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Abstract

Background High cardiovascular health (CVH) was associated with lower risk of cardiovascular disease (CVD)

and longer life expectancy. However, whether life years lived without CVD could increase faster than or at least

at the same pace as total lifespan remains unknown. We aimed to explore the associations of CVH status with total life
expectancy and life years lived with and without CVD among middle-aged and elderly men and women.

Methods We included 65,587 participants aged > 45 years from Kailuan study, who were recruited during June
2006 to October 2007. CVH was scored and classified (low [0-49 points], moderate [50-79 points] and high [80-100
points]) with Life’s Essential 8, incorporating evaluations of health behaviors and factors. All-cause mortality and inci-
dent non-fatal CVD were recorded from baseline to December 31, 2020. The multi-state life table was adopted

to explore the associations of CVH status with total life expectancy and life years lived with and without CVD.

Results Six thousand fifty eight cases of incident non-fatal CVD and 10,580 cases of deaths were identified. Men aged
45 years with low, moderate, and high CVH had a life expectancy of 33.0, 36.5 and 38.5 years, of which 7.8 (23.6%),

6.0 (16.3%) and 3.7 years (9.6%) were spent with CVD. For women, the corresponding life expectancy was 36.6,43.6
and 48.6 years, and the remaining life years lived with CVD were 7.8 (21.3%), 6.0 (13.7%) and 4.5 years (9.3%), respec-
tively. The benefits of high CVH were persistent across lifespan from age 45 to 85 years and consistent when CVH

was evaluated with health behaviors and factors alone.

Conclusions High CVH compared with low CVH was associated with longer total life expectancy and fewer years
spent with CVD, indicating that promoting CVH is of great importance for CVD prevention and healthy ageing
in China.
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Background

Aging, an inevitable part of life, has acted as one of the
most critical determinants of cardiovascular health [1].
Despite dramatic improvements in health care and pub-
lic health education, individuals remain at higher lifetime
risk of cardiovascular disease (CVD) in the process of
ageing worldwide [2]. In China, the prevalence of CVD
have substantially increased by 99.8% since 1990 along
with longer life expectancy, which led to approximately
10.4 million years lived with disability (YLDs) in 2019 [3].

A series of modifiable cardiovascular risk factors were
identified through decades of epidemiological stud-
ies, and adherence to a combination of health behaviors
and health factors has been proven to be an effective
approach to prevent the occurrence of CVD and improve
the prognosis [4—6]. Accordingly, the American Heart
Association (AHA) proposed a comprehensive concept
of ideal cardiovascular health (CVH) called Life Sim-
ple 7 in 2010, and recently proposed its updated ver-
sion namely Life’s Essential 8 (LE8), which was enhanced
and expanded to better assess CVH of individuals [7, 8].
Moreover, in addition to attenuating CVD risks, pop-
ulation-based evidence has also indicated that lifestyle
intervention was associated with decreased all-cause
mortality and increased life expectancy [9, 10].

Consequently, it might be plausible that maintaining
ideal CVH could delay CVD to later ages and help indi-
viduals with worse health survive longer than they would
have in the past, while the overall prevalence and years
lived with CVD may not actually alter or even increase.
To better translate observed benefits of CVH modifica-
tions to public health interventions, it is of great impor-
tance to gain more insight into the impact of overall
lifestyle intervention on both incident CVD and total
life expectancy, with special attention paid to the pro-
portions of remaining years lived with CVD under an
expanded lifespan.

Therefore, we conducted a multi-state life table (MSLT)
analysis based on the Kailuan cohort involving adults
from Northern China to explore the associations of CVH
status defined by the new LE8 metrics with total life
expectancy and years lived with and without CVD for the
middle-aged and elderly men and women independently,
aiming to provide evidence for primordial CVD preven-
tion and healthy ageing in China.

