (5.8%), while only 1.0% improved from low 
to high. On the contrary, among 11 005 (20.9%) partici-
pants having worse CVH status, 14.9% changed from 
moderate to low and 0.9% and 5.1% changed from 
high to low and moderate, respectively. More than half 

Table 1.  Characteristics of Participants at Baseline in 3 Study Samples

Characteristics

Index age

35 y (n=82 349) 45 y (n=64 279) 55 y (n=33 887)

Age at baseline, y 53.31 (10.22) 56.91 (8.52) 63.06 (7.19)

Sex

Female 16 563 (20.11) 11 968 (18.62) 5357 (15.81)

Male 65 786 (79.89) 52 311 (81.38) 28 530 (84.19)

Body mass index, kg/m2 25.10 (3.43) 25.11 (3.41) 25.08 (3.48)

Systolic blood pressure, mm Hg 131.97 (20.94) 134.17 (21.17) 137.92 (21.62)

Diastolic blood pressure, mm Hg 84.10 (11.77) 84.60 (11.67) 84.80 (11.50)

Fasting blood glucose, mmol/L 5.52 (1.72) 5.58 (1.80) 5.60 (1.89)

Total cholesterol, mmol/L 4.99 (1.16) 5.02 (1.17) 5.01 (1.20)

Smoking status

Nonideal 32 556 (39.53) 25 321 (39.39) 12 675 (37.40)

Ideal 49 793 (60.47) 38 958 (60.61) 21 212 (62.60)

Dietary salt intake

Nonideal 74 876 (90.93) 58 423 (90.89) 30 645 (90.43)

Ideal 7473 (9.07) 5856 (9.11) 3242 (9.57)

Physical activities

Nonideal 69 284 (84.13) 52 311 (81.38) 24 996 (73.76)

Ideal 13 065 (15.87) 11 968 (18.62) 8891 (26.24)

Body mass index

Nonideal 40 316 (48.96) 31 690 (49.30) 16 629 (49.07)

Ideal 42 033 (51.04) 32 589 (50.70) 17 258 (50.93)

Total cholesterol

Nonideal 33 408 (40.57) 27 122 (42.19) 14 288 (42.16)

Ideal 48 941 (59.43) 37 157 (57.81) 19 599 (57.84)

Blood pressure

Nonideal 67 298 (81.72) 54 243 (84.39) 29 729 (87.73)

Ideal 15 051 (18.28) 10 036 (15.61) 4158 (12.27)

Fasting blood glucose

Nonideal 25 428 (30.88) 20 863 (32.46) 11 058 (32.63)

Ideal 56 921 (69.12) 43 416 (67.54) 22 829 (67.37)

Data are presented as mean (SD) or number (proportion %).
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of the participants (58.6%) stayed at the same status of 
CVH (22.9% in low status, 32.7% in moderate status, 
and 3.0% in high status).

Table  S2 shows the age-adjusted incident rate of 
total CVD, MI, stroke, and HF by change in status of 
CVH. Participants with consistently low CVH status 
had the highest age-adjusted incident rate of CVD 
(11.40, 12.51, and 16.04 per 1000  person-years at 
index age of 35, 45, and 55  years old, respectively), 
and the lowest (2.70, 3.01, and 4.04 per 1000 person-
years at index age of 35, 45, and 55 years old, respec-
tively) was observed in participants with consistently 
high CVH status. The improvement in CVH status 

lowered the age-adjusted incident rate of CVD com-
pared with corresponding stable status of CVH. For 
instance, the age-adjusted incident rates of CVD at 35 
index age for participants with CVH status changed 
from low to moderate and from low to high were 7.81 
and 5.02 per 1000  person-years, which were lower 
than that for participants with consistently low status 
(11.40 per 1000 person-years).

At index age of 35 years, the lifetime risk of CVD for the 
consistently low group (44.6% [95% CI, 40.8%–48.5%]) 
was significantly higher than that of the low to moder-
ate group (37.6% [95% CI, 32.8%–42.4%]) and low to 
high group (24.4% [95% CI, 12.7%–36.0%]). Compared 

Table 2.  Lifetime Risk (%) of Cardiovascular Diseases by Number of Ideal Cardiovascular Health Metrics at Index Age of 
35, 45, and 55 Years

No. of ideal 
metrics

Index age

35 y 45 y 55 y

Lifetime risk (95% CI) P value Lifetime risk (95% CI) P value Lifetime risk (95% CI) P value

