@ E S C European Journal of Preventive Cardiology (2024) 31, 966—985 FULL RESEARCH PAPER

European Society  https://doi.org/10.1093/eurjpc/zwad405 ' '
of Cardiology P g P Cardiovascular disease

Ideal cardiovascular health and cardiovascular-
related events: a systematic review and
meta-analysis

Femke te Hoonte'!, Merve Spronk'f, Qi Sun't, Kangrui Wu', Shigi Fan?2,
Ziyi Wang', Michiel L. Bots', Yvonne T. Van der Schouw ® ', Alicia Uijl"*%,
and Robin W.M. Vernooij ® "2+

"Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht University, Universiteitsweg 100, 3584 CG, Utrecht, The Netherlands; 2Department of
Nephrology and Hypertension, University Medical Center Utrecht, Heidelberglaan 100, 3584 CX, Utrecht, The Netherlands; *Department of Cardiology, Amsterdam University Medical
Center, University of Amsterdam, Amsterdam, The Netherlands; and *Division of Cardiology, Department of Medicine, Karolinska Institute, Stockholm, Sweden

Received 26 September 2023; revised 7 December 2023; accepted 21 December 2023; online publish-ahead-of-print 27 December 2023

Aims The aim of this study was to systematically review and quantitatively summarize the evidence on the association between
Life Simple’s 7 (LS7) and multiple cardiovascular diseases (CVDs) and cardiometabolic diseases (CMDs).

Methods EMBASE and PubMed were searched from January 2010 to March 2022 for observational studies that investigated the as-
and results sociation between ideal cardiovascular health (CVH) with CVD or CMD outcomes in an adult population. Two reviewers
independently selected studies according to the eligibility criteria, extracted data, and evaluated risk of bias. Data were ana-
lysed with a random-effects meta-analysis. This meta-analysis included 59 studies (1 881 382 participants). Participants with
ideal CVH had a considerably lower risk of a variety of CVDs and CMDs as compared with those with poor CVH, varying
from 40% lower risk for atrial fibrillation (AF) {hazard ratio [HR] = 0.60 [95% confidence interval (Cl) 0.44-0.83]} to 82%
lower risk for myocardial infarction [HR = 0.18 (95% CI 0.12-0.28)]. Intermediate CVH was associated with 27-57% lower
risk in CVDs and CMDs compared with poor CVH, with the highest hazard for AF [HR = 0.73 (95% CI1 0.59-0.91)] and the

lowest hazard for peripheral arterial disease [HR = 0.43 (95% Cl 0.30-0.60)].

Conclusion Ideal and moderate CVH were associated with a lower incidence of CVDs and CMDs than poor CVH. Life Simple’s 7 holds
significant potential for promoting overall CVH and thereby contributing to the prevention of CVDs.

Lay summary  Healthy lifestyle is very important to prevent cardiovascular diseases (CVDs) and cardiometabolic diseases (CMDs), such as
diabetes and kidney diseases. Therefore, in 2010, the American Heart Association introduced Life’s Simple 7 (LS7), a scoring
system using seven lifestyle factors to measure cardiovascular health in populations, and these factors are diet, physical ac-
tivity, smoking, blood pressure, blood lipids, blood sugar, and weight. In this review, we investigated the relationship between
LS7 score and CVDs or CMDs.

Key findings e Higher Life’s Simple 7 (LS7) score, meaning a healthier lifestyle score, was related to lower risks of cardiovascular diseases
(CVDs).
e Promoting healthy lifestyle (higher LS7 score) could possibly lead to prevention of CVDs.

Keywords Life’s Simple 7 o Cardiovascular health ® Cardiovascular diseases ® Cardiometabolic diseases ® Preventive medicine ®
American Heart Association

* Corresponding author: Tel: +31 (0)887569376, Email: r.w.m.vernooij-2@umcutrecht.nl

T These authors are the first authors and contributed equally to this work.

¥ These authors are the last authors and contributed equally to this work.

© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.

202 AINF 0 U0 1SN 1yda1)N ¥28Y10lqIgS}eNSIaAIUN AQ G205 ./996/8/L €/e1IMe/odlNa /W00 dno-olwapeo.//:sd)y WOy papeojumoq


https://orcid.org/0000-0002-4605-435X
https://orcid.org/0000-0001-5734-4566
mailto:r.w.m.vernooij-2@umcutrecht.nl
https://creativecommons.org/licenses/by/4.0/

CVH and CV-related events

967

Introduction

Cardiovascular diseases (CVDs) and cardiometabolic diseases (CMDs)
are significant health problems worldwide and reported by the World
Health Organization to be the leading cause of death and disability."
Therefore, in 2010, the American Heart Association (AHA) empha-
sized that promoting ideal cardiovascular health (CVH) in the popula-
tion can be accomplished through increased emphasis on prevention,
promoting healthy behaviours, and prioritizing control of risk factors.>
Ideal CVH was defined as achieving optimal CVH for seven cardiovas-
cular (CV) risk factors: four modifiable health behaviours (no tobacco
use, healthy weight, healthy diet, and moderate physical activity) and
three health factors (normal blood pressure, blood glucose, and chol-
esterol levels). These seven metrics, also known as Life Simple’s 7
(LS7), categorize individuals into three levels: ideal, intermediate, and
poor CVH.2

To date, many observational studies reported an inverse relationship
between LS7 scores and incidence of CVDs and CMDs, indicating a
lower risk for these outcomes with higher CVH.>* Systematic reviews
in 2018 and 2023 suggested an inverse association between higher ad-
herence to ideal CVH and CVD incidence, such as coronary heart dis-
ease (CHD), myocardial infarction (MI), stroke, and CV mortality.**
This review aims to extend the previous evidence by including out-
comes that were not included in previous reviews, such as atrial fibril-
lation (AF), type 2 diabetes (T2D), chronic kidney disease (CKD), heart
failure (HF), peripheral arterial disease (PAD), stroke, and venous
thromboembolism (VTE). We hypothesize that an inverse association
also holds for these outcomes. Furthermore, we investigate the associ-
ation between number of ideal metrics and incidence of CVDs and
CMDs.

Thus, the aim of this study was to investigate the associations be-
tween meeting intermediate or ideal CVH, compared with poor
CVH, and mortality or incidence of multiple CVDs and CMDs by con-
ducting a systematic review and meta-analysis.

Methods

A priori registration

Our systematic review was registered in PROSPERO in May 2022
(CRD42022335273). This systematic review is reported using Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.®

Search methods for identification of studies

In March 2022, a systematic literature search was performed in PubMed and
Embase to identify observational studies that investigated the association
between ideal CVH and CVD and CMD outcomes. We limited our search
to studies from 2010 to 2022, as the LS7 metrics were defined by the AHA
in 2010 and did not place any language restrictions. Full electronic search
strategies are shown in Supplementary material online, Table S1.

Selection processes
Studies were included in the systematic review based on the following inclu-
sion criteria: (i) observational studies—cohort, cross-sectional, and case-
control studies—assessing the association between AHA's ideal CVH and
CV and cardiometabolic (CM) events, (i) adult population (>18 years
old), and (iii) reporting data on hazard ratios (HRs), odds ratios (ORs), or
risk ratios (RRs) with confidence intervals (Cls) for the outcome of interest.
Outcomes of interest included incidence and mortality due to CVD, includ-
ing AF, CHD, HF, MI, PAD, stroke, and VTE, and CMD (T2D and CKD).
We did not restrict our selection to the general population but also in-
cluded studies which were conducted in secondary prevention populations
(populations with participants already diagnosed with one of our outcomes
of interest) and in risk factor populations, e.g. hypertension, smokers, and
hypercholesterolaemia. Furthermore, the studies using adaptations of

LS7, for example, not comprising all metrics, were included to examine
the relationship between LS7 and one of our outcomes.