Methods

Study population

The Kailuan study is a prospective cohort study based
on the Kailuan community in Tangshan city, Northern
China. Detailed designs of the study were reported in
the previous publications [11-13]. In brief, the recruit-
ment process was initiated by the Kailuan company in
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2006, inviting community population aged > 18 years to
participated in the baseline survey. During June 2006 to
October 2007, a total of 101,510 adults, including 81,110
men and 20,400 women, participated in the baseline sur-
vey, and were subsequently followed up each two years
until their deaths or the most recent visit finished on
December 31, 2020, whichever occurred first. In accord-
ance with the World Health Organization (WHO) defini-
tion of the middle-aged and elderly population, we firstly
excluded 29,635 participants aged less than 45 years at
baseline, and further excluded 6,288 participants with
missing data on baseline LE8 metrics. In total, 65,587
participants aged >45 years were ultimately included in
the current analyses (Supplementary Fig. 1). The com-
parison of baseline characteristics between included
and excluded individuals is presented in Supplementary
Table 1.

Data collection

Information on demographic characteristics, lifestyle
information, history of present illness, and medication
usage was collected at baseline and during each bien-
nial follow-up visit with uniformed questionnaires.
Habitual dietary intake was collected through asking
the frequency of consuming typical food items during
the past year. Self-reported time spent on both physical
activity and sleep was recorded, as well as the current
and former use of cigarettes. In addition, social and eco-
nomic status, represented by educational levels, house-
hold annual income per capita and marital status, was
also investigated. Fasting blood samples were drawn for
measurements of serum glucose and lipid concentra-
tions. Physical examinations were conducted by trained
and certificated local staff. Weights and heights were
measured with lightweight clothing and no shoes. Blood
pressure measurements were obtained using mercury
sphygmomanometers, and the mean of three readings
was used in the analyses.

CVH definition

CVH of each participant was assessed with the recently
updated LE8 metrics, which included evaluation of both
health behavior domain (diet, physical activity, tobacco/
nicotine exposure, and sleep health) and health fac-
tor domain (body mass index [BMI], blood lipids, blood
glucose, and blood pressure). Detailed definitions and
scorings for all eight metrics of CVH were presented in
Supplementary Table 2. In short, the score of each met-
ric ranged from the lowest of 0 points to the highest of
100 points, and the overall and domain-specific CVH
were accordingly scored as the unweighted average of all
included metrics, with the higher score indicating a bet-
ter CVH. In line with recommendations from the AHA,
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we further defined CVH status with 80-100 points as
high CVH, 50-79 points as moderate CVH, and 0-49
points as low CVH, respectively.

Health states

CVD was defined as a composite of myocardial infarction
(MI), atrial fibrillation, heart failure and stroke. More
specifically, myocardial infarction was diagnosed based
on clinical symptoms, electrocardiography and dynamic
changes in levels of cardiac enzyme and other biomarkers
[14]. Atrial fibrillation was clinically identified with abso-
lutely irregular RR intervals and no discernible, distinct
P values [15]. Diagnosis of heart failure was confirmed
according to clinical symptoms, chest radiography, echo-
cardiography, and electrocardiography [16]. Stroke was
diagnosed on the basis of neurological signs, clinical
symptoms, and neuroimages from computed tomogra-
phy or magnetic resonance imaging scans [17].

In the current study, health states of participants were
classified into three categories (free of CVD, living with
CVD, and death), which were dynamically updated dur-
ing follow-ups from the baseline survey till their deaths
or the latest visit. As previously reported, the vital status
of participants was identified based on the death certifi-
cates from provincial vital statistics offices, and the physi-
cian-diagnosed CVD was mainly confirmed through the
biennial face-to face interviews [18]. As complements,
medical records from the Municipal Social Insurance
Institution covering the entire Kailuan cohort and dis-
charge summaries from eleven hospitals in the Kailuan
community were further gathered and cross-validated,
and all potential cases were reviewed and ascertained by
the central expert panel who were unaware of the study
design.