Myocardial infarction

0 12.43 (7.61–17.25) Reference 11.07 (6.32–15.83) Reference 10.64 (5.72–15.56) Reference

1 8.73 (7.40–10.06) 0.147 8.67 (7.33–10.00) 0.339 7.90 (6.56–9.25) 0.292

2 8.41 (7.30–9.52) 0.111 8.28 (7.17–9.39) 0.262 7.91 (6.78–9.05) 0.289

3 6.68 (5.76–7.60) 0.022 6.69 (5.76–7.62) 0.076 6.29 (5.35–7.23) 0.088

4 5.32 (4.32–6.32) 0.005 5.33 (4.32–6.34) 0.021 5.17 (4.15–6.19) 0.033

5 5.40 (3.55–7.24) 0.008 5.40 (3.56–7.25) 0.029 5.23 (3.36–7.10) 0.044

≥6 4.00 (0.06–7.93) 0.008 4.00 (0.06–7.93) 0.025 4.04 (0.06–8.02) 0.041

Stroke

0 28.25 (22.46–34.05) Reference 26.78 (21.31–32.26) Reference 24.03 (18.23–29.83) Reference

1 30.85 (27.77–33.93) 0.437 30.69 (27.59–33.80) 0.223 28.77 (25.49–32.05) 0.163

2 26.97 (25.29–28.65) 0.676 26.67 (24.99–28.36) 0.971 25.38 (23.63–27.13) 0.663

3 21.73 (20.38–23.08) 0.032 21.61 (20.25–22.96) 0.072 20.32 (18.93–21.70) 0.222

4 18.92 (17.29–20.56) 0.002 18.50 (16.88–20.11) 0.004 17.72 (16.07–19.37) 0.040

5 15.11 (12.24–17.99) <0.001 15.08 (12.20–17.96) <0.001 14.52 (11.59–17.46) 0.004

≥6 9.86 (4.55–15.18) <0.001 9.86 (4.55–15.18) <0.001 9.40 (4.05–14.75) <0.001

Heart failure

0 11.69 (7.30–16.07) Reference 11.42 (7.04–15.81) Reference 10.93 (6.40–15.45) Reference

1 12.62 (10.46–14.77) 0.709 12.46 (10.34–14.58) 0.677 11.71 (9.53–13.90) 0.759

2 11.28 (9.86–12.69) 0.862 11.38 (9.95–12.81) 0.985 11.16 (9.69–12.63) 0.924

3 10.19 (9.00–11.39) 0.520 10.22 (9.02–11.42) 0.603 9.95 (8.72–11.18) 0.684

4 8.57 (6.98–10.15) 0.190 8.41 (6.85–9.98) 0.205 8.26 (6.67–9.85) 0.276

5 7.01 (4.67–9.35) 0.065 7.02 (4.67–9.36) 0.082 6.83 (4.44–9.21) 0.117

≥6 5.38 (1.43–9.32) 0.036 5.38 (1.43–9.32) 0.044 5.07 (1.14–9.00) 0.056

Total cardiovascular diseases

0 44.25 (37.96–50.54) Reference 42.11 (35.86–48.36) Reference 39.43 (32.67–46.19) Reference

1 42.52 (39.53–45.51) 0.626 42.24 (39.23–45.25) 0.971 39.84 (36.61–43.08) 0.914

2 38.62 (36.79–40.45) 0.092 38.36 (36.53–40.20) 0.260 36.98 (35.05–38.92) 0.495

3 33.15 (31.56–34.75) 0.001 33.10 (31.50–34.70) 0.006 31.58 (29.91–33.24) 0.027

4 29.22 (27.21–31.22) <0.001 28.74 (26.75–30.73) <0.001 27.84 (25.80–29.89) 0.001

5 23.91 (20.50–27.31) <0.001 23.89 (20.47–27.30) <0.001 23.16 (19.66–26.66) <0.001

≥6 16.02 (9.55–22.48) <0.001 16.02 (9.55–22.48) <0.001 15.30 (8.79–21.80) <0.001
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Figure 1.  Cumulative risk (percent) of cardiovascular diseases from index 
age of 35 years by cardiovascular health status.
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Table 3.  Lifetime Risk (%) of Cardiovascular Diseases by Change in Status of Cardiovascular Health From 2006/2007 to 
2010/2011