Every article was assessed independently by two authors (randomly dis-
tributed between S.F, Ft.H., KW, MS, QS., ZW.) for eligibility. First, the
title and abstract were screened for eligibility. If deemed appropriate for in-
clusion, the full text of the article was screened. Any conflicts were dis-
cussed and solved amongst the two screeners or during a group
discussion with all screeners and, when appropriate, by an adjudicator
(AU, RW.M.V.). Reasons for exclusion were recorded for the articles
screened during full-text review. The study selection process is illustrated
in a PRISMA flowchart (Figure 1).¢

Data extraction

A data collection form was developed in Excel that contained the following
variables: author, year of publication, study design, study location, study
population, follow-up time, sample size, baseline characteristics of partici-
pants (N, mean/median age, age range, sex), exposure (description of LS7
groups and the description of each LS7 metric, LS7 score range, number
of participants in each LS7 group), outcome (description of outcome, num-
ber of events, risk estimate, and Cls), which confounders the authors ad-
justed for, percentage of missing data, and whether subgroup analysis was
performed. The data from all articles were extracted by two authors;
one author first entered the data into the data collection form created in
Excel, and the second author verified its accuracy. Conflicts were solved
by discussion and, when appropriate, by an adjudicator.

Risk of bias assessment

To assess the risk of bias for each study, two reviewers graded the studies
independently using the Newcastle-Ottawa Scale (NOS) for both cohort
and cross-sectional studies.” Disagreements were resolved by third-party
decision or through consensus discussion. The number of stars in the three
domains (selection, comparability, and outcome) is summed to get a NOS
score. Based on the Agency for Health Research and Quality (AHRQ) stan-
dards, the reviewers judged the quality of the study, which was either good,
fair, or poor. Studies were assigned a poor quality when there were <1 stars
in the selection or outcome domain or O stars in the comparability domain;
a fair quality when they received 2 stars in the selection domain, <2 stars in
the comparability domain, and <3 stars in the outcome domain; and a good
quality when studies had >3 stars in selection domain, >1 stars in the com-
parability domain, and >2 stars in the outcome domain. The detailed scales
can be found in Supplementary material online, Tables S2 and S3.

Definition of ideal, intermediate, and poor
cardiovascular health

To assess the association between AHA's definition of ideal CVH and our
outcomes of interest, studies that calculated ideal CVH scores using LS7
were included. Methodological heterogeneity with respect to LS7 was iden-
tified across studies. Studies differed in the number of metrics [body mass
index (BMI), diet, smoking, physical activity, blood pressure, blood glucose,
and blood lipids] they included and also in the way they investigated CVH.
Studies could have investigated CVH in a categorized manner (e.g. ideal,
intermediate, and poor CVH), in a continuous manner (point or ideal metric
increase), or by looking at the number of metrics having an ideal level. In the
present review, we followed the definitions used by the authors of the in-
cluded papers for both describing the results and the meta-analysis. Studies
were handled as follows: (i) studies grouping 0—2, 3—4, and 5-7 ideal metrics
or grouping a LS7 score of 0—4, 5-9, and 10-14 were included into this re-
view as poor, intermediate, and ideal respectively, (i) when articles grouped
6—7 ideal metrics together and compared this to 0-2 or 0—1 ideal metrics,
we used the risk estimate of 6—7 ideal metrics as ideal and did not include an
intermediate risk estimate, and (iii) if both are not reported, RRs were cal-
culated using information from the article by combining 0-2, 3—4, and 5-7
ideal metrics to indicate poor, intermediate, and ideal CVH, respectively.
Supplementary material online, Table S4 shows how each of the included
studies categorized CVH and how we included the studies in our
meta-analysis.
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Figure 1 Flowchart of the identification of included studies in this review.

Statistical analysis

We pooled risk estimates of ideal vs. poor and intermediate vs. poor CVH
for the different outcomes using random-effects models. Furthermore, risk
estimates for one point increases in CVH or ideal metric increases in CVH
were also pooled using random-effects models. We chose the
random-effects model to meta-analyse our results because we expected
the studies to differ in participant, exposure, and outcome-characteristics.
The generic inverse variance approach has been used in the random-effects
models to calculate pooled relative effects (DerSimonian—Laird). The
between-study variance 1> and Cl were estimated using restricted max-
imum likelihood estimator and Q-profile method, respectively.? For the
sensitivity analysis, the leave-one-out method was used. Furthermore, we
assessed the effect of combining HRs/ORs/RRs by doing the analysis separ-
ately for each effect estimate.” If there were more than 10 studies in one
disease outcome, we drew a funnel plot and tested the asymmetry by using
the ‘Begg’ method to check for publication bias.'® We used the meta pack-
age in R statistical software (version 4.1.0) for the meta-analysis.

When possible, subgroup analyses were conducted for mean age (<55,
55-75, and >75 years old), proportion of women (<35%, between 35%
and 65%, and >65%), geographical area (USA, Asia, Europe, and
Australia), and follow-up time (<5, 5-15, >15 years). For all analyses

except the subgroup analyses, a P-value smaller than 0.05 was consid-
ered statistically significant; for the subgroup analyses, the P-value threshold
was 0.10."

Results

Literature search

The electronic literature search retrieved 2812 articles. After title and
abstract screening, 210 full-text articles were assessed for eligibility.
During full-text screening, 145 articles were excluded. Reasons for
exclusion based on the full-text screening were (i) study design (i.e.
conference abstracts, reviews; 61 articles), (ii) outcome (i.e. outcomes
not CVD or CMD; 50 articles), and (i) exposure measurement
(i.e. changes in CVH; 20 articles). In the end, 65 articles'>’® met the in-
clusion criteria and were included in the review (Figure 7). Of these 65
articles, 6 were only described narratively due to a lack of (statistical)
information on outcomes to calculate a pooled effect,'?>0>"236473
and 59 were in included the meta-analysis across the outcomes.
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Study characteristics

Table 1 summarizes the characteristics of the studies included. Sample
sizes ranged from 729"% to 354 976 participants.’” In total, the studies
in this review included 1 936 562 participants, of which 1 881 382 par-
ticipants were included in the meta-analysis. The mean/median age var-
ied between 24.9 and 73.8 years old. The average proportion of women
in all studies combined was 47%. Most studies (n = 35) were performed
in the USA_12:13.1516,19.21-27,29-31,33,34,41,42,45,50-57,60-63,67.70./1 Tptaan
studies were conducted in China, four in Finland, three in the UK and
South Korea, two in Australia, and one in Spain, France, and the
Netherlands. One study was conducted in multiple countries in
Europe and one in multiple countries in Europa and South America.
Six studies were cross-sectional studies,'>***>°8°%72 and the remain-
der were cohort studies. All but one?® of the included studies adjusted
for multiple a set of confounders. All—except the study previously
mentioned—adjusted for age, and the majority of the studies, including
both men and women, furthermore adjusted for sex. The study by
Guo et al>® did not adjust for sex but did include both men and wo-
men. The majority of the included studies (n = 60) was conducted in
the general population. Three of the included studies were done in a
risk factor population (chronic obstructive pulmonary disease,"” mul-
tiple risk factors,” and hypertensive individuals’®) and two in a sec-
ondary prevention population (both in individuals with CKD>"%.
The studies included in our review cover a broad range of outcomes
which were diagnosed differently across studies. Supplementary
material online, Table S5 shows how events were diagnosed across
the included studies.

Exposure measurements

Most of the studies (n = 56) included all seven metrics in their analysis.
Six studies '+ 1822444773 included only six, two studies'>?® included only
five, and one study®* included only four metrics in their analysis. Diet
was not included as a component in five studies.'>*28447 Also, glu-
cose was missing in five studies; four of these studies'>'#***? had
T2D as an outcome and therefore did not include glucose as a compo-
nent. The other study®* investigated the relationship between LS7 and
CVD mortality in patients with CKD. Next to missing the component
glucose, this study also did not have information on the metrics BMI and
cholesterol. Blood pressure was missing in the study by Ying et al,”?
which included hypertensive patients, and physical activity was missing
in the study by Gao et al..”® Smoking was included as a component in all
the studies.

The number of food groups incorporated into the diet component dif-
fered amongst studies. Six studies only incorporated salt intake as a food
group in their diet score.3>3¢%4%7476 Although sleep is not part of LS7,
two studies did incorporate sleep in their physical activity score.>*”*

Across 64 articles, the average proportion of participants with an
ideal, intermediate, and poor CVH was 18.8%, 52.1%, and 29.1%, re-
spectively. Only the study by Nayor et al.>? was not included in this
calculation because they did not share how many participants had
ideal, intermediate, or poor CVH. After pooling the studies, ideal le-
vels of the individual metrics of LS7 were achieved in 10% for diet,
28.2% for blood pressure, 36.4% for BMI, 42.3% for physical activity,
44% for cholesterol, 63.6% for smoking, and 68.3% for glucose.