Statistical analysis

All analyses were conducted separately for men and
women. Baseline characteristics were presented as mean
(standard deviation [SD]) or frequency (%), as appropri-
ate. The MSLT was adopted to evaluate the associations
of CVH status with the total life expectancy and the
number of years that participants could expect to live
with and without CVD, respectively. Detailed descrip-
tions of MSLT have been presented previously [19, 20]. In
simple terms, the MSLT is a time-inhomogeneous, finite-
space, continuous-time Markov model, which character-
izes population movement over time in a finite, discrete
and mutually exclusive state space as a Markov process.
Three health states (free of CVD, living with CVD, and
death) were defined, and we thus assumed three possi-
ble transitions included from free of CVD to living with
CVD, from free of CVD to death, and from living with
CVD to death. Backflows were not allowed (e.g., from
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CVD to free of CVD) and only the first event into a state
was considered. The age-specific state-dependent transi-
tion probabilities was firstly estimated with multinomial
logistic regression, adjusted by educational levels, house-
hold annual income per capita and marital status [21].
In the analysis of CVH defined with health behaviors
alone, health factors were further adjusted and vice versa.
Then, with the microsimulation approach, we simulated
a cohort of 100 000 people aged 45 years and fitted the
survival trajectory of the cohort population with transi-
tion probability between different health states calculated
based on the MSLT, thus estimating the survival time in
different health states of each individual in the cohort
from 45 years to death. Ultimately, the mean values of
overall survival time as well as the average time living
with or free from CVD were calculated as life expectancy
and years lived with/without CVD.

To further evaluate the robustness of our findings, sen-
sitivity analyses were conducted by 1) involving time-
varying CVH status of LE8 metrics at each visit instead
of the baseline CVH status alone; 2) excluding non-fatal
cardiovascular events and deaths occurred in the first
year. All analyses were performed with SAS version 9.4
(SAS Institute Inc., Cary, NC, USA). The SPACE program
was adopted to estimate MSLT functions via microsimu-
lation [22]. Tests were two-sided, with the statistical sig-
nificance set at P<0.05.

Results

Of all the 65,587 participants included, 53,775 (82.0%)
were men and 11,812 (18.0%) were women. With cat-
egorical considerations suggested by the AHA, 6,628
(12.3%) of the men were classified into the low CVH sta-
tus, 44,243 (82.3%) into the moderate CVH status, and
2,904 (5.4%) into the high CVH status. By comparison,
the CVH status of women was generally better; the cor-
responding number (%) of each category was 388(3.3%),
9,754(82.6%) and 1,670(14.1%), respectively. Participants
with more advantageous CVH scores were older in men
while younger in women. In addition, they were less
likely to have a history of CVD before baseline, and more
likely to be married and of higher socioeconomic status,
regardless of gender (Table 1).

Figure 1 presents the association between CVH status
of LE8 and risk of incident CVD and all-cause mortality
in men and women, and the component-specific results
were listed in the Supplementary Fig. 2. During follow-
ups from the baseline survey to December 31, 2020, 6,058
cases of incident non-fatal CVD and 10,580 cases of
deaths were recorded. High CVH was associated with a
significantly decreased risk of incident CVD in both men
(odds ratio [OR] 0.32, 95% confidence interval [95%CI]
0.28-0.38) and women (OR 0.29, 95%CI 0.20-0.42),
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Table 1 Baseline characteristics of women and men in Kailuan population by CVH Status of LE8
Men Women
low CVH moderate CVH high CVH low CVH moderate CVH high CVH
Participants, N (%) 6628(12.3) 44,243(82.3) 2904(5.4) 388(3.3) 9754(82.6) 1670(14.1)
Demographics
Age at baseline, Mean (SD), in years 55.6(7.9) 57.6(8.9) 59.0(9.5) 58.3(7.8) 55.4(7.7) 52.9(6.8)
High school or above, N (%) 841(12.7) 5023(11.4) 411(14.2) 53(13.7) 1893(19.4) 470(28.1)
Personal monthly income =600 CNY, N (%) 3681(55.5) 31,229(70.6) 2233(76.9) 298(76.8) 7972(81.7) 1367(81.9)
Married, N (%) 6240(94.1) 42,347(95.7) 2768(95.3) 342(88.1) 9099(93.3) 1569(94.0)
CVH scores of LE8, Mean (SD), out of 100 possible points
Overall CVH 439(5.2) 64.9(7.7) 83.4(2.8) 45.5(3.8) 68.0(7.4) 83.8(2.9)
Health behaviors 39.8(13.0) 60.9(13.5 75.2(7.8) 55.3(13.3) 68.9(8.6) 76.0(7.7)
Diet 349(17.4) 389(15.3 43.7(17.5) 33.5(15.1) 36.8(13.0) 43.2(16.5)
Physical activity 41.1(30.5) 57.1(24.5 67.6(24.4) 44.8(27.1) 56.1(22.1) 67.4(24.0)
Tobacco/nicotine exposure 4.8(30.9) 60.0(46.2 94.5(20.0) 81.4(37.2) 97.7(14.1) 99.7(4.6)
Sleep health 68.6(29.7) 87.4(221.7 95.1(13.2) 61.4(32.0) 85.0(24.3) 93.6(14.4)
Health factors 48.0(13.3) 69.0(14.4 91.6(7.2) 35. 8(1 2.6) 67.0(14.7) 91.5(7.3)
BMI 53.0(20.9) 67.8(23.3 91.9(15.5) 0(0.7) 63.3(24.4) 89.8(16.5)
Blood lipids (non-HDL cholesterol) 49.4(28.0) 73.6(27.7 93.6(15.6) 38. 0(26 9) 67.9(29.2) 90.5(18.8)
Blood glucose 63.5(30.1) 84.5(24.4 97.4(10.6) 47.4(32.8) 84.7(254) 984(8.2)
BP 25.9(30.0) 50.0(334 83.7(18.4) 16.7(26.0) 52.3(33.3) 87.4(17.0)
Baseline history of CVD, N (%) 641(9.7) 2381(5.4) 86(3.0) 47(12.1) 346(3.5) 28(1.7)