Change in CVH status

Index age

35 y 45 y 55 y

Lifetime risk (95% 
CI) P value

Lifetime risk (95% 
CI) P value

Lifetime risk (95% 
CI) P value

Myocardial infarction

Consistently low 6.58 (5.14– 8.03) Reference 6.45 (5.01–7.89) Reference 5.63 (4.18–7.09) Reference

Low to moderate 7.35 (5.23–9.47) 0.558 7.21 (5.09–9.33) 0.563 7.10 (4.92–9.28) 0.272

Low to high 1.99 (0.00–4.90) 0.005 2.02 (0.00–4.96) 0.008 1.43 (0.00–4.22) 0.009

Moderate to low 7.69 (5.26–10.11) 0.443 7.69 (5.24–10.14) 0.392 7.32 (4.82–9.81) 0.252

Consistently 
moderate

4.60 (3.59–5.61) 0.027 4.59 (3.58–5.60) 0.038 4.32 (3.30–5.34) 0.148

Moderate to high 4.00 (1.76–6.25) 0.058 4.02 (1.76–6.27) 0.074 4.08 (1.79–6.36) 0.261

High to low 12.03 (1.47–22.60) 0.316 12.03 (1.47–22.60) 0.305 11.27 (0.53–22.01) 0.308

High to moderate 3.45 (0.67–6.23) 0.050 3.45 (0.67–6.23) 0.060 3.53 (0.69–6.37) 0.197

Consistently high 2.77 (0.00–5.76) 0.024 2.77 (0.00–5.76) 0.030 2.51 (0.00–5.47) 0.063

Stroke

Consistently low 33.10 (29.04–37.16) Reference 33.17 (29.04–37.31) Reference 31.51 (27.15–35.87) Reference

Low to moderate 27.77 (22.86–32.68) 0.101 27.46 (22.48–32.43) 0.083 26.40 (21.19–31.61) 0.141

Low to high 18.36 (8.24–28.47) 0.008 18.60 (8.36–28.84) 0.010 16.29 (5.82–26.77) 0.009

Moderate to low 27.31 (19.54–35.08) 0.196 27.03 (19.11–34.95) 0.177 25.44 (17.18–33.71) 0.203

Consistently 
moderate

20.86 (18.22–23.5) <0.001 20.82 (18.16–23.48) <0.001 19.84 (17.11–22.56) <0.001

Moderate to high 13.78 (9.14–18.42) <0.001 13.67 (9.01–18.33) <0.001 13.01 (8.28–17.74) <0.001

High to low 16.62 (7.47–25.76) 0.002 16.62 (7.47–25.76) 0.002 15.25 (6.05–24.45) 0.003

High to moderate 16.08 (9.95–22.21) <0.001 16.08 (9.95–22.21) <0.001 16.19 (9.91–22.47) <0.001

Consistently high 11.72 (4.08–19.36) <0.001 11.72 (4.07–19.36) <0.001 11.18 (3.48–18.88) <0.001

Heart failure

Consistently low 11.72 (8.93–14.51) Reference 11.75 (8.92–14.57) Reference 11.11 (8.20–14.02) Reference

Low to moderate 9.90 (6.38–13.43) 0.428 9.81 (6.26–13.35) 0.401 9.64 (5.98–13.30) 0.537

Low to high 6.37 (0.00–14.18) 0.206 6.45 (0.00–14.37) 0.217 6.72 (0.00–14.97) 0.325

Moderate to low 11.69 (7.33–16.04) 0.990 11.75 (7.34–16.16) 0.999 11.50 (6.98–16.01) 0.889

Consistently 
moderate

7.79 (5.75–9.82) 0.025 7.71 (5.67–9.75) 0.023 7.42 (5.35–9.49) 0.043

Moderate to high 4.04 (1.85–6.24) <0.001 4.06 (1.86–6.26) <0.001 3.66 (1.46–5.86) <0.001

High to low 12.60 (2.18–23.02) 0.873 12.60 (2.18–23.02) 0.877 10.93 (0.40–21.45) 0.974

High to moderate 4.61 (1.61–7.61) 0.001 4.61 (1.61–7.61) 0.001 4.41 (1.36–7.45) 0.002

Consistently high 0.89 (0.00–1.92) <0.001 0.89 (0.00–1.92) <0.001 0.69 (0.00–1.65) <0.001

Total cardiovascular diseases

Consistently low 44.61 (40.75–48.47) Reference 44.70 (40.77–48.63) Reference 42.62 (38.39–46.84) Reference