Risk of bias assessment

For all 59 cohort studies, the total NOS score ranged from 6 to 9 with
an average score of 7.7 (see Supplementary material online, Table S2),
51 studies (86.4%) had a good quality, and 8 studies (13.6%) had a poor
quality and were therefore assessed to have high risk of bias. The reason
for downgrading was the outcome domain for the majority of the stud-
ies (seven out of the eight studies).?”%3¢4831:357% A|| seven articles did
not provide any information on the participants lost to follow-up.

Besides this, in six of the seven articles, the follow-up period was con-
sidered inadequate because it was shorter than the predefined period
of 5 years, and in one article, the outcome assessment was done using
self-reported data.*® One of the cohort studies was downgraded due
to the comparability domain, because it did not adjust for any
confounders.*®

For all six cross-sectional studies, the total NOS score ranged from
5 to 9 with an average score of 7.2 (see Supplementary material
online, Table $3). Three studies (50%) had a good quality according
to the AHRQ standard, one study (16.7%) was assessed as having
fair quality, and two studies (33.3%) were judged to be of poor qual-
ity. Downgrading of the studies by Aboagye-Mensah et al.” and
Gonzilez et al.** who were judged to have poor quality, was due
to the selection and outcome domain, given that the sample size was
not justified due to a lack of power calculation, and no description of
the non-respondents was provided. Furthermore, the outcome
assessment was not described or done using a non-standard
method. The article by Yang et al.”* was judged to have fair quality
due to downgrading of the selection domain; sample size was not
justified, and there was an unsatisfactory recruitment rate for the
non-respondents.

Association between ideal cardiovascular
health metrics and cardiovascular and

cardiometabolic events

There was an inverse-graded relationship between the degree of CVH
and the incidence or mortality of CVDs and CMDs (Figures 2 and 3).
Participants with ideal or intermediate CVH profiles, compared with
poor CVH, had a lower risk of developing AF [ideal HR =0.60 (95%
Cl 0.44-0.83), I = 93%; intermediate HR = 0.73 (95% Cl 0.59-0.91),
I*=90%]. The pooled HR for CKD was the second highest [ideal
HR = 0.42 (95% Cl 0.36-0.48), I* = 0%], followed by the HR for stroke
[ideal HR = 0.37 (95% CI 0.30-0.45), I* = 69%; intermediate HR = 0.65
(95% Cl 0.61-0.70), I* = 30%]. Moreover, the pooled results are ap-
proximately equal for CVD mortality [ideal HR =0.35 (95% CI 0.25—
0.48), I* = 72%; intermediate HR = 0.51 (95% Cl 0.48-0.54), I* = 0%]
and HF [ideal HR =0.33 (95% Cl 0.25-0.45), I = 93%; intermediate
HR =0.56 (95% Cl 0.49-0.63), [*=79%]. In addition, for Ml [ideal
HR=0.18 (95% Cl 0.12-0.28), I*=64%; intermediate HR =0.45
(95% ClI 0.34-0.61), I*=50%] and PAD [ideal HR =0.20 (95% Cl
0.08-0.54), I>=84%; intermediate HR =043 (95% Cl 0.30-0.60),
= 70%], we observed the strongest associations, stronger than for
T2D [ideal HR=0.27 (95% Cl 0.17-0.43), I>=82%; intermediate
HR=0.61 (95% Cl 0.51-0.74), I>=77%], CHD [ideal HR=0.28
(95% Cl 0.18-0.43), I* = 29%; intermediate HR = 0.58 (95% Cl 0.51—
0.66), = 0%], and composite of CVD events [ideal HR =0.26 (95%
Cl 0.20-0.34), I> = 92%; intermediate HR = 0.57 (95% Cl 0.50-0.64),
*=92%].

An ideal metric increase in CVH score was associated with a lower
risk for AF[HR = 0.89 (95% CI 0.82-0.96), P?= 94%]), the composite of
CVD events [HR=0.80 (95% Cl 0.76-0.84), I*=29%], and T2D
[HR=0.75 (95% Cl 0.67-0.84), I> = 74%; Figure 4].

Similar to an ideal metric increase in CVH score, a one point increase
in CVH score was associated with an 8% lower risk of AF [HR =0.92
(95% Cl 0.88-0.97), I>=95%; Figure 5]. The pooled HR of stroke
[HR =0.85 (95% Cl 0.82-0.88), I* = 90%] and the composite of CVD
[HR =0.82 (95% Cl 0.72-0.93), I* = 92%] were approximately equal.
Stronger observations were seen for PAD [HR =0.79 (95% CI 0.71—
0.87), > =85%], HF [HR=0.78 (95% Cl 0.67-0.89), I*=65%], and
MI [HR =0.75 (95% Cl 0.66-0.86), I* = 87%].

For the outcome VTE, only one article was found during the litera-
ture search.>® Both high and intermediate CVH showed a significantly
lower risk for incident VTE when compared with low CVH [ideal

202 AINF 10 U0 1SN 1yda.)N %29Y101qIgSHeNSISAIUN AQ G205 ./996/8/ L €/a1oIue/odliNe/woo"dno-olwapeo.//:sdiy WOy papeojumoq
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Reference, year Type of risk estimate Outcome 95%-Cl Weight
Atrial fibrillation

Garg et al., 2018 HR | 0.38 [0.32;0.44] 222%
Yang et al., 201772 OR —— 0.44 [0.20;0.98] 13.8%
Garg et al., 2018% OR - 068  [0.47,099] 19.9%
Ogunmoroti et al., 2018% HR L 0.73 [0.59;091] 21.7%
Lee et al., 2021+ HR 0.81 [0.73;091] 225%
Pooled effect <> 0.60 [0.44; 0.83] 100.0%
Heterogeneity: /° = 93%, t° = 0.1045, p < 0.01

Chronic kidney disease

Han et al., 2016 HR** —— 0.35 [0.19;0.65] 42.4%
Rebholz et al., 2016% RR* 0.42 [0.36; 0.49] 57.6%
Pooled effect * 0.42  [0.36;0.48] 100.0%
Heterogeneity: = 0%, = 0,p =057

Composite of CVD events

Lachman et al., 2016% HR — 007 [0.02,023] 34%
Bundy et al., 2020 RR* - 0.13 [0.11;0.16] 8.4%
Foraker et al., 20162 HR** - 0.14 [0.12;0.17] 8.4%
Perak et al., 2020% HR — 0.14 [0.09;022] 7.2%
Zhou et al., 20177 HR —— 024 [0.12;047) 59%
Wang et al., 2019% RR* * 028 [0.24,033] 85%
Folsom et al., 2011 RR* - 0.29 [0.25;0.34] 8.5%
Miao et al., 2015 HR - 0.29 [0.24;0.35] 8.4%
Ommerborn et al., 2016 HR — 0.29 [0.17;052] 6.6%
Polonsky et al., 2017° HR —— 0.33 [0.18;059] 6.4%
Peng et al., 2017 OR —— 0.34 [0.22;054] 7.2%
Dong et al., 2011% HR —— 0.41 [0.26; 0.63] 7.2%
Greenlee et al., 2017* HR - 0.50 [0.40; 0.62] 8.3%
Tsai et al., 2021% HR — 0.60 [0.29; 1.24] 56%
Pooled effect * 0.26  [0.20; 0.34] 100.0%
Heterogeneity: /° = 92%, t° = 0.2058, p < 0.01

Coronary heart disease

Lachman et al , 2016% HR —— 0.07 [0.02;0.29] 157%
Peng et al., 2017 OR —_— 0.22 [0.03;1.96] 8.1%
Gaye et al., 2017% HR —— 0.27 [0.13; 0.57] 28.6%
Polonsky et al., 2017* HR — 0.34 [0.18;0.61] 32.3%
Zhou et al., 20177 HR —— 058 [0.15,2.31] 153%
Pooled effect - 0.28 [0.18; 0.43] 100.0%
Heterogeneity: /2 = 29%, t° = 0.0058, p = 0.23