Abbreviations: BMI Body mass index, BP Blood pressure, CNY Chinese yuan, CVD Cardiovascular disease, CVH Cardiovascular health, HDL High-density lipoprotein, LE8

Life’s Essential 8; SD, standard deviation

Values were represented by mean (SD) for continuous variables and frequency (%) for categorical variables

in comparison with those with low CVH. More spe-
cifically, the OR (95%CI) for incident CVD of high CVH
defined by health behaviors was 0.75(0.65-0.86) for men
and 0.70(0.46—1.08) for women, and the corresponding
OR(%CI) of CVH status defined by health factors was
0.37 (0.34-0.40) and 0.33(0.27-0.41), respectively. In
addition, similar tendencies were also observed for the
risk of all-cause mortality, for individuals both living with
and without CVD.

The total life expectancy and years lived with and with-
out CVD in men and women are illustrated in Table 2
and Fig. 2. In general, life expectancy at age 45 years was
36.1 years for men, of which 6.2 years, corresponding
to 17.2% of total life expectancy, were lived with CVD.
For women, the total life expectancy was 43.6 years and
5.8 years (13.4%) were lived with CVD. Compared with
individuals with low CVH, remarkable longer total life
expectancy and shortened years lived with CVD were
observed for those with moderate and high CVH. Life
expectancy at age 45 years of low, moderate, and high
CVH status was 33.0 years, 36.5 years and 38.5 years in
men and 36.6 years, 43.6 years, and 48.6 years in women,
respectively. By contrast, the corresponding years lived
with CVD, at age 45 years, decreased from 7.8 years
to 3.7 years in men and from 7.8 years to 4.5 years in

women. When further classified by initial health states,
high CVH was related to both improved life expectancy
and declined years lived with CVD among individuals
without CVD; while for those with CVD, high CVH was
found to be associated with longer life years spent with
CVD (Supplementary Table 3).

Moreover, the benefits of high CVH were observed to
be persistent across the lifespan (Fig. 3, Supplementary
Table 4, Supplementary Table 5). For instance, women
with low, moderate, and high CVH at age 45 years spent
21.3%,13.7% and 9.3% of their total life expectancy with
CVD, and the corresponding proportions of years lived
with CVD at age 85 years were 45.2%, 29.8%, and 18.5%,
respectively. Besides, as was shown in Supplementary
Table 6-7, the results of sensitivity analyses were gener-
ally consistent with primary findings.