Low to moderate 37.56 (32.75–42.37) 0.025 37.11 (32.23–41.99) 0.018 36.07 (30.92–41.21) 0.054

Low to high 24.38 (12.72–36.04) 0.001 24.71 (12.91–36.51) 0.002 22.24 (9.98–34.50) 0.002

Moderate to low 40.39 (33.13–47.65) 0.315 40.34 (32.93–47.74) 0.308 38.73 (30.92–46.53) 0.391

Consistently 
moderate

29.65 (26.74–32.55) <0.001 29.56 (26.63–32.49) <0.001 28.30 (25.28–31.33) <0.001

Moderate to high 19.68 (14.68–24.69) <0.001 19.61 (14.59–24.63) <0.001 18.70 (13.58–23.81) <0.001

High to low 28.64 (16.74–40.54) 0.018 28.64 (16.74–40.54) 0.018 26.16 (13.85–38.47) 0.020

High to moderate 21.99 (15.61–28.37) <0.001 21.99 (15.61–28.37) <0.001 21.96 (15.43–28.50) <0.001

Consistently high 14.74 (6.87–22.61) <0.001 14.74 (6.87–22.61) <0.001 13.80 (5.85– 21.76) <0.001

CVH indicates cardiovascular health.
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with the consistently moderate group (29.7% [95% CI, 
26.7%–32.6%]), the lifetime risk of CVD at 35 index age 
in the moderate to low group (40.4% [95% CI, 33.1%–
47.7%]) was higher, while that in the moderate to high 
group was much lower (19.7% [95% CI, 14.7%–24.7%]). 
Participants with consistently high status showed low-
est lifetime risk from 35 to 95 years old (14.7% [95% CI, 
6.9%–22.6%]), and the change in status from high to 
moderate or low significantly increased the lifetime risk 
of CVD (22.0% [95% CI, 15.6%–28.4%] for the high to 
moderate group; 28.6% [95% CI, 16.7%–40.5%] for the 
high to low group). The associations between change 
in status of CVH and lifetime risk of CVD at index age 
of 45 or 55 years were similar to those at 35 index age 
(Table 3).

Figure  2 shows estimates of life expectancy by 
change in CVH status. At index age of 35 years, years 
of life expectancy free from CVD were 38.36, 45.00, 
and 50.34 in the group with consistently low, moder-
ate, and high status of CVH, respectively. The improve-
ment in CVH status prolonged the life expectancy free 
from CVD (41.70  years for low to moderate status, 
43.40 years for low to high status, and 47.26 years for 
moderate to high status), and the worsening of CVH 
shortened the life expectancy free from CVD in the 
group with moderate to low status (43.00 years), high 
to moderate status (48.31 years), and high to low sta-
tus (43.44 years). The patterns of life expectancy at the 
index age of 45 and 55 years were similar to that at 
35 years old (Table S3).

DISCUSSION
In the present study, participants with a higher number 
of CVH metrics at baseline had a lower lifetime risk of 
CVD. The improvement of CVH status could signifi-
cantly reduce the lifetime risk of CVD and prolonged 
the life expectancy free from CVD. Instead, the wors-
ening of CVH increased the lifetime risk of CVD and 
shortened the years of life free from CVD.

The associations between ideal CVH metrics and 
cardiovascular outcomes have been widely assessed 
before. Prior studies have consistently reported that a 
higher number of ideal CVH metrics was associated 
with a lower risk of cardiovascular events, such as MI, 
stroke, and CVD mortality.4,22,23 However, the associ-
ation between CVH and risk of CVD was mostly esti-
mated using the metric of hazards ratio4,23,24 or incident 
rate.25 Several studies have estimated the lifetime risk 
of cardiovascular events by 4 cardiovascular-related 
risk factors (level of total cholesterol, blood pressure, 
diabetic status, and smoking status).14,26 For example, 
Berry et al found that the lifetime risk of MI and stroke 
at 45 years of age increased from 1.7% to 42.0% and 
from 6.7% to 10.3%, respectively, with the increasing 

number of elevated risk factors.26 Similar results were 
also observed in the Chinese Multi-Provincial Cohort 
study. Among 21 953 participants, the lifetime risk of 
CVD at the index age of 35 years was associated with 
levels of blood pressure, non-HDL (non–high-density 
lipoprotein), HDL, BMI, diabetic status, and smoking 
status individually and in combination.27 However, to 
date, the evidence for association between lifetime 
risk of CVD and ideal CVH metrics is scarce. Results 
of our study consistently showed a negative associa-
tion of ideal CVH metrics at baseline with lifetime risk 
of CVD.

