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Abstract
Background Healthy lifestyle behaviors (LBs) have been widely recommended for the prevention and management 
of cardiovascular disease (CVD). Despite a large number of studies exploring the association between combined LBs 
and CVD, a notable gap exists in integration of relevant literatures. We conducted a systematic review and meta-
analysis of prospective cohort studies to analyze the correlation between combined LBs and the occurrence of CVD, 
as well as to estimate the risk of various health complications in individuals already diagnosed with CVD.

Methods Articles published up to February 10, 2023 were sourced through PubMed, EMBASE and Web of Science. 
Eligible prospective cohort studies that reported the relations of combined LBs with pre-determined outcomes 
were included. Summary relative risks (RRs) and 95% confidence intervals (CIs) were estimated using either a fixed 
or random-effects model. Subgroup analysis, meta-regression, publication bias, and sensitivity analysis were as well 
performed.

Results In the general population, individuals with the healthiest combination of LBs exhibited a significant risk 
reduction of 58% for CVD and 55% for CVD mortality. For individuals diagnosed with CVD, adherence to the healthiest 
combination of LBs corresponded to a significant risk reduction of 62% for CVD recurrence and 67% for all-cause 
mortality, when compared to those with the least-healthy combination of LBs. In the analysis of dose-response 
relationship, for each increment of 1 healthy LB, there was a corresponding decrease in risk of 17% for CVD and 19% 
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Background
Cardiovascular disease (CVD) has been one of the major 
global health concerns for decades [1, 2]. In 2017, it 
was estimated that approximately 1.76  billion people 
worldwide were affected by CVD [3]. Currently, both 
high-income and low-and middle-income countries are 
witnessing an increase in disease burden associated with 
CVD morbidity and mortality [4]. The World Health 
Organization (WHO) reported that the global annual 
deaths caused by CVD are approximately 17.9  million, 
accounting for 32% of all deaths [1]. The treatment and 
management of CVD may be costly, limiting the health 
and sustainable development of every country in the 
world [5]. CVD causes annual global economic losses 
of at least one trillion dollars [6]. To date, cost-effective 
interventions and health policies are imperative to reduce 
premature mortality and treatment costs caused by CVD.

CVD is largely recognized as a preventable disease, due 
to the facts that modifiable risk factors have been shown 
to account for more than 90% of the risk of CVD [7]. 
Globally, an increasing number of healthy lifestyle behav-
iors (LBs) have been proven to be effective in preventing 
and even treating CVD. Cohort studies have shown that 
LBs such as maintaining a healthy diet, engaging in regu-
lar physical activity, maintaining a healthy body weight, 
avoiding tobacco use, getting quality sleep, and fostering 
social interactions, are cost-effective strategies for modi-
fying risk factors of CVD including dyslipidemia, high 
blood pressure, and elevated glucose levels [8–12]. The 
significant effects of healthy LBs in managing CVD are 
being increasingly confirmed and reiterated in numer-
ous literature sources. The symptoms of CVD have been 
reported to improve and lessen following regular inter-
ventions comprising dietary adjustments and physical 
exercise [13, 14]. Moreover, some prospective cohort 
studies are uncovering the benefits of the number of 
LBs in lowering the incidence, mortality, and long-term 
adverse outcomes of CVD [12, 15–19].

However, to the best of our knowledge, there is cur-
rently no comprehensive meta-analysis quantifying the 
dose-response relationships between LBs and incident 
CVD and risk of health outcomes among individuals with 
CVD. In this study, we gathered the prospective cohort 
studies of healthy LBs for prevention and treatment of 
CVD published worldwide since 1998. We hence con-
ducted a meta-analysis to evaluate the quantitative corre-
lation between LBs and the incidence of CVD and CVD 
mortality in the general population, as well as adverse 
outcomes in individuals with CVD. The current study is 
expected to provide higher-level evidence supporting the 
positive role of healthy LBs in reducing the risk of CVD 
and promoting favorable clinical treatment outcomes for 
individuals with CVD.

Methods
The current systematic review and meta-analysis was 
conducted and reported in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines (See Additional file 1) [20]. In 
drafting the abstract, we adhered to the 12-item PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) extension guidelines [21]. This meta-
analysis was registered with the International Prospective 
Register of Systematic Reviews (PROSPERO) under the 
registration number CRD42023431731.