Discussion

This prospective population-based cohort study indi-
cated that in comparison with participants with low
CVH, maintaining high CVH was associated with longer
total life expectancy and fewer years spent with CVD
across the lifespan, which contributed to a larger propor-
tion of CVD-free life years. It was estimated that the total
life expectancy at age 45 years for men and women with
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OR (95%CI)
Transition CVH status
Men
Overall CVH
low CVH 1.00(Reference) 1 1.00(Reference)
Incident CVD moderate CVH 0.59(0.55-0.63) == 0.52(0.39-0.70)
high CVH 0.32(0.28-0.38) R 0.29(0.20-0.42)
low CVH 1.00(Reference) 4 1.00(Reference)
Mortality in individual
Wi‘t’h;"u‘t ?\1,1];“ WICHAIS  oderate CVH 0.75(0.70-0.81) e 0.51(0.37-0.70)
high CVH 0.64(0.56-0.73) o 0.34(0.22-0.51)
low CVH 1.00(Reference) 9 1.00(Reference)
lv\v/li‘t’;gém individuals — derate CVH 0.76(0.69-0.85) e 0.70(0.45-1.07)
high CVH 0.78(0.62-0.99) L S 0.50(0.24-1.03)
CVH behaviors
low CVH 1.00(Reference) 4 1.00(Reference)
Incident CVD moderate CVH 0.91(0.86-0.97) —— 0.84(0.57-1.22)
high CVH 0.75(0.65-0.86) —— 0.70(0.46-1.08)
low CVH 1.00(Reference) 9 1.00(Reference)
Mortality in individual
ittt S moderate CVH 0.90(0.85-0.96) —— 0.64(0.44-0.92)
high CVH 0.79(0.70-0.89) —— 0.58(0.38-0.89)
low CVH 1.00(Reference) b 1.00(Reference)
vl\fi‘t’;?jlg)m individuals  jerate CVH 0.94(0.85-1.03) ——4———— 0.98(0.59-1.66)
high CVH 0.85(0.71-1.02) ] 0.66(0.33-1.30)
CVH factors
low CVH 1.00(Reference) < 1.00(Reference)
Incident CVD moderate CVH 0.61(0.57-0.65) g 0.51(0.43-0.60)
high CVH 0.37(0.34-0.40) L g 0.33(0.27-0.41)
low CVH 1.00(Reference) < 1.00(Reference)
x‘t’t?jf:églsndwmuals moderate CVH 0.73(0.68-0.78) o 0.56(0.46-0.67)
high CVH 0.63(0.58-0.68) Rg 0.38(0.30-0.48)
low CVH 1.00(Reference) 4 1.00(Reference)
Mortality in individual
vt evp R moderate CVH 0.74(0.67-0.81) . 0.63(0.47-0.85)
high CVH - 0.68(0.60-0.78) ——i 0.59(0.38-0.91)

0.100.400.701.001.30 1.60 0.100.400.701.00 1.30 1.60

Fig. 1 Associations between CVH Status of LE8 and risk of incident CVD and all-cause mortality in men and women. Abbreviations: CVD
Cardiovascular disease, CVH cardiovascular health, LES Life's Essential 8, OR (95%C/) Odds ratio (95% confidence interval)

low CVH in the Kailuan cohort was 33.0 and 36.6 years, expanded (36.5 years and 38.5 years for men; 43.6 years
of which 23.6% and 21.3% were spent with CVD. For  and 48.6 years for women) and less of their remaining life
those with moderate and high CVH, lifespan was expectancy (16.3% and 9.6% for men; 13.7% and 9.3% for
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Table 2 Life expectancy and years lived with or without CVD at age 45 years by CVH Status of LE8
CVH status Men Women
Life expectancy, Yearslived without Years lived with Life expectancy, Years lived without  Years lived
years CVD, years (%) CVD, years (%) years CVD, years (%) with CVD,
years (%)
Overall CVH
low CVH 33.0 25.2(76.4) 7.8(23.6) 36.6 28.8(78.7) 7.8(21.3)
moderate CVH 36.5 30.6(83.7) 6.0(16.3) 436 37.6(86.3) 6.0(13.7)
high CVH 385 34.8(90.4) 3.7(9.6) 486 44.1(90.7) 4.5(9.3)
Health behaviors
low CVH 353 28.9(81.8) 6.4(18.2) 40.2 34.0(84.6) 6.2(15.4)
moderate CVH 36.3 30.3(83.5) 6.0(16.5) 440 38.4(87.2) 5.6(12.8)
high CVH 378 32.2(85.3) 5.5(14.7) 46.0 39.9(86.6) 6.2(13.4)
Health factors
low CVH 326 24.8(76.0) 7.8(24.0) 376 29.8(79.4) 7.7(20.6)
moderate CVH 36.3 29.8(82.1) 6.5(17.9) 443 38.2(86.4) 6.0(13.6)
high CVH 382 33.8(88.3) 4.5(11.7) 48.2 43.4(90.2) 4.7(9.8)
Total population 36.1 29.9(82.8) 6.2(17.2) 436 37.8(86.6) 5.8(134)