CVD mortality

Perak et al., 2020% HR —— 0.07 [0.03;0.19] 66%
Kim et al., 2013% HR —— 0.10 [0.03;0.29] 5.3%
Yang et al., 2012™ HR — 0.24 [0.13;047] 8.7%
Isiozor et al., 2019 HR = 030 [0.21,042] 11.1%
Ahmad et al, 2019' HR e 036 [0.27;048] 11.4%
Gao et al., 2020= HR —— 0.41 [0.23;0.73] 9.2%
Zhou et al., 20177 HR —_— 0.43 [0.16; 1.16] 6.2%
Artero et al., 2012 HR —&— 0.45 [0.27;0.77) 9.7%
Dong et al., 2012% HR —— 048 [0.29;080] 9.8%
Greenlee et al., 2017 HR = 0.58 [0.42;0.80] 11.2%
Liu et al., 2014+ HR - 0.61 [0.41;0.89] 10.8%
Pooled effect > 0.35 [0.25; 0.48] 100.0%
Heterogeneity: 1% = 72%, t° = 0.2124, p < 0.01

Test for subgroup differences: xi =19.58,df =4 (p <0.01)

0.1
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Figure 2 Hazard ratio [95% confidence intervals (Cls)] for cardiovascular and cardiometabolic events for ideal vs. poor cardiovascular health (CVH)
profile. Weights are from random-effects analysis. Poor CVH is used as the reference category. Cl, confidence interval; CVD, cardiovascular disease;
HR, hazard ratio; MI, myocardial infarction; OR, odds ratio; RR, risk ratio. ¥RR is calculated using data from article; therefore unadjusted. **HR is the

inverse of the HR reported in the article.

HR =0.56 (95% CI 0.38-0.82); intermediate HR = 0.62 (95% Cl 0.43—
0.89)].

In patients with COPD"? and patients with multiple risk factors like
hypertension, smoking, and overweight,*® the association between LS7
and the composite of CVD events was similar as for the general popu-
lation [5—7 ideal metrics compared with 0—1 ideal metrics HR =0.53

(95% ClI 0.21-1.36) and HR =0.34 (95% Cl 0.21-0.53), respectively].
In patients with hypertension, 5-6 ideal metrics compared with O ideal
metrics was associated with a 0.28 times lower hazard (95% Cl 0.12—
0.63) for incident stroke.”® Patients with CKD showed a reduced risk
for CVD mortality when having a high CVH compared with a low
CVH [HR =0.65 (95% Cl 0.49-0.85)].%* The hazard for progression
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Reference, year Type of risk estimate Outcome 95%-Cl Weight
Heart failure
Folsom et al., 2015% HR * 019 [0.16;022] 17.1%
Perak et al., 2020 HR e 0.19 [0.07;0.48] 8.3%
Ogunmoroti et al., 2017 HR —— 0.31 [0.19;0.49] 13.9%
Nayor et al., 201552 HR —— 0.34 [0.22;0.51] 14.5%
Spahillari et al., 2017% HR —— 0.42 [0.24,0.72] 12.9%
Uijl et al., 2019% HR = 0.45 [0.34; 0.60] 16.0%
Zhuet al., 2021™ HR 8 0.49 [0.43;0.55] 17.3%
Pooled effect > 0.33 [0.25; 0.45] 100.0%
Heterogeneity: /° = 93%, ©° = 0.1263, p < 0.01
MI mortality
Isiozor et al., 2021% HR — 0.17 [0.05; 053] 27.5%
Kim et al,, 20214 HR 0.70 [0.63;0.78] 72.5%
Pooled effect ~———— 0.39 [0.10; 1.53] 100.0%
Heterogeneity /1% = 82%, =* = 0.8187, p = 0.02
Myocardial infarction
Perak et al., 2020 HR — 0.08 [0.04;0.17] 18.1%
Dong et al., 2012 HR — 0.16 [0.05;0.52] 11.1%
Mok et al., 2018% HR = 0.16  [0.12;0.22) 26.5%
Miao et al., 2015% HR - 0.26 [0.18;0.38] 25.2%
Isiozor et al., 2019% HR —=— 0.29 [0.15;0.57] 19.2%
Pooled effect - 0.18 [0.12; 0.28] 100.0%
Heterogeneity: 1 = 64%, ©2 = 0.1471, p =003
Peripheral arterial disease
Garg et al , 2018 HR E— 0.09 [0.09; 0.22] 43.3%
Unkart et al., 2019%" HR —_— 0.24 [0.10; 0.59] 27.6%
Wang et al., 2020% OR —&— 046  [0.20;1.07] 29.1%
Pooled effect —— 0.20 [0.08; 0.54] 100.0%
Heterogeneity: 12 = 84%, % = 0.6006, p<0.01
Stroke
Lachman et al., 2016% HR e 016  [0.02;1.37] 1.9%
Zhou et al., 2017™ HR —_— 0.17 [0.08;0.38] 7.0%
Perak et al., 2020% HR —— 0.19 [0.08;0.42] 6.6%
Guo et al,, 2016% OR*™ —_— 023 [0.08;061] 54%
Miao et al., 20154 HR - 0.30 [0.24;0.37] 11.4%
Zhang et al., 2013™ RR* - 0.30 [0.23;0.40] 11.0%
Ahmed et al., 2020 HR —_ 0.39 [0.25;061] 9.7%
Dong et al., 2012* HR e 043 [0.21;091] 7.3%
Gaye et al., 2017*2 HR — 045 [0.20;1.03] 6.7%
Caoetal., 20217 HR - 0.48 [0.43; 053] 11.8%
Isiozor et al., 2021 HR - 0.50 [0.39;064] 11.2%
Kulshreshtha et al., 20134 HR —-— 0.52 [0.35;0.76] 10.2%
Pooled effect * 0.37 [0.30; 0.45] 100.0%
Heterogeneity: 1 = 69%, v = 0.0595, p < 0.01
Type 2 diabetes
Fretts et al., 2014% HR —— 0.11 [0.05;0.21] 158%
Joseph et al., 20164 HR - 025 [0.18;0.35] 225%
Climie et al., 2019*® HR —&— 0.28 [0.14,0.56] 16.2%
Joseph et al., 20194 RR = 0.29 [0.20;0.41] 221%
Effoe et al., 20172 HR . 3 051  [0.39;068] 234%
Pooled effect - 0.27  [0.17;0.43] 100.0%
Heterogeneity: = 82%, % = 0.2066, p <0.01

— rrrr 1

Figure 2 Continued

to end-stage renal disease in CKD patients was 0.52 (95% CI 0.27-0.98)
for 4 compared with 01 ideal metrics.>' No events occurred in the
highest group of ideal metrics (5-7).

Subgroup analysis

All significant subgroup analyses are shown in Supplementary material
online, Figures S1-S4. Younger participants (<55 years) had a lower risk
for incident CVDs and CMDs compared with older participants for the

outcomes AF, composite of CVD events, CVD mortality, HF, MI, Ml
mortality, PAD, stroke, and T2D. There is a statistically significant quan-
titative subgroup effect for region for stroke comparing ideal (P < 0.01)
and intermediate (P < 0.01) CVH with poor CVH. Heterogeneity was
decreased (ideal: studies in USA [*=57%, studies in Europe 1> =0%,
and studies in Asia I* = 0%; intermediate: studies in USA I* = 27%, stud-
ies in Europe > =22%, and studies in Asia [*=0%). In Asian studies,
ideal and intermediate CVH compared with poor CVH showed the
greatest risk reduction for incident stroke [ideal HR =0.29 (95% CI
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Reference, year Type of risk estimate Outcome 95%-Cl Weight
Atrial fibrillation

Yang et al., 201772 OR — 041 [0.22,0.79] 7.0%
Garg et al., 2018 HR = 0.59 [0.51; 0.67] 25.4%
Garg et al., 2018% OR —& 078 [0.55;1.09] 15.2%
Ogunmoroti et al., 2018% HR = 0.85 [0.71;1.00] 23.7%
Lee et al., 2021+ HR 0.90 [0.86; 0.94] 28.7%
Pooled effect - 0.73 [0.59; 0.91] 100.0%
Heterogeneity: /° = 90%, t° = 0.0449, p < 0.01