Data source and search strategy
A comprehensive search was conducted on PubMed, 
EMBASE, and Web of Science databases up until Feb-
ruary 10, 2023, to identify relevant studies reporting on 
the association between LBs and the incidence of total or 
subtypes of CVD. The search also aimed to explore the 
risk of total or subtypes of CVD mortality, total or sub-
types of CVD recurrence, CVD mortality, or all-cause 
mortality among individuals with CVD. The search was 
limited to studies published in the English language, 

for CVD mortality within the general population. Similarly, among individuals diagnosed with CVD, each additional 
healthy LB was associated with a risk reduction of 27% for CVD recurrence and 27% for all-cause mortality.

Conclusions Adopting healthy LBs is associated with substantial risk reduction in CVD, CVD mortality, and adverse 
outcomes among individuals diagnosed with CVD. Rather than focusing solely on individual healthy LB, it is advisable 
to advocate for the adoption of multiple LBs for the prevention and management of CVD.

Trial registration PROSPERO: CRD42023431731.

Significance
The meta-analysis examined the quantitative correlation between lifestyle behaviors (LBs) and the incidence of 
cardiovascular disease (CVD) and CVD mortality in the general population, as well as adverse outcomes in CVD 
patients. The results suggest that healthy LBs are associated with substantial risk reduction in these 3 outcomes. 
Multiple LBs, instead of tackling one certain LB, should be recommended for the prevention and management of 
CVD.

Keywords Lifestyle behaviors, Cardiovascular disease, Meta-analysis
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using a combination of MeSH terms and free-text terms 
(See Supplemental Table 1 in Additional file 2). We man-
ually combed through the reference lists of the included 
articles to identify additional pertinent research. Pub-
lished systematic reviews and meta-analyses were also 
used as a data source. Two investigators (JW and YF) 
independently conducted systematic searches, screened 
the articles, and reviewed the full text of the selected 
articles. In case of any disagreement, they discussed the 
discrepancies with the senior investigator to reach a con-
sensus (YM).

Study selection
Studies were included in this meta-analysis if they met 
the following inclusion criteria: (1) prospective cohort 
study design; (2) adult population including the general 
population or individuals with CVD; (3) studies with a 
minimum follow-up duration of more than 1 year; (4) 
studies focusing on healthy lifestyle with three or more 
LBs, including those derived from the American Heart 
Association’s Life’s Essential 8 framework [22], exclud-
ing metabolic factors, such as blood lipid and glucose; (5) 
each LB in the studies was the categorical variable and 
different categories was assigned unequal value; (6) the 
studies reporting pre-determined outcomes, including 
incident of total CVD or CVD subtypes (including coro-
nary heart disease [CHD], stroke, heart failure [HF], isch-
emic heart disease [IHD] or myocardial infarction [MI]), 
total or subtypes of CVD mortality in general population, 
CVD recurrence, CVD mortality, or all-cause mortality 
among individuals with CVD; (7) the studies reported 
quantitative estimates (odds ratio [OR], risk ratio [RR], 
or hazard ratio [HR]) and their 95% confidence intervals 
(CIs), or provided sufficient data to calculate these esti-
mates. In cases where multiple publications were based 
on the same dataset, those with more complete informa-
tion were selected. Otherwise, publications that included 
the largest number of participants were selected. More-
over, reviews, comments, letters, and editorials were 
excluded from the analysis. Additionally, we excluded 
reviews, comments, letters, and editorials.

Data extraction and quality assessment
Data were extracted from published articles with the use 
of a predefined protocol. Two investigators (JW and YF) 
independently extracted the following information from 
the included studies: first author, publication year, coun-
try, cohort name, sex, mean age, duration of follow-up, 
sample size, the definitions of combination of LBs, num-
ber of cases, outcome attainment, health status, number 
of cases and person-years/number of participants per 
LB category, most adjusted risk estimates (ORs, RRs, or 
HRs) with their corresponding 95% CIs for each category 
and adjustment variables. Any disagreement was resolved 

by consensus involving a third author. For articles with 
insufficient data or unclear information, the correspond-
ing authors were contacted (at least two attempts were 
made).