CVH status is determined by 7 health metrics, 
which can be altered by change in lifestyles and be-
haviors over time. The ARIC (Atherosclerosis Risk 
in Communities) study reported that 38.2% of par-
ticipants changed their CVH status between 1997 
to 1998 and 1993 to 1995.9 In the Whitehall II study, 
about half (42.1%) of participants’ CVH status changed 
during 10.4 years of follow-up.7 In the present study, 
only 58.6% participants stayed at the same status of 
CVH over ≈4 years of follow-up. The above evidence 
supports the notion that the CVH status is under dy-
namic change.

The effect of change in CVH status on the cardio-
vascular system has been assessed before. Aatola et 
al reported that each 1-point increase in ideal CVH 
metrics was associated with 0.09  m/s decrease in 
pulse wave velocity, an indicator of arterial stiffness.28 
Hwang et al demonstrated that each unit decrease in 
ideal CVH metrics was related to a 15% higher risk of 
coronary artery calcium, although the association was 
not statistically significant.29

However, to date, only 4 longitudinal studies have as-
sessed the prevalence of change in CVH status and its 
association with CVD. In the Framingham offspring study 
and British Regional Heart Study, the score of 2, 1, 0 
was assigned to ideal, intermediate, and poor status for 
each metric, respectively, and status of CVH was further 
defined as high (≥8 score) and low (≤7 score).8,10 Results 
from both studies showed that the risk of CVD increased 
in an order from low to low group, low to high group, high 
to low group, to high to high group.8,10 To more precisely 
evaluate the change in CVH status, the Whitehall II study 
and ARIC study adopted the method of classification by 
categorizing participants into 9 subgroups according to 
change in status of CVH,7,9 which was also applied in our 
analysis. The ARIC study demonstrated that improve-
ment in CVH status was associated with a lower risk 
of incident CVD and all-cause mortality.9 However, the 
Whitehall II study did not find any consistent relationships 
between the direction of change in status of CVH and 
risk of CVD,7 which were observed in the present study. 
Except for the much larger sample size of our study, the 
discrepancy in results may also be attributable to the 
diversity in participants. The target population for the 
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Figure 2.  Total life expectancy, life expectancy free from cardiovascular 
disease, and life expectancy with cardiovascular diseases (years) by 
change in cardiovascular health status from 2006/2007 to 2010/2011.
CVD indicates cardiovascular diseases; HF, heart failure; and MI, myocardial 
infarction.
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Whitehall II study was British civil servant, and was aged 
35 to 55 years and mostly White race, while the subjects 
in the present study were all from the Kailuan company 
in Tangshan, China, and were much older and in a wider 
age range of 35 to 95 years old. Since the proportion 
of participants having low CVH status in the Whitehall 
II study at baseline was 23.5%, and that of our study 
was 39.3%, it seemed that subjects in the Whitehall II 
study might have been relatively highly health conscious 
and were living under healthier conditions. In addition, 
assessment of change in CVH status in the Whitehall II 
study was conducted over an 11-year period, approx-
imately twice as long as that of our study. The change 
in CVH status over a longer period was more vulnerable 
to natural aging so that deteriorating physical condition 
was more likely to be observed, which might also explain 
the difference in results between the Whitehall II study 
and the present study. Moreover, we also evaluated the 
life expectancy by change in CVH. Our findings showed 
that the improvement in CVH could prolong the years 
of life free from CVD, which matched with the primary 
conclusions in our study.

Our study was derived from the Kailuan cohort 
study and was conducted with a large sample size. To 
our knowledge, this is the first study to evaluate the ef-
fect of ideal CVH metrics and change in CVH status 
on CVD using metrics of lifetime risk and life expec-
tancy. However, there are some limitations that should 
be taken into consideration. First, our study’s follow-up 
is relatively short. However, the significant association 
between change in CVH status and lifetime risk of CVD 
was still observed in our study, suggesting that change 
in CVH status even over a few years had considerable 
effect on CVD risk. Second, with more categorical 
groups, the sample size in some categories was small, 
which may influence the stability of our results. Third, the 
diagnosis of CVD was identified by ICD-10 code, which 
might cause misclassification bias and typically reduce 
the precision of the estimates. However, this error gen-
erally biases the risk estimates downward. In addition, 
to avoid omissions of suspected CVD, we reviewed the 
discharge records of 11 Kailuan Hospitals and inquired 
about the history of CVD at each visit, which would 
significantly reduce the potential bias caused by mis-
classification. Fourth, HF can be categorized as HF with 
reduced ejection fraction, HF with moderately reduced 
ejection fraction, and HF with preserved ejection frac-
tion, which represents different entities, but the data 
were not available in our study. Further studies should 
pay attention to the subtypes of HF.