Composite of CVD events

Perak et al., 2020% HR —=— 0.42 [0.31;0.57] 9.0%
Bundy et al., 2020 RR* 0.44 [0.42;0.46] 15.2%
Miao et al., 2015 HR *= 056  [0.48;066] 12.9%
Folsom et al., 2011 RR* 0.57 [0.54; 0.61] 15.0%
Zhou et al., 20177 HR — 0.59 [0.33; 1.04] 4.3%
Polonsky et al., 2017 HR = 0.63 [0.51;0.78] 11.4%
Wang et al., 2019% RR* 063 [0.59;068] 14.8%
Peng et al., 20175 OR = 067 [0.56; 0.81] 12.2%
Tsai et al., 2021% HR —r 0.84 [0.51;1.39] 5.2%
Pooled effect * 0.57 [0.50; 0.64] 100.0%
Heterogeneity: /2 = 92%, t° = 0.0237, p < 0.01

Coronary heart disease

Zhou et al., 20177 HR e 0.42 [0.10; 1.84] 2.7%
Polonsky et al., 2017% HR k3§ 0.54 [0.44; 0.66] 35.9%
Peng et al., 2017%° OR — 0.55 [0.39;0.77] 24.9%
Gaye et al., 20173 HR = 063 [0.52;0.77] 36.4%
Pooled effect * 0.58 [0.51; 0.66] 100.0%
Heterogeneity: F=0%,¢= 0,p=070

CVD mortality

Artero et al., 2012 HR —_— 0.37 [0.15;0.95] 5.5%
Perak et al., 2020% HR —&— 0.40 [0.26; 0.61] 17.2%
Zhou et al., 201778 HR —_— 050 [0.19;1.31] 5.0%
Ahmad et al., 2019 HR 051  [0.48;0.54] 40.5%
Isiozor et al., 2019 HR - 0.57 [0.47,0.70] 31.8%
Pooled effect ¢ 0.51 [0.48; 0.54] 100.0%
Heterogeneity: = 0%, = 0,p =058

Heart failure

Folsom et al., 2015%# HR L 0.45 [0.40; 0.51] 17.9%
Perak et al., 2020% HR — 0.47 [0.26;0.85] 5.4%
Uijl et al., 2019% HR = 0.53 [0.44,064] 157%
Ogunmoroti et al., 20175 HR —— 0.55 [0.40; 0.75] 11.3%
Spahillari et al., 2017% HR - 0.57 [0.43;0.76] 12.2%
Zhu et al,, 20217 HR 0.60 [0.56; 0.65] 19.1%
Nayor et al., 201582 HR = 068 [0.61,0.75] 184%
Pooled effect * 0.56 [0.49; 0.63] 100.0%
Heterogeneity: I° = 79%, t° = 0.0188, p < 0.01

Myocardial infarction

Perak et al., 2020% HR —=— 032 [0.21;0.48] 29.0%
Isiozor et al , 2019 HR - 0.52 [0.37;0.73] 35.5%
Miao et al., 20154 HR —= 0.52 [0.37;0.73] 35.5%
Pooled effect - 0.45 [0.34; 0.61] 100.0%
Heterogeneity: 1° = 50%, t° = 0.0334, p = 0.14 ; : |
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Figure 3 Hazard ratio [95% confidence intervals (Cls)] for cardiovascular and cardiometabolic events for intermediate vs. poor cardiovascular health
(CVH) profile. Weights are from random-effects analysis. Poor CVH is used as the reference category. Cl, confidence interval; CVD, cardiovascular
disease; HR, hazard ratio; MI, myocardial infarction; OR, odds ratio; RR, risk ratio. *RR is calculated using data from article; therefore unadjusted.

**OR is the inverse of the OR reported in the article.

0.25-0.34); intermediate HR = 0.61 (95% Cl 0.55-0.66)]. For the out-
come composite of CVD events, there was a significant subgroup effect
of geographical region for ideal compared with poor CVH only (P=
0.10). However, the HRs among the different regions were similar,
and heterogeneity only decreased among Asian studies (I = 31%).

Sensitivity analyses

Only combining studies that report the same effect estimate (HR/OR/
RR) did not alter our results (see Supplementary material online, Figures
$5-58). Furthermore, no apparent changes in the pooled HR were ob-
served when individual studies were left out in the leave-one-out
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Reference, year Type of risk estimate Outcome 95%-Cl Weight
Peripheral arterial disease
Garg et al., 2018* HR = 0.36 [0.34;, 0.56] 51.8%
Unkart et al., 20198 HR — 0.51 [0.38; 0.66] 48.2%
Pooled effect —~eaufiie=— 0.43  [0.30; 0.60] 100.0%
Heterogeneity: I° = 70%, t° = 0.0426, p = 0.07
Stroke
Perak et al., 2020% HR — 0.51 [0.30;0.87] 51%
Miao et al., 2015* HR —— 0.57 [0.48; 0.69] 13.3%
Zhou et al, 2017™ HR —_— 0.58 [0.32;1.08] 4.2%
Ahmed et al., 2020™ HR —F 0.59 [0.47;0.73] 121%
Zhang et al., 2013™ RR* - 0.62 [0.56; 0.69] 15.5%
Isiozor et al., 20213 HR —— 0.66 [0.53;0.83] 12.0%
Caoetal, 20217 HR = 0.69 [0.65;0.73] 16.4%
Kulshreshtha et al., 20134 HR — 0.73 [0.55; 0.96] 10.3%
Gaye etal, 2017* HR — 0.82 [0.64;1.06] 11.1%
Pooled effect * 0.65 [0.61;0.70] 100.0%
Heterogeneity: I = 30%, t° = 0.0033, p = 0.18
Type 2 diabetes
Fretts et al., 2014% HR —_— 0.40 [0.29; 0.56] 12.6%
Aboagye-Mensah et al., 2020 OR _— 0.52 [0.34;0.80] 9.6%
Climie et al., 2019* HR = 0.55 [0.48;0.64] 20.3%
Joseph et al.,, 2016% HR —— 0.66 [0.54;0.80] 18.1%
Joseph et al., 2019+ RR = 070 [062;0.79] 21.2%
Effoe et al., 20172 HR —i— 0.82 [0.67;0.99] 18.1%
Pooled effect _ " - 061  [0.51;0.74] 100.0%

i ‘= 9, =
Heterogeneity: /° = 77%, 1~ = 0.0416, p < 0.01
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Figure 3 Continued

analysis, indicating that none of the included studies had a large influen-
tial effect on the pooled effect estimate (see Supplementary material
online, Figures $9-S12). The Begg tests for the association between
ideal (compared with poor) CVH and composite of CVD events,
CVD mortality, and stroke were all non-significant (P=0.55, P=
0.07, and P=0.49), but the funnel plots showed some asymmetry
(see Supplementary material online, Figure 13), indicating a possibility
of publication bias.

Discussion

The findings of this review and meta-analysis, including 1 881 382 par-
ticipants, suggest that LS7 has a graded relationship with CVD and
CMD risk. Participants with ideal CVH have a considerably lower risk
of a variety of CV and CM events as compared with those with poor
CVH, varying from 40% lower risk for AF to 82% lower risk for Ml.
Having an intermediate CVH profile led to 27-57% lower risk of
CVDs and CMDs compared with a poor CVH profile, with the lowest
risk reduction for AF and the highest risk reduction for PAD.
Furthermore, the one point and one ideal metric increase also led to
11-25% and 8-25% lower risk of incident CV and CM events, respect-
ively. Although results could not be pooled, similar trends were seen
among risk factor and secondary prevention populations.

Expanding and confirming results of

existing studies

This systematic review expands the current evidence towards the im-
portance of promoting ideal CVH to prevent CVDs and CMDs. To our
knowledge, this is the most comprehensive meta-analysis with the lar-
gest sample size, including various CVDs and CMDs, with a rigorous
systematic review methodology.

In the previous systematic review and the meta-analysis published in
2018, Ramirez-Vélez et al.* found that achieving a greater number of
ideal or intermediate CVH metrics was associated with a 31-77% low-
er incidence of different CVDs (stroke, Ml, incident HF, VTE, CHD, and
a composite variable of CVD events) in 210 443 participants. In the pre-
sent study, these positive findings have been confirmed and expanded
by including more studies and additional outcomes to provide an over-
view of the available evidence regarding the association between ideal
CVD and CVDs and CMDs. This review, including 59 studies and com-
bined 1881 382 participants, expanded the CVD and CMD outcomes
to include AF, T2D, CVD mortality, CKD, and PAD and described the
association between these and ideal CVH. Furthermore, we also
grouped studies reporting an ideal metric or point increase in CVH
score to identify the dose-dependent association shown in many previ-
ous studies and found a graded association between the ideal metric in-
crease and point increase in CVH score and lower incidence of CVDs
and CMDs.