The study quality of eligible prospective cohort acticles 
was evaluated using the Newcastle-Ottawa Scale [23], 
with a total score of 9 points (highest quality) for eight 
aspects, which focused on the selection of the study 
groups (4 points), the comparability of the groups (2 
points) and the ascertainment of outcome (3 points).

Definitions of LB
LB refers to health-related lifestyle behaviors [24]. Our 
study defines combined LBs as consisting of three or 
more LBs, such as smoking, drinking alcohol or drinking 
moderately, sleep, physical exercise, diet, body weight, 
etc. Importantly, all LBs are regarded as equally signifi-
cant in their contribution to overall health outcomes. A 
comprehensive LB score was obtained by assigning val-
ues to each LB. Due to the varying number of categori-
cal divisions within each LB across the eligible studies, 
there are two main scoring methodologies in our meta-
analysis: (1) studies simply classify individuals either 
exhibiting or not exhibiting a certain behavior as “1” or 
“0”. This method exists in the studies of dividing each LB 
into two categories. (2) studies assign unequal value to a 
certain behavior with different categories, in cases where 
featured LB into multiple categories. An example of this 
methodology is evident in the segmentation of physi-
cal activity into five categories, ranging from “rarely or 
never” to “4 or more times per week”, with correspond-
ing scores ranging from 0 to 4 assigned for each category. 
Due to we were unable to access the original data con-
tained within the articles, we could not differentiate the 
varying degree of effect of different LBs on the outcome, 
treating all LBs as having equal significance in their con-
tribution. Similarly, we did not prespecify cutoffs for each 
LB, instead relying on the definitions provided by the 
respective study authors. We considered the largest num-
ber of healthy LBs in the original study as “the healthiest 
combination of LBs”, and similarly considered the least 
number of healthy LBs as “the least-healthy combination 
of LBs”.

Data synthesis and analysis
Relative risks (RRs) were used as the unified effect mea-
sure to assess the association between the LBs and the 
pre-determined outcomes. In some studies, hazard ratios 
(HRs) were reported and were considered approximately 
equal to RRs in terms of measuring the association [25, 
26]. Due to the high incidence of CVD, the ORs may 
present an overestimation of the true RRs; therefore, we 
converted the ORs reported by included studies into RRs 
using a previously published correction method [27]. 
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Articles reporting data separately from different cohorts, 
or from different regions, or reporting different types 
of outcomes within an article, were treated as separate 
studies. For articles reported data separately for differ-
ent subgroups such as different sex or sub-types of out-
comes, the fixed-effect model was used to re-calculate 
risk estimates. In cases where the number of cases or 
participants in each category was not explicitly provided, 
we calculated it using the available data [28]. When the 
category with the least-healthy combination of LBs was 
not the reference category, the method of Hamling and 
colleagues was used to re-calculate the risk estimates 
[29]. When exposures were reported as a range, we took 
the midpoint value for analyses. In situations where the 
healthiest combination of LBs and the least-healthy com-
bination of LBs categories were open-ended, we followed 
a specific approach. For the least-healthy combination of 
LBs category, we defined 0 as the lower bound, while for 
the healthiest combination of LBs category, we used the 
number of LBs involved in the study as the upper bound. 
We then estimated the midpoint value accordingly to 
assigned values to these categories for the purpose of 
analysis [30].

We first used random-effects models to estimate the 
pooled RRs and 95%CIs for the healthiest versus the 
least-healthy combination of LBs and CVD incidence, 
mortality in general population, and CVD recurrence, 
CVD mortality, or all-cause mortality among individu-
als with CVD. We calculated study-specific slopes (linear 
trends) and 95% CIs from the natural logs of the reported 
RRs and CIs across categories of combination of LBs by 
using the method of Greenland [31] and the random-
effects model to pool the study-specific dose-response 
effect estimates [32]. Study-specific effect estimates were 
calculated per 1 healthy LB increament. Only studies 
with at least three levels of combination of LBs and one 
point assigned to each healthy LB of the binary categories 
were included in the dose-response analysis.