CONCLUSIONS
In conclusion, our study suggested that ideal CVH 
metrics were associated with lifetime risk of CVD. In 
addition, the direction of change in CVH status was 

associated with lifetime risk of CVD and life expectancy 
free from CVD. The improvement in CVH could lower 
the lifetime risk of CVD and prolonged the years of life 
without CVD.
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Table S1. Age-adjusted incident rate (per 1000 person-years) of cardiovascular diseases by number of ideal cardiovascular health metrics. 

Number of ideal 

cardiovascular 

health metrics 

Index age 

35 years 45 years 55 years 

Events Person years 

Age-adjusted 

Incident Rate Events Person years 

Age-adjusted 

Incident Rate Events Person years 

Age-adjusted 

Incident Rate 

Myocardial infarction 

0 49 21702.50 2.67 44 19686.00 2.69 37 11768.00 3.59 

1 224 100553.50 2.28 221 92271.00 2.47 183 60112.50 3.12 

2 390 223600.00 1.73 384 206179.00 1.88 334 140040.00 2.44 

3 381 275633.50 1.35 379 251679.00 1.48 326 171282.00 1.88 

4 182 189235.00 0.94 181 170398.50 1.03 164 113924.50 1.38 

5 51 63087.00 0.87 51 53887.00 0.95 45 34004.00 1.27 

≥6 5 9659.00 0.41 5 8517.00 0.45 5 5790.50 0.68 

Stroke 

0 163 21352.50 8.09 157 19335.00 8.61 116 11479.50 10.35 

1 730 98996.00 7.67 721 90719.00 8.34 584 58785.00 10.39 

2 1380 220765.00 6.22 1360 203372.50 6.73 1161 137618.00 8.60 

3 1364 272845.00 4.88 1351 248907.00 5.32 1164 168839.00 6.81 

4 693 187680.00 3.60 680 168876.00 3.90 599 112594.50 5.12 

5 146 62873.50 2.47 145 53674.50 2.71 125 33833.50 3.54 

≥6 19 9624.00 2.00 19 8482.00 2.21 17 5757.50 2.92 

Heart failure 

0 46 21694.00 2.60 45 19671.00 2.81 37 11733.00 3.71 

1 243 100540.00 2.57 241 92260.00 2.81 196 60113.00 3.51 

2 448 223281.50 2.02 447 205854.50 2.22 402 139719.00 2.99 



3 474 275109.00 1.67 471 251154.50 1.82 421 170794.50 2.42 

4 229 188974.00 1.15 227 170150.50 1.26 208 113708.00 1.72 

5 57 63058.00 0.95 57 53858.00 1.04 50 33984.50 1.38 

≥6 9 9647.00 0.84 9 8505.00 0.92 8 5779.00 1.18 

Total cardiovascular diseases 

0 244 21033.00 12.92 232 19029.00 13.63 177 11235.50 17.01 

1 1084 97703.00 11.55 1070 89434.50 12.56 863 57660.50 15.66 

2 2038 218282.50 9.31 2011 200898.00 10.11 1731 135352.00 13.08 

3 2060 270143.00 7.43 2043 246208.00 8.13 1764 166346.00 10.47 

4 1048 186428.00 5.45 1032 167637.00 5.92 916 111448.50 7.86 

5 238 62534.50 4.04 237 53335.50 4.44 206 33522.00 5.87 

≥6 30 9583.50 3.02 30 8441.50 3.33 27 5717.50 4.42 



Table S2. Age-adjusted incident rate (per 1000 person-years) of cardiovascular diseases by change in status of cardiovascular health 

from 2006/2007 to 2010/2011. 