In another systematic review, published in 2023, Radovanovic et al.®
included 22 studies and found that higher adherence to ideal CVH was
associated with a 62-82% lower incidence of different CVDs (compos-
ite CVD, CHD, MI, and stroke). Both systematic reviews highlighted
that promoting intermediate CVH as a short-term goal may be benefi-
cial in the primary prevention of CVD. Ramirez-Vélez et al.* reported
that achieving intermediate CVH was associated with a 55%, 46%,
42%, 51%, 31%, and 44% lower incidence of composite CVD, M|,
stroke, HF, VTE, and CHD, respectively. Likewise, Radovanovic et al®
reported that achieving intermediate CVH was associated with a
39%, 37%, 30%, and 49% lower incidence of composite CVD, M,
stroke, and CHD, respectively. In our study, we similarly found that
achieving intermediate CVH was associated with a 43%, 55%, 35%,
44%, and 42% lower incidence of composite CVD, M|, stroke, HF,
and CHD, respectively. In addition, we also showed that the one point
increase in LS7 score also led to 18%, 25%, 15%, and 22% lower risk of
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Reference, year Type of risk estimate Outcome 956%-Cl Weight
Atrial fibrillation
Yang et al., 20177 OR — 0.78 [0.62;0.98] 12.8%
Garg et al., 2018% HR 0.83 [0.81,0.86] 29.7%
Garg et al., 2018% OR . 093 [0.87;099] 27.4%
Lee et al,, 2021% HR 095 [0.93;0.97] 30.1%
Pooled effect - 0.89 [0.82; 0.96] 100.0%
Heterogeneity: 1° = 94%, * = 0.0052, p < 0.01
Composite of CVD events
Gaye et al., 2017% HR - 0.78 [0.72;0.84] 34.4%
Peng et al., 2017%= OR . 0.79 [0.73,0.84] 352%
Xanthakis et al., 2014™ HR —== 087 [0.78,0.97] 30.3%
Pooled effect _ . <> 0.80 [0.76; 0.84] 100.0%
Heterogeneity: /“ = 29%, t“ = < 0.0001, p = 0.25
Type 2 diabetes
Aboagye-Mensah et al., 20202 OR — 0.66 [0.52;0.85] 13.3%
Joseph et al., 2016+ RR - 071  [0.86;0.76] 30.6%
Climie et al., 2019'® HR - 0.73 [0.68; 0.78] 30.8%
Effoe et al., 20172 HR — 0.89 [0.79; 1.00] 25.3%
Pooled effect —— 0.75 [0.67:0.84] 100.0%
Heterogeneity: 1° = 74%, <> = 0.0100, p < 0.01
T 1
0.75 ] 1.5

Figure 4 Hazard ratio [95% confidence intervals (Cls)] for cardiovascular and cardiometabolic events per ideal metric increase in cardiovascular
health (CVH) score. Weights are from random-effects analysis. Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; OR, odds ratio.

incident composite CVD, MI, stroke, and HF events, respectively.
Moreover, an ideal metric increase also led to 20% lower risk of inci-
dent composite CVD events. This inverse association between a one
point or one ideal metric increase and CVD incidence for various out-
comes supports the hypothesis that even minor adjustments to the
ideal CVH can enhance the primary prevention of CVDs.

In contrast to previous reviews, we did not pool the effect estimates for
different CVD and CMD outcomes, as the high heterogeneity between dif-
ferent outcomes could hamper drawing conclusions.”” We conducted
subgroup analyses to explore sources of heterogeneity, although not all
heterogeneity could be explained by our subgroups. There may be several
reasons for this. Almost all included studies adjusted for age and sex, and
many of these studies adjusted for additional potential confounders such as
education, socioeconomic status, and alcohol consumption. Nevertheless,
the possibility of some unmeasured or residual confounding cannot be ru-
led out.’ To preserve the causal design of the study, we included the result
of the final model adjusted for all available confounders, as, a consequence,
it was not possible to run subgroup analyses for all available confounders.
Furthermore, the different definitions of LS7 used across the included
studies and differences in the way outcomes were diagnosed could also
be sources of heterogeneity. To decrease the source of heterogeneity, in-
dividual patient data meta-analysis can be performed in the future to fur-
ther elaborate on the influence of patient characteristics on the CVD and
CMD outcomes.

Implication of cardiovascular health status

Our systematic review and meta-analysis included studies from various di-
verse populations and showed that the concept of ideal, intermediate, and
poor CVH assessed by the combination of health behaviours (diet quality,
physical activity, weight, and current smoking) and health factors (total
cholesterol, blood pressure, and fasting plasma glucose) is a powerful
and feasible way to identify individuals at various low, intermediate, and
high risk of a broad variety of CV conditions. Since we have shown that
LS7 relates to a variety of CV outcomes, this suggests that assessment
of CVH may help to achieve the AHA’s new mission and 2030 Impact

Goal on healthy life expectancy regardless of race and ethnicity, economic
status, or other demographic or geographic characteristics.”®

Beyond Life’s Simple 7: Life’s Essential 8

During the conduct of this systematic review, a publication of the AHA
became available introducing Life’s Essential 8 (LE8) as an updated LS7
version, which modified the quantifications of the measurements in
each original LS7 metric and added sleep as the eighth component to
the final score.”” The variability in the measurement of the dietary com-
ponent across the studies included in our systematic review supports that
the LS7 dietary component is difficult to apply in research settings and that
the new dietary assessment in LE8 scoring may be more appropriate, as it
allows for the population-level assessment using the Dietary Approaches
to Stop Hypertension (DASH) diet score.”’ The use of quantiles can make
it possible to assess the overall diet score, even if some measurements are
incomplete or measured differently than the original definition. Moreover,
many of the studies in our systematic review used different definitions to
calculate ideal CVH, such as ideal point increase and ideal metric increase;
therefore it is conceivable that the novel quantitative assessment of LE8
scoring can be more universally applied and will be more useful for com-
paring studies.

To date, six articles reported the relationship between LE8 and the
incidence or mortality of CV-related events.2>®* These results demon-
strated a significantly inverse relationship between LE8 scores and inci-
dence or mortality of CV and CM events. In the future, it would be of
interest to conduct a meta-analysis of the association between LE8 and
CVDs and CMDs to deepen our understanding on how the updated
LE8 concept could improve CVD and CMD prevention.

Strengths and limitations

Our systematic review has important strengths. First, we implemented
a comprehensive search in the two largest search engines for nine dif-
ferent outcomes to enlighten the relationship between LS7 and many
different CVDs and CMDs. We also included studies in the risk and sec-
ondary prevention populations.
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Reference, year Type of risk estimate

Outcome 95%-Cl Weight

Atrial fibrillation

Garg et al,, 2018%® HR
Garg et al., 2018% OR
Lee et al., 2021+ HR
Pooled effect

Heterogeneity: I° = 95%, ©° = 0.0019, p < 0.01

Composite of CVD events

Perak et al., 2020% HR —
Miao et al., 2015% HR

Xanthakis et al., 2014™ HR

Pooled effect

Heterogeneity: I° = 92%, ©° = 0.0120, p < 0.01

088  [0.86;0.89] 33.9%
[0.91;0.99] 32.1%
095 [0.94,097) 34.0%
- 092  [0.88;0.97] 100.0%

073  [068;077] 322%
. 082 [0.80;0.84] 36.1%
e 092 [0.86,098] 318%
—EE— 0.82  [0.72;0.93] 100.0%

Heart failure

Perak et al., 2020% HR — s 0.72 [0.64,0.82] 47.6%
Nayor et al., 201552 HR R — 083  [0.75;093] 52.4%
Pooled effect ~—eni— 0.78  [0.67;0.89] 100.0%
Heterogeneity I° = 65%, <~ = 0.0066, p = 0.09

Myocardial infarction

Perak et al., 2020% HR — 0.70 [0.64;0.76] 451%
Miao et al., 2015% HR 0.80 [0.77,0.83] 54.9%
Pooled effect —eoEfien=— 0.75 [0.66; 0.86] 100.0%