Heterogeneity was tested by Cochran Q and I2 statistics 
[33]. A p < 0.10 was considered statistically significant for 
the Q statistic. By using a cut-off of 0.10, the issue of the 
Q statistic being less effective in detecting true heteroge-
neity was addressed, and it also helped to reduce the risk 
of committing a type II error [34]. I2 values of approxi-
mately 25%, 50%, and 75% were considered to reflect low, 
moderate, and high heterogeneity, respectively. Prespeci-
fied subgroup analyses and meta-regression by sub-types 
of outcomes, continent, sex, follow-up year, average age, 
factors included in LB score (smoking, alcohol drinking, 
physical activity, diet, and body weight), adjustments 
for age, economic level, and educational level were per-
formed to access potential sources of heterogeneity. We 
also performed the sensitivity analyses by removing one 
study at a time to evaluate the robustness of the summary 

estimate. Egger’s test and funnel plot were both used to 
detect any evidence of publication bias for each meta-
analysis [35]. In case significant publication bias was 
detected, we used the trim and fill method to make the 
adjustments [36]. Subgroup analyses, sensitivity analyses, 
and publication bias assessments were not conducted if 
there were fewer than 8 cohort comparisons available.

All analyses were performed using Stata 14.0 (Stata 
Corp, College Station, TX, USA). All tests were two-
sided, with P < 0.05 considered statistically significant.

Results
Literature search and study characteristics
Literature search processes are summarized in Fig. 1. We 
identified 35,727 potential eligible articles. After remov-
ing duplicate articles (n = 6,699) and conducting titles 
or abstracts screening (n = 29,028), 364 articles were 
retrieved for critical full-text review. Finally, an overview 
of 61 articles (a total of 71 studies: 29 on CVD incidence, 
36 on CVD mortality in general population; 2 on CVD 
recurrence, 1 CVD mortality, and 3 all-cause mortal-
ity among individuals with CVD) was included in the 
meta-analysis, representing a total of 6,163,255 partici-
pants with the average age ranged from 26.5 to 72 years. 
Among these articles, 2 articles reporting data from 
various cohorts [37, 38], 2 reporting different regions 
[39, 40], and 6 reporting different outcomes [16, 18, 19, 
41–43], were treated as independent studies. The sample 
size of the cohorts ranged from 388 to 903,499, and the 
duration of follow-up ranged from 2.4 to 37 years. Geo-
graphically, 22 studies were conducted in Asia [15, 17, 19, 
40, 44–60], 25 in Europe [8, 9, 16, 38, 40, 43, 61–75], and 
24 in the United States [11, 37, 39, 41, 76–87]. 24 stud-
ies combined 5 or more main LBs [11, 18, 19, 37, 44–46, 
48, 54, 58, 59, 61, 63–65, 68, 72, 76–78, 82, 85, 86, 88], 
and 60 studies reported that combinations of LBs had 
at least 3 levels and each LB was assigned a score, which 
meet the inclusion criteria for dose–response analyses [8, 
9, 11, 15–19, 37–52, 55–60, 62, 63, 65–68, 70, 71, 73–75, 
78–81, 86–89]. Table  1 shows the main characteristics 
of the included studies and Supplemental Tables 2–4 in 
Additional file 2 show the definition and categories of 
LBs. The mean (range) quality score was 7.07, assessed 
using the Newcastle-Ottawa Scale for cohort studies (See 
Supplemental Table 5 in Additional file 2).

Association of LBs with incident CVD in general population
Twenty-nine studies (2,523,034 participants and 189,733 
cases) reported results comparing participants with 
the healthiest vs. least-healthy combination of LBs. The 
pooled RR and 95% CI was 0.42 (0.37–0.48), with high 
heterogeneity found (I2 = 92.5%, Pheterogeneity < 0.001; 
Fig.  2). Publication bias was detected using Egger’s test 
(P < 0.05). The trim-and-fill method was then conducted 
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to adjust for the asymmetry, which weakened the pro-
tection effect but left the direction unchanged (RR: 0.62; 
95% CI: 0.55–0.71; See Supplemental Fig.  1A in Addi-
tional file 2). Data from twenty-three studies (2,321,706 
participants and 144,067 cases) were included in the 
dose-response analysis of LBs and CVD. The pooled 
RR was 0.83 (95% CI, 0.80–0.85) with per 1 healthy LB 
increment, with significant heterogeneity (I2 = 96.2%, 
Pheterogeneity < 0.001; Fig. 3). We detected statistically sig-
nificant publication bias by Egger’s test (P < 0.05), with 
application of the trim and fill method, the protection 
effect did not change (RR: 0.90; 95% CI: 0.87–0.92; See 
Supplemental Fig. 1B in Additional file 2).