Index age 

35 years 45 years 55 years 

Events Person years 
Age-adjusted 

incident rate 
Events Person years 

Age-adjusted 

incident rate 
Events Person years 

Age-adjusted 

incident rate 

Myocardial infarction 

Change in CVH status 

Consistently low 149 82950.50 1.77 146 75908.50 1.92 113 48359.50 2.34 

Low to moderate 71 50312.50 1.39 69 46206.50 1.49 63 30592.00 2.11 

Low to high 2 3559.50 0.54 2 3191.50 0.61 1 2008.00 0.47 

Moderate to low 77 53863.50 1.39 76 48818.00 1.53 65 32437.50 2.01 

Consistently moderate 111 119801.00 0.90 110 107522.50 1.00 95 69775.00 1.33 

Moderate to high 14 21631.00 0.73 14 18413.50 0.82 14 10781.50 1.27 

High to low 6 3329.00 1.87 6 3023.50 2.08 5 2166.00 2.57 

High to moderate 10 18521.00 0.57 10 15732.00 0.63 10 9851.00 0.99 

Consistently high 4 10976.00 0.46 4 8289.00 0.52 3 4194.50 0.63 

Stroke 

Change in CVH status 

Consistently low 635 82293.00 7.87 626 75250.50 8.64 513 47791.50 11.21 

Low to moderate 273 50044.50 5.36 267 45940.00 5.82 222 30382.00 7.48 

Low to high 14 3544.50 3.99 14 3176.50 4.46 10 1995.50 5.07 

Moderate to low 264 53624.00 4.85 258 48582.50 5.27 209 32264.00 6.54 

Consistently moderate 470 119305.50 3.83 465 107029.50 4.23 397 69362.00 5.58 

Moderate to high 50 21583.00 2.51 49 18365.00 2.76 41 10742.00 3.72 



High to low 14 3329.00 3.93 14 3023.50 4.39 12 2168.00 5.53 

High to moderate 38 18493.00 2.01 38 15704.00 2.24 36 9822.00 3.28 

Consistently high 17 10968.50 2.02 17 8281.50 2.25 14 4190.50 3.12 

Heart failure 

Change in CVH status 

Consistently low 162 82842.00 2.07 160 75798.00 2.28 127 48252.50 2.89 

Low to moderate 73 50254.50 1.43 72 46151.00 1.57 63 30538.00 2.13 

Low to high 3 3555.00 0.79 3 3187.00 0.89 3 2003.50 1.38 

Moderate to low 79 53821.50 1.43 78 48776.00 1.58 68 32406.50 2.12 

Consistently moderate 130 119662.50 1.04 128 107386.50 1.14 109 69661.50 1.49 

Moderate to high 17 21607.50 0.85 17 18390.00 0.95 13 10764.00 1.17 

High to low 6 3327.00 2.08 6 3021.50 2.32 4 2165.50 2.27 

High to moderate 14 18504.00 0.78 14 15715.00 0.87 12 9837.00 1.14 

Consistently high 3 10982.50 0.36 3 8295.50 0.40 2 4205.50 0.51 

Total cardiovascular diseases 

Change in CVH status 

Consistently low 909 81612.00 11.40 895 74579.50 12.51 722 47238.00 16.04 

Low to moderate 396 49777.00 7.81 387 45677.00 8.46 328 30141.00 11.13 

Low to high 18 3534.50 5.02 18 3166.50 5.60 13 1985.50 6.38 

Moderate to low 400 53296.00 7.37 393 48255.50 8.07 325 31966.50 10.27 

Consistently moderate 679 118806.00 5.54 671 106534.50 6.11 571 68930.50 8.04 

Moderate to high 77 21522.50 3.89 76 18304.50 4.31 64 10687.50 5.84 

High to low 22 3306.00 6.60 22 3000.50 7.37 18 2148.00 8.85 

High to moderate 61 18436.50 3.31 61 15647.50 3.70 57 9768.50 5.36 

Consistently high 23 10942.50 2.70 23 8255.50 3.01 18 4169.00 4.04 

CVH, cardiovascular health. 



Table S3. Life expectancy (years) of participants according to change in status of cardiovascular health from 2006/2007 to 2010/2011. 