Heterogeneity: I° = 87%, ©° = 0.0078, p < 0.01

Peripheral arterial disease

Garg et al., 2018%" HR 075 [0.72,0.79] 51.3%
Unkart et al., 2019 HR e 083 [0.78,0.88] 48.7%
Pooled effect g 079  [0.71; 0.87] 100.0%
Heterogeneity: I = 85%, 1 = 0.0044, p < 0.01
Stroke
Foraker et al, 2016% HR e 076 [0.69;083] 9.8%
Perak et al., 2020% HR — 077 [0.70;0.86] 9.3%
Miao et al., 2015% HR * 082 [0.81;084] 129%
Ahmed et al., 2020 HR —— 084 [0.79,089] 115%
Isiozor et al., 20213 HR e 086 [0.81;090] 11.8%
Pase et al., 2016¥ HR —— 087 [0.78;097] 9.0%
Gonzalez et al., 2016% OR —a— 088 [0.81;095 105%
Cao etal,, 20217 HR 089 [0.88,090] 13.0%
Kulshreshtha et al., 2013 HR - 092 [088,095 123%
Pooled effect _ . < 0.85 [0.82; 0.88] 100.0%
Heterogeneity: I~ = 90%, t~ = 0.0026, p < 0.01 ;

0.75 1 1.5

Figure 5 Hazard ratio [95% confidence intervals (Cls)] for cardiovascular and cardiometabolic events per point increase in cardiovascular health
(CVH) score. Weights are from random-effects analysis. Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; OR, odds ratio.

Nonetheless, the results presented in this review must be inter-
preted with caution, and a number of limitations should be borne in
mind. Although all of the following limitations may affect the results
of this review, they are not strictly methodological limitations, but lim-
itations on the comparability of the papers we have included. First,
there were not enough studies in the risk and secondary prevention
group to conduct meta-analyses. However, the dose-dependent rela-
tionship between ideal CVH and reduced number of events was ob-
served in all studies.'®20->0>1.6473 Second, not all studies used the
same definition or measurement of the LS7 metrics. Nevertheless,
the majority of the studies used a similar approach (i.e. based on
the number of ideal CVH metrics, participants were categorized
into three groups: poor CVH group (participants with 0-2 ideal
CVH metrics, used as the reference group), intermediate CVH group
(participants with 3 and 4 ideal CVH metrics), and ideal CVH
group (participants with 5-7 ideal CVH metrics). Third, although
most of the studies reported HRs as effect estimates, some studies

reported different effect estimates such as ORs and
RRs.12:162329.3335.41.42,58.62,68.69.72.74 Therefore, we pooled different
effect measures such as HRs, RRs, and ORs together and used a
random-effects model assuming underlying variation of true effect be-
tween studies.®® Besides that, due to the very low number of cross-
sectional studies, we analysed them together with cohort studies.
Fourth, many of the included studies had different diagnostic criteria
and different outcome definitions or diagnostic pathways for these out-
comes. This may have contributed to the high rates of heterogeneity in
the meta-analyses; however, the effect estimates of most studies show
similar results (i.e. higher CV risk for lower CVH). Fifth, for many out-
comes, the studies were not evenly distributed between the subgroups
and there were less than ten studies; therefore, our subgroup effects
may be biased.""® For example, there were not enough studies to
draw robust conclusions across geographical regions. However, we
did find that the association between ideal and intermediate CVH and
risk of stroke was stronger in studies from Asia.

202 AINF 10 U0 1SN 1yda.)N %29Y101qIgSHeNSISAIUN AQ G205 ./996/8/ L €/a1oIue/odliNe/woo"dno-olwapeo.//:sdiy WOy papeojumoq



CVH and CV-related events

983

Conclusions

This review shows compelling evidence of the association between
LS7 across the spectrum of CVDs and CMDs. Individuals with ideal
CVH had a substantial reduction in the risk of CVDs and CMDs, ran-
ging from a 40% lower risk for AF to 82% lower risk for MI. Some of
the outcomes had high levels of heterogeneity; this could be due to
differences in how the concept LS7 was scored or how the outcome
was diagnosed. Nonetheless, these findings underscore the potential
of LS7 as a tool to enhance overall CVH and the prevention of
CVDs and CMDs.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology.

Author contribution

S.F,FtH, KW, MS., Q.S., and Z.W. drafted the work and undertaken the
statistical analyses. F.t.H., M.S., and Q.S. were involved in writing the manu-
script. M.L.B, Y.T.V.d.S, AU, and RW.M.V. were involved in the revision of
the manuscript. All gave final approval and agree to be accountable for all
aspects of work ensuring integrity and accuracy.

Funding

This research received no specific grant from any funding agency in the pub-
lic, commercial, or not-for-profit sectors.

Conflict of interest: none declared.

Data availability

All data are extracted from published original articles and in some cases
through correspondence with the authors. Our data set is available upon
request.

References

1. Cardiovascular diseases (CVDs). http:/www.who.int/mediacentre/factsheets/fs317/en/
(3 April 2023).

2. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L, et al.
Defining and setting national goals for cardiovascular health promotion and disease re-
duction. Circulation 2010;121:586-613.

3. Younus A, Aneni EC, Spatz ES, Osondu CU, Roberson L, Ogunmoroti O, et al. A sys-
tematic review of the prevalence and outcomes of ideal cardiovascular health in US and
non-US populations. Mayo Clin Proc 2016;91:649-670.

4. Ramirez-Vélez R, Saavedra |M, Lobelo F, Celis-Morales CA, Pozo-Cruz BD,
Garcia-Hermoso A. Ideal cardiovascular health and incident cardiovascular disease
among adults: a systematic review and meta-analysis. Mayo Clin Proc 2018;93:
1589-1599.

5. Radovanovic M, Jankovic J, Mandic-Rajcevic S, Dumic |, Hanna RD, Nordstrom CW.
Ideal cardiovascular health and risk of cardiovascular events or mortality: a systematic
review and meta-analysis of prospective studies. | Clin Med 2023;12:4417.

6. Page M), McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Int |
Surg 2021;88:105906.

7. Oxford. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrando-
mised studies in meta-analyses. https:/www.ohri.ca/programs/clinical_epidemiology/
oxford.asp (28 October 2022)

8. Hardy RJ, Thompson SG. A likelihood approach to meta-analysis with random effects.
Stat Med 1996;15:619-629.

9. Deeks ), Higgins JPT, Altman DG, Higgins JPT, Thomas ], Chandler J, et al. Cochrane
handbook for systematic reviews of interventions. 2nd Edition. Chichester (UK): John
Wiley & Sons; 2019. p278-279.

10. Deeks JJ, Macaskill P, Irwig L. The performance of tests of publication bias and other
sample size effects in systematic reviews of diagnostic test accuracy was assessed.
J Clin Epidemiol 2005;58:882-893.

11. Richardson M, Garner P, Donegan S. Interpretation of subgroup analyses in systematic
reviews: a tutorial. Clin Epidemiol Glob Health 2019;7:192-198.

12. Aboagye-Mensah EB, Azap RA, Odei |B, Gray DM Il, Nolan TS, Elgazzar R, et al. The
association of ideal cardiovascular health with self-reported health, diabetes, and adipos-
ity in African American males. Prev Med Rep 2020;19:101151.

13. Ahmad MI, Chevli PA, Barot H, Soliman EZ. Interrelationships between American Heart
Association’s Life’s Simple 7, ECG silent myocardial infarction, and cardiovascular mor-
tality. | Am Heart Assoc 2019;8:e011648.

14. Ahmed A, Pinto Pereira SM, Lennon L, Papacosta O, Whincup P, Wannamethee G.
Cardiovascular health and stroke in older British men: prospective findings from the
British Regional Heart Study. Stroke 2020;51:3286-3294.

15. Artero EG, Espafia-Romero V, Lee D-C, Sui X, Church TS, Lavie CJ, et al. Ideal cardio-
vascular health and mortality: Aerobics Center Longitudinal Study. Mayo Clin Proc 2012;
87:944-952.

16. Bundy ]JD, Ning H, Zhong VW, Paluch AE, Lloyd-Jones DM, Wilkins |T, et al.
Cardiovascular health score and lifetime risk of cardiovascular disease: the cardiovascu-
lar lifetime risk pooling project. Circ Cardiovasc Qual Outcomes 2020;13:€006450.