Considering the high heterogeneity across the included 
studies, we carried out meta-regression and subgroup 
analyses to explore the potential sources of heterogene-
ity. Meta-regression indicating that sex, adjustment for 

economic level and educational level may explain the 
high heterogeneity across studies in the healthiest vs. 
least-healthy combination of LBs (all Pregression<0.05; See 
Supplemental Table 6 in Additional file 2), and factors 
included in LB score with or without alcohol drinking 
(Pregression = 0.005) may the source of heterogeneity in the 
dose-response relationship analysis (See Supplemental 
Table 7 in Additional file 2). In overall, stable effects were 
observed in most of the subgroups except for studies 
conducted in MI (RR: 0.36; 95% CI: 0.10–1.27) and not 
included diet in LB score (RR: 0.36; 95% CI: 0.07–1.93) 
which showed that there were no associations in the 
healthiest vs. least-healthy combination of LBs analysis, 
and study not included diet in LB score (RR: 0.94; 95% 
CI: 0.84–1.05) also showed no association in the dose-
response relationship analysis (See Supplemental Tables 
6–7 in Additional file 2). The pooled estimates remained 

Fig. 1 Flowchart of article selection for the meta-analysis
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significant and stable when sensitivity analyses were per-
formed after removing one study at a time (See Supple-
mental Figs. 2–3 in Additional file 2).

Association of LBs with CVD mortality in general 
population
Figure  4 shows the association between LBs and CVD 
mortality, with a total of 3,197,553 participants and 
68,211 cases. Compared with individuals with the least-
healthy combination of LBs, those with the healthiest 
had a 55% lower risk of CVD mortality (RR 0.45, 95%CI: 
0.39–0.51; I2 = 94.4%, Pheterogeneity < 0.001). Publication 
bias was observed by the asymmetrical funnel plot and 
Egger’s test, but the result was not altered after using 
the trim- and- fill method to adjust for publication bias 
(RR: 0.45; 95% CI: 0.39–0.52; See Supplemental Fig.  4A 
in Additional file 2). 31 studies were included in the 
dose–response analysis of LBs and CVD mortality with 
2,785,902 participants and 56,034 cases (Fig.  5). The 
pooled RR per 1 healthy LBs increment was 0.81 (95% CI: 
0.78–0.84; I2 = 96.2%, Pheterogeneity < 0.001). No publication 
bias was detected by the funnel plot (See Supplemental 
Fig. 4B in Additional file 2) and Egger’s test (P = 0.375).

Meta-regression and subgroup analyses were con-
ducted to explore the potential sources of heterogeneity. 
Meta-regression indicating that adjustment educational 
level may explain the high heterogeneity across studies in 
the healthiest vs. least-healthy combination of LBs, and 
continent and factors included in combination of LBs 
with or without smoking may the additional source of 
heterogeneity in the dose-response relationship analysis 
(all Pregression<0.05; See Supplemental Tables 8–9 in Addi-
tional file 2). The findings from subgroup analyses gener-
ally supported the overall findings of the study. However, 
it is worth noting that the subgroup analysis for studies 
that did not include smoking in combination with LBs 
showed no significant association between LBs and CVD 
mortality in the analysis comparing the healthiest versus 
least-healthy combination of LBs (RR: 0.63; 95% CI: 0.38–
1.05) (See Supplemental Tables 8–9 in Additional file 2). 
The pooled estimates remained significant and stable 
when sensitivity analyses were performed after removing 
one study at a time (See Supplemental Figs. 5–6 in Addi-
tional file 2).