Abbreviations: CVD Cardiovascular disease, CVH Cardiovascular health, LE8 Life’s Essential 8

Total Population
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Fig. 2 Life expectancy and years lived with or without CVD at a given age from 45 to 85 years by CVH Status of LE8 in men and women.
Abbreviations: CVD Cardiovascular disease, CVH Cardiovascular health, LE8 Life's Essential 8

women) was spent with CVD. Considering the less-than-
ideal CVH status of the middle-aged and elderly Chinese,
[23] our study had a strong practical implication for CVD
prevention and healthy ageing in China, providing basis
for estimating future healthcare costs and planning for
healthcare needs.

High CVH, including adherence to healthy lifestyles
and maintenance of ideal cardio-metabolic factors, has
long been proved to be associated with decreased risk
of incident CVD, which significantly delays the onset of
CVD and improves the survival of CVD patients [4, 6, 24,
25]. Moreover, it is also recognized as a strong predictor
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Fig. 3 Proportion of years lived with CVD at a given age from 45 to 85 years by CVH Status of LE8 in men and women. Proportion is computed
by dividing years lived with CVD by total life expectancy at a given age from 45 to 85 years. Abbreviations: CVD Cardiovascular disease, CVH

Cardiovascular health, LES Life's Essential 8

for extended life expectancy [10, 26]. However, since
individuals turn to be more vulnerable to CVD once
they reach older ages, it was confusing that whether the
benefits of maintaining high CVH could be fully trans-
lated into healthy longevity. The present multi-state life
expectancy analysis, which considered both CVD mor-
bidity and all-cause mortality, provided further estimates
on years spent with and without CVD, respectively. For
individuals free from CVD, decreased risks of CVD
and mortality were observed to be associated with high
CVH, which indicated that the occurrence of CVD could
be postponed in older ages and the lifespan could be
expanded, together contributing to increased life years
lived free from CVD. On the other hand, a decreased risk
of mortality was observed for CVD patients with high