Index age 

35 years 45 years 55 years 

TLE 

LE free 

from CVD 

LE with 

CVD TLE 

LE free 

from CVD 

LE with 

CVD TLE 

LE free 

from CVD 

LE with 

CVD 

Myocardial infarction 

Change in CVH status 

Consistently low 46.86 45.58 1.28 37.40 36.22 1.18 28.47 27.44 1.03 

Low to moderate 48.82 47.34 1.48 39.22 37.80 1.42 30.04 28.94 1.10 

Low to high 47.08 46.95 0.13 37.49 37.37 0.11 28.56 28.46 0.10 

Moderate to low 50.38 48.90 1.48 40.89 39.57 1.32 31.62 30.47 1.16 

Consistently moderate 50.56 49.88 0.68 41.04 40.44 0.60 31.80 31.24 0.56 

Moderate to high 51.14 50.68 0.46 41.59 41.18 0.41 32.32 31.96 0.36 

High to low 54.88 48.34 6.61 45.71 38.97 6.80 36.06 30.04 6.08 

High to moderate 53.47 51.36 2.13 44.07 41.83 2.26 34.46 32.64 1.83 

Consistently high 53.47 51.68 1.81 44.10 42.18 1.94 34.60 32.96 1.66 

Stroke 

Change in CVH status 

Consistently low 45.13 40.59 4.54 35.77 31.91 3.86 26.95 23.73 3.22 

Low to moderate 46.96 43.57 3.40 37.48 34.45 3.03 28.51 26.17 2.34 

Low to high 45.62 44.16 1.46 36.31 35.08 1.23 27.43 26.48 0.95 

Moderate to low 48.86 45.31 3.55 39.51 36.24 3.27 30.39 27.73 2.66 

Consistently moderate 49.44 46.63 2.81 40.06 37.46 2.60 30.88 28.83 2.04 

Moderate to high 50.33 48.65 1.67 40.94 39.40 1.54 31.66 30.45 1.21 

High to low 59.35 46.00 13.48 50.51 36.93 13.69 40.82 28.27 12.67 



High to moderate 51.57 49.66 1.92 41.95 40.24 1.70 32.73 31.33 1.39 

Consistently high 51.99 51.40 0.59 42.44 41.94 0.51 33.27 32.83 0.44 

Heart failure 

Change in CVH status 

Consistently low 47.14 45.37 1.77 37.66 35.96 1.70 28.77 27.09 1.68 

Low to moderate 48.46 47.46 1.01 38.89 37.88 1.01 29.81 28.90 0.90 

Low to high 48.62 46.58 2.06 39.30 37.00 2.32 30.39 28.07 2.34 

Moderate to low 50.31 49.01 1.29 40.79 39.57 1.22 31.59 30.33 1.25 

Consistently moderate 50.74 49.73 1.01 41.15 40.19 0.96 31.92 30.94 0.99 

Moderate to high 51.37 50.25 1.12 41.87 40.80 1.07 32.53 31.53 1.01 

High to low 55.58 48.28 7.38 46.55 38.85 7.78 37.19 29.76 7.50 

High to moderate 51.92 51.36 0.56 42.28 41.75 0.53 33.01 32.52 0.49 

Consistently high 52.32 52.15 0.18 42.72 42.51 0.21 33.47 33.29 0.18 

Total cardiovascular diseases 

Change in CVH status 

Consistently low 45.02 38.36 6.66 35.54 29.66 5.88 26.84 21.79 5.05 

Low to moderate 46.66 41.70 4.96 37.31 32.75 4.56 28.40 24.65 3.76 

Low to high 45.62 43.40 2.22 36.19 34.19 2.00 27.45 25.81 1.63 

Moderate to low 48.67 43.00 5.67 39.30 34.05 5.25 30.28 25.87 4.41 

Consistently moderate 49.10 45.00 4.10 39.70 35.86 3.85 30.63 27.41 3.22 

Moderate to high 50.11 47.26 2.85 40.72 38.00 2.73 31.48 29.22 2.26 

High to low 63.60 43.44 20.36 55.17 34.70 20.66 45.46 26.12 19.52 

High to moderate 51.24 48.31 2.93 41.69 39.01 2.68 32.49 30.17 2.32 

Consistently high 51.63 50.34 1.29 42.02 40.89 1.13 32.98 31.98 1.00 

TE, total life expectancy; LE, life expectancy; CVD, cardiovascular diseases; CVH, cardiovascular health.



Figure S1. Flow chart of participants included. 

101,510 participants enrolled in 2006 

92,082 participants aged 35 years or older in 2006 

88,042 participants remained 

82,349 participants included in analysis of ideal cardiovascular health metrics and CVD 

Excluding participants aged <35 years in 2006 

Excluding participants with history of CVD in 2006 

Excluding participants without risk parameters at baseline in 2006 

52,627 participants included in analysis for change in cardiovascular health status and CVD 

Excluding participants without risk parameters in 2010 or developed CVD before 2010 