Association between LBs and prognosis among individuals 
with CVD
Supplemental Fig. 7 in Additional file 2 shows the asso-
ciations between LBs and CVD recurrence, CVD mor-
tality, and all-cause mortality among individuals with 
CVD. The pooled RRs comparing participants with 
the healthiest versus the least-healthy combination of 
LBs were 0.38 (95%CI: 0.25–0.58; I2 = 0.0%, Pheterogeneity 
=1.000; 4,890 participants and 623 cases) for CVD A
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recurrence and 0.33 (95%CI: 0.15–0.71; I2 = 86.4%, 
Pheterogeneity = 0.001; 465,609 participants and 13,551 
cases) for all-cause mortality. In the dose-response 
analysis of LBs and prognosis among individuals with 
CVD, the pooled RRs with per 1 healthy LB increase 
were 0.73 (95%CI: 0.66–0.80; I2 = 0.0%, Pheterogeneity 
=0.608) for CVD recurrence and 0.73 (95%CI: 0.59–
0.90; I2 = 92.1%, Pheterogeneity <0.001) for all-cause mor-
tality among individuals with CVD (See Supplemental 
Fig.  8 in Additional file 2). Due to the limited number 
of studies on CVD recurrence and all-cause mortality, 
the corresponding meta-regression, subgroup analyses, 

sensitivity analyses, and publication bias assessments 
were not performed in the current meta-analysis. In 
addition, it is noteworthy that only one study reported 
the association of LBs and CVD mortality among par-
ticipants diagnosed with CVD and hence the pooled RR 
could not be performed. In this study [18], individuals 
exhibiting the healthiest combination of LBs demon-
strated a remarkable 92% reduction in the risk of CVD 
mortality compared to those with the least-healthy 
combination of LBs. Furthermore, each incremental 
increase in healthy LBs corresponded to a 47% decrease 
in the risk of CVD mortality.

Fig. 2 Forest plot of pooled relative risk for CVD with the healthiest versus the least-healthy combination of LBs
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Discussion
The current meta-analysis gathered a total of 29 prospec-
tive cohort studies to examine the association between 
combination of LBs and CVD, 36 studies between LBs 
and CVD mortality. Meanwhile, 6 prospective cohort 
studies were gathered to examine the association of LBs 
and prognosis of individuals with CVD (2 on CVD recur-
rence, 1 on CVD mortality, and 3 on all-cause mortality). 
We provided comprehensive and quantitative estimates 
for the associations between LBs and CVD, CVD mortal-
ity, as well as adverse outcomes in CVD individuals after 
adjustment for confounding factors.

This study indicated that, individuals with the healthi-
est combination of LBs would have a 58% and 55% lower 
risk of incident CVD and CVD mortality, respectively. 
With per 1 healthy LBs increment, the risk of CVD 
and CVD mortality are decreased by 17% and 19%, 

respectively. The associations were consistent among 
populations with most diverse socioeconomic back-
grounds and baseline characteristics. Moreover, adopting 
a healthy LB was associated with a 62% and 67% lower 
risk of CVD recurrence and all-cause mortality among 
individuals diagnosed with CVD. Additionally, for each 
incremental increase in healthy LBs, the risk of CVD 
recurrence and all-cause mortality decreased by 27% and 
27%, respectively.

There has not been a meta-analytical synthesis of LBs 
with the risk of CVD, CVD mortality, and the prognosis 
of individuals with CVD to date, though several meta-
analyses addressed the associations between lifestyle 
indices and the risk of CVD and mortality. One meta-
analysis comprising five LBs (physical activity, smok-
ing, diet, alcohol consumption, and body weight) [90] 
reported consistent results with our study. It was found 

Fig. 3 Forest plot for the pooled association between per 1 healthy LB increment and CVD
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that a healthy LB was associated with a reduced risk of 
66% for CVD, 60% for stroke, and 69% for HF. Another 
meta-analysis concluded that adopting the healthy life-
style was associated with a 62% and 58% reduced risk 
for CVD and CVD mortality, and a 55–71% lower risk 
of multiple subtypes of CVDs [91]. Unlike to previous 
articles included metabolic factors such as blood lipids 

and blood glucose, our meta-analysis included prospec-
tive cohort studies purely on LBs. Additionally, our 
meta-analysis confirmed the benefits of each additional 
healthy LB increament in lowering the risk of CVD, 
CVD mortaliy, and adverse outcomes among individuals 
with CVD. Obviously, the current meta-analysis for the 
first time represented the comprehensively quantitative 

Fig. 4 Forest plot of pooled relative risk for CVD mortality with the healthiest versus the least healthy combination of LBs
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correlations between LBs and CVD and the prognosis of 
the clinical treatment of CVD.