CVH. In other words, after the occurrence of CVD, more
remaining years were expected to be lived if they main-
tained a high CVH. Furthermore, the benefits of high
CVH were persistent across the lifespan from age 45 to
85 years, suggesting that achieving a better CVH status is
of great importance for preventing CVD events and pur-
suing healthy longevity, even for those aged population.
Although a series of studies have investigated the asso-
ciation of CVH with risk of CVD and all-cause mortality
separately, evidence on life expectancy with and without
CVD according to different CVH status, to the best of
our knowledge, is still lacking. Most previous publica-
tions focused on the relative risk of incident CVD or the
remaining life years free of CVD. The project of the Pre-
diction for Atherosclerotic Cardiovascular Disease Risk
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in China, for instance, has reported a gradient inverse
association between the number of ideal CVH metrics
assessed with the origin LS7 metrics and the hazard ratio
of CVD [23]. A previous analysis based on the Kailuan
Study, also adopting the LS7 metrics, indicated that life
years free from CVD at age 35 years were 38.4, 45.0, and
50.3 years in participants with consistently low, moder-
ate, and high CVH, respectively [27]. Additionally, sev-
eral studies further examined the impact of combined
lifestyle risk factors on the total life expectancy. The Sin-
gapore Chinese Health Study observed that adherence to
4-5 healthy lifestyle factors versus none could achieve a
gain of 8.1 years in women and 6.6 years in men for the
life expectancy at age 50 years [26]. Another study con-
ducted in the U.S. indicated that adherence to 5 low-
risk lifestyle factors could prolong life expectancy at
age 50 years by 12.2 and 14.0 years for male and female
adults, respectively [10]. More relevant, the Rotterdam
Study, investigating the effects of lifestyle on life expec-
tancy with and without heart failure, concluded that a
healthy overall lifestyle was associated with a longer total
life expectancy and years lived without heart failure [20].
Our findings were generally consistent with the above-
mentioned studies, and we further provided more com-
prehensive evidence that a high CVH may improve not
only total life expectancy but also life years without CVD.
Even though health behaviors had a strong influence
on the major CVD risk factors, we still found significant
benefits of ideal health behaviors under adjustment for
CVH defined by health factors. These findings indicated
that the protection afforded by health behaviors might
involve mechanisms beyond merely optimizing levels of
cardio-metabolic factors, which further emphasized the
crucial roles of health behaviors for CVD prevention and
healthy ageing. Moreover, as for different genders, we
observed that women lived longer in general and could
gain more total life expectancy through keeping a high
CVH than men. The improvements in the proportion of
CVD-free life years, however, were similar in men and
women. This difference supported the hypothesis that the
preventive effect of high CVH on incident CVD might
be comparable across genders, while its protection from
total deaths seemed to be more remarkable in women.
Nevertheless, more research is warranted to further clar-
ify the mechanism of gender differences in the future.
This study has several strengths. First, previous stud-
ies more commonly evaluated the association of CVH
with life expectancy for individual with or without
CVD respectively, [28] or used relatively indirect meth-
ods like competing risk adjusted Cox proportional haz-
ards functions or penalized spline model combined with
Irwin restricted mean [29, 30]. With the use of MSLT,
the influences of high CVH on both morbidity (incident
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CVD) and mortality (life expectancy) were simultane-
ously considered in the current analysis, which pro-
vided a more intuitive and comprehensive estimates of
potential benefits from maintaining ideal CVH status.
Secondly, most existing studies investigated the impact
of lifestyle factors on life expectancy at an old age [31].
Our current study expanded previous findings to support
benefits of starting a healthy lifestyle early at a younger
age and further explored the association between CVH
status and CVD incidence and mortality across differ-
ent age stages. Thirdly, our study adopted the latest LE8
definition of CVH, which was more comprehensive than
previous studies, considering both health behaviors and
health factors [9]. And we modified some definitions of
LE8 components to obtain conclusions more suitable for
the Chinese population. For instance, we used the Chi-
nese criteria of BMI with lower cutting-off values instead
of the WHO criteria, since Asians generally had a higher
percentage of body fat than white people of the same age,
sex, and BMI. Other strengths included the prospective
cohort design, the large sample size, and the long-term
follow-up.

However, there were also several limitations to be
acknowledged. Firstly, information on lifestyle like
diet and physical activity was self-reported, which may
potentially suffer from misclassification and residual
confounding, leading to imprecise estimates. Given the
consistency of our primary results with time-varying sen-
sitivity analysis and previous publications, we believe that
our findings were valid and reliable in general. Secondly,
other crucial CVD risk factors like psychological status
and genetic predisposition were not evaluated due to lack
of data. More evidence on the potential effects of psycho-
logical health as well as genetic susceptibility is urgently
needed. Additionally, given the fact that the Kailuan
study only reflected the incidence and mortality of spe-
cific cohort population over a certain follow-up period,
the absolute value of life-years estimated in our study
might not be a representative statistic for the current
China. Nevertheless, the potential benefits of high CVH
on life expectancy and years lived with/without CVD
observed in the current analysis could still be generalized
to other population, since the association between CVH
and life expectancy were less likely to be distorted by the
distributions of CVH risk factors.

Conclusions

The present study indicated that maintaining a high CVH
was related to not only longer total life expectancy but
also more remaining life years lived free of CVD in the
middle-aged and elderly men and women, which pro-
vided support for promoting CVH as an important strat-
egy for CVD prevention and healthy ageing in China.
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