In order to identify potential sources of heterogene-
ity, we conducted meta regression and various subgroup 
analyses on the relationships between LBs and CVD and 
CVD mortality. The results were consistent with the 
overall findings across different age groups, genders, geo-
graphic regions, and adjustment for age, ecomomic level, 
and educational level, which may have important public 
health implications, suggesting that people with different 

demographic characteristics can obtain health benefits 
by adopting LBs to achieve the purpose of preventing 
CVD. Evidence found here implied that primary health 
care service providers should prioritize the assessment of 
LBs in lowering the risk of CVD [92].

Educational level was found to be an important con-
founder in the relationship between LB and CVD mor-
bidity and mortality. Slightly different risk relative 
reductions were found in studies between adjusted 
and unadjusted educational levels of the current 

Fig. 5 Forest plot for the pooled association between per 1 healthy LB increment and CVD mortality
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meta-analysis. In general, the population with lower 
level of education showed worse adherence to healthy 
LBs. While the causes remain controversial, a significant 
proportion of previous studies have suggested that poor 
health awareness and a lack of awareness among indi-
viduals may be related to the observed correlations [51]. 
The inclusion of alcohol consumption as a LB in the LB 
score could potentially contribute to the high heteroge-
neity observed in the analysis. It is worth noting that the 
heterogeneity in subgroups that did not include alcohol 
consumption as a LB was lower than the overall hetero-
geneity in the context of CVD.

Correlations were not found between LBs and MI 
based on the included three prospective cohort studies, 
including Ford, E. S. et al. (2009) [69], Akesson, A. et al. 
(2014) [64], and Zuo, Y. et al. (2022) [15]. According to 
the included study by Cardi, M. et al. (2009) [81], a mean-
ingful finding was concluded that LBs showed no asso-
ciation with CVD when diet was not included into the 
combinations. The possible reason is that a small number 
of studies are included, which may have been underpow-
ered to detect associations with adverse outcomes [16, 
93].

Our study also added important evidence to a clinical 
issue that patients with CVD can also benefit from LBs. 
The findings showed that LBs contribute more protection 
to individuals with CVD than general population. Partici-
pants with the healthiest combination of LBs were related 
to a reduced of 62% for CVD recurrence and 67% for 
all-cause mortality among individuals with CVD. Mean-
while, the risk of CVD and CVD mortality in the general 
population decreased by 58% and 55%, respectively. The 
risk reductions indicated that LBs modifications are still 
meaningful and should be recommended for individuals 
with CVD. As shown in the study by Jeong et al. (2019) 
[94], individuals with CVD may benefit more from physi-
cal activities than the group without CVD. Re-under-
standing and evaluation of the potential value of LBs in 
the clinical treatment of CVD, basing on more clinical 
randomized controlled trials or large-scale prospective 
cohort studies, has become an urgent task for the global 
response to the increasing incidence and disease burden 
of CVD.

Our findings suggest that each additional healthy LB 
is associated with reductions ranging from 17 to 27% 
in risk of CVD, CVD mortality, and prognosis. Several 
other studies have reported the dose-response relation-
ship between LBs and CVD and its prognosis [16, 17, 37, 
42, 95]. In a study based on two large prospective Study 
(Nurses’ Health Study and Health Professionals Follow-
up Study; n = 121,700), there was a 20% stepwise risk 
reduction of CVD mortality for each additional healthy 
LB over 27 follow-up years [96]. Besides, our results 
also show that the protective effect of the healthiest 

combination of LBs on CVD and its prognosis is greater 
compared to individuals with least-healthy combina-
tion of LBs. For the individuals with the best quantified 
combination of LBs, CVD risk was reduced by 58%, CVD 
mortality was reduced by 55%, and the risk of poor prog-
nosis was reduced by 62–67%, compared with the rest 
of the population. At the same time, for each additional 
LB, the risk of CVD decreased by 17%, CVD mortality 
decreased by 19%, and the risk of CVD poor prognosis 
decreased by around 27%, respectively. This indicates 
that the healthiest combination of multiple LBs has a 
more significant protective effect than simply strengthen-
ing a LB.

How LBs affect CVD and its poor prognosis has been 
partially revealed by some previously published stud-
ies. According Warburton, D. E. R. et al. (2017) [97], 
Lloyd-Price, J. et al. (2016) [98], and Jha, P. et al. (2014) 
[99], physical activity reduce the risk of chronic diseases 
through lowering blood pressure, blood sugar and cho-
lesterol. Diet matters with the immune system and met-
abolic function by affecting the intestinal flora. While 
smoking increases the risk of adverse outcomes through 
genetic mutations has been confirmed.

Strengths and limitations
This is the first systematic review and meta-analysis 
to summarise the existing dose-response relationships 
between LBs and CVD in general population, as well as 
the risk of recurrence, mortality and all-cause mortality 
among individuals with CVD. Compared to the previ-
ous meta-analysis, this study confirmed for the first time 
that the combination of multiple healthy LBs has a more 
significant protective effect than simply strengthening a 
LB. Meanwhile, the constructions of lifestyle scores var-
ied across studies, but this study only included articles 
containing LBs and did not involve any biochemical 
attributes such as blood lipids, blood glucose and so on. 
These LBs are closely related to the primary prevention 
of CVD and the management of its prognosis and are 
more conducive to basic public health service providers 
to assess the level of healthy lifestyles in the population 
and clinicians to develop comprehensive healthy lifestyle 
intervention strategies for patients.

There are several limitations in the current meta-
analysis that have to be acknowledged. First, the study 
obtained a limited number of prospective cohort studies 
available specifically focusing on the prognosis of indi-
viduals with CVD. This limitation hindered our ability 
to perform further stratified analyses and examine the 
potential effects of LBs on improving the poor prognosis 
of CVD. Second, the LBs in all included studies were self-
reported, meaning the validity of the study may be limited 
as it can be argued that the data represent only a collec-
tion of memories or subjective perceptions of lifestyle 
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behaviors. Third, it should be noted that there is always 
the variability in the selection of confounding variables 
for adjustment across different studies. This variations 
in the choice and inclusion of confounders may have 
introduced residual confounding, which could not be 
completely ruled out. However, we conducted subgroup 
analysis based on whether common confounding fac-
tors were adjusted, and found that the most results were 
consistent with the main findings. Fourth, it is essential 
to acknowledge that the distinguishment of the priority 
of different LBs and the establishment of specific thresh-
olds or ranges for each LB were not feasible due to the 
unavailability of individual-level original data. Instead, all 
LBs are treated to have equally significant contributions 
and the division of thresholds or ranges relies exclusively 
on the definitions provided by the respective authors of 
the included studies. It is noteworthy that these method-
ologies align with established practices observed in prior 
meta-analyses in the same research domain100–102. Lastly, 
it is important to acknowledge that there was moder-
ate to high statistical heterogeneity observed in most of 
the analyses. Previous evidence has shown that there is 
substantial heterogeneity in the estimation of correla-
tion in most analyses. We performed meta regression 
and subgroup analysis to explore the sources of hetero-
geneity, the findings suggest that the composition of LBs, 
confounding factors of adjustment and sub-types of out-
comes may be the potential sources of heterogeneity.

Conclusions
LBs are associated with substantial risk reduction in 
CVD, CVD mortality, and adverse outcomes among indi-
viduals with CVD. Meanwhile, the combination of mul-
tiple healthy LBs has a more significant protective effect 
on CVD compared to merely focusing on strengthening 
a single LB. Multiple LBs, instead of tackling one certain 
LB, should be recommended for the prevention and man-
agement of CVD. With the growing incidence and bur-
den of CVD globally, there is an urgent need to pay more 
attention to the role of LBs in individuals with CVD in the 
future, providing evidence for the prevention and clinical 
treatment of adverse outcomes in patients with CVD.
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