17. Cao Z, Li S, Yang H, Xu C, Zhang Y, Yang X, et al. Associations of behaviors, biological
phenotypes and cardiovascular health with risks of stroke and stroke subtypes: a pro-
spective cohort study. EClinicalMedicine 2021;33:100791.

18. Climie RE, van Sloten TT, Périer M-C, Tafflet M, Fayosse A, Dugravot A, et al. Change in
cardiovascular health and incident type 2 diabetes and impaired fasting glucose: the
Whitehall I Study. Diabetes Care 2019;42:1981-1987.

19. Crisan LL, Lee HM, Fan W, Wong ND. Association of cardiovascular health with mor-
tality among COPD patients: National Health and Nutrition Examination Survey IIl.
Respir Med Res 2021;80:100860.

20. Diez-Espino J, Buil-Cosiales P, Babio N, Toledo E, Corella D, Ros E, et al. Impact of Life’s
Simple 7 on the incidence of major cardiovascular events in high-risk Spanish adults in
the PREDIMED study cohort. Rev Esp Cardiol (Eng Ed) 2020;73:205-211.

21. Dong C, Rundek T, Wright CB, Anwar Z, Elkind MSV, Sacco RL. Ideal cardiovascular
health predicts lower risks of myocardial infarction, stroke, and vascular death across
whites, blacks, and hispanics: the Northern Manhattan Study. Circulation 2012;125:
2975-2984.

22. Effoe VS, Carnethon MR, Echouffo-Tcheugui JB, Chen H, Joseph JJ, Norwood AF,
et al. The American Heart Association ideal cardiovascular health and incident type 2 dia-
betes mellitus among blacks: the Jackson Heart Study. | Am Heart Assoc 2017;6:¢005008.

23. Folsom AR, Yatsuya H, Nettleton JA, Lutsey PL, Cushman M, Rosamond WD. Community
prevalence of ideal cardiovascular health, by the American Heart Association definition,
and relationship with cardiovascular disease incidence. | Am Coll Cardiol 2011;57:
1690-1696.

24. Folsom AR, Shah AM, Lutsey PL, Roetker NS, Alonso A, Avery CL, et al. American heart
Association’s Life’s Simple 7: avoiding heart failure and preserving cardiac structure and
function. Am | Med 2015;128:970-976.e2.

25. Foraker RE, Greiner M, Sims M, Tucker KL, Towfighi A, Bidulescu A, et al. Comparison
of risk scores for the prediction of stroke in African Americans: findings from the
Jackson Heart Study. Am Heart | 2016;177:25-32.

26. Foraker RE, Abdel-Rasoul M, Kuller LH, Jackson RD, Van Horn L, Seguin RA, et al.
Cardiovascular health and incident cardiovascular disease and cancer: the Women’s
Health Initiative. Am | Prev Med 2016;50:236-240.

27. Fretts AM, Howard BV, McKnight B, Duncan GE, Beresford SAA, Mete M, et al. Life’s
Simple 7 and incidence of diabetes among American Indians: the Strong Heart Family
Study. Diabetes Care 2014;37:2240-2245.

28. Gao B, Wang F, Zhu M, Wang J, Zhou M, Zhang L, et al. Cardiovascular health metrics
and all-cause mortality and mortality from major non-communicable chronic diseases
among Chinese adult population. Int | Cardiol 2020;313:123-128.

29. Garg PK, O’Neal WT, Chen LY, Loehr LR, Sotoodehnia N, Soliman EZ, et al. American
Heart Association’s Life Simple 7 and risk of atrial fibrillation in a population without
known cardiovascular disease: the ARIC (Atherosclerosis Risk in Communities)
Study. | Am Heart Assoc 2018;7:¢008424.

30. Garg PK, O'Neal WT, Ogunsua A, Thacker EL, Howard G, Soliman EZ, et al. Usefulness
of the American Heart Association’s Life Simple 7 to predict the risk of atrial fibrillation
(from the REasons for Geographic And Racial Differences in Stroke [REGARDS] Study).
Am | Cardiol 2018;121:199-204.

31. Garg PK, O’'Neal WT, Mok Y, Heiss G, Coresh ], Matsushita K. Life’s Simple 7 and per-
ipheral artery disease risk: the Atherosclerosis Risk in Communities Study. Am | Prev
Med 2018;55:642-649.

202 AINF 10 U0 1SN 1yda.)N %29Y101qIgSHeNSISAIUN AQ G205 ./996/8/ L €/a1oIue/odliNe/woo"dno-olwapeo.//:sdiy WOy papeojumoq


http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwad405#supplementary-data
http://www.who.int/mediacentre/factsheets/fs317/en/
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

984

F. te Hoonte et al.

32,

33.

34.

35.

36.

37.

38.

39.

40.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Gaye B, Canonico M, Perier M-C, Samieri C, Berr C, Dartigues J-F, et al. Ideal cardiovas-
cular health, mortality, and vascular events in elderly subjects: the Three-City Study. ] Am
Coll Cardiol 2017;69:3015-3026.

Gonzélez HM, Tarraf W, Rodriguez CJ, Gallo LC, Sacco RL, Talavera GA, et al.
Cardiovascular health among diverse Hispanics/Latinos: Hispanic Community Health
Study/Study of Latinos (HCHS/SOL) results. Am Heart | 2016;176:134-144.
Greenlee H, Strizich G, Lovasi GS, Kaplan RC, Biggs ML, Li Cl, et al. Concordance with
prevention guidelines and subsequent cancer, cardiovascular disease, and mortality: a
longitudinal study of older adults. Am | Epidemiol 2017;186:1168-1179.

Guo L, Guo X, Chang Y, Li Z, Yu S, Yang H, et al. Modified ideal cardiovascular health
status is associated with lower prevalence of stroke in rural northeast China. Int | Environ
Res Public Health 2016;13:207.

Han QL, Wu SL, Liu XX, An SS, Wu YT, Gao JS, et dl. Ideal cardiovascular health score
and incident end-stage renal disease in a community-based longitudinal cohort study:
the Kailuan Study. BMJ Open 2016;6:¢012486.

Isiozor NM, Kunutsor SK, Voutilainen A, Kurl S, Kauhanen J, Laukkanen JA. American
Heart Association’s cardiovascular health metrics and risk of cardiovascular disease mor-
tality among a middle-aged male Scandinavian population. Ann Med 2019;51:306-313.
Isiozor NM, Kunutsor SK, Voutilainen A, Kurl S, Kauhanen J, Laukkanen JA. Ideal cardio-
vascular health and risk of acute myocardial infarction among Finnish men.
Atherosclerosis 2019;289:126-131.

Isiozor NM, Kunutsor SK, Voutilainen A, Kauhanen J, Laukkanen JA. Life’s Simple 7 and the
risk of stroke in Finnish men: a prospective cohort study. Prev Med 2021;153:106858.
Isiozor NM, Kunutsor SK, Voutilainen A, Kurl S, Kauhanen J, Laukkanen JA. Association
between ideal cardiovascular health and risk of sudden cardiac death and all-cause mor-
tality among middle-aged men in Finland. Eur | Prev Cardiol 2021;28:294-300.

. Joseph JJ, Echouffo-Tcheugui B, Carnethon MR, Bertoni AG, Shay CM, Ahmed HM,

et al. The association of ideal cardiovascular health with incident type 2 diabetes mellitus:
the Multi-Ethnic Study of Atherosclerosis. Diabetologia 2016;59:1893-1903.

. Joseph JJ, Bennett A, Echouffo T)B, Effoe VS, Odei |B, Hidalgo B, et al. Ideal cardiovas-

cular health, glycaemic status and incident type 2 diabetes mellitus: the REasons for
Geographic and Racial Differences in Stroke (REGARDS) Study. Diabetologia 2019;
62:426-437.

Kim JY, Ko Y-J, Rhee CW, Park B-J, Kim D-H, Bae J-M, et al. Cardiovascular health me-
trics and all-cause and cardiovascular disease mortality among middle-aged men in
Korea: the Seoul male cohort study. | Prev Med Public Health 2013;46:319-328.

Kim M, Yang P-S, Yu HT, Kim T-H, Jang E, Uhm J-S, et al. Changes in cardiovascular
health status and risk of sudden cardiac death in older adults. Yonsei Med | 2021;62:298.
Kulshreshtha A, Vaccarino V, Judd SE, Howard VJ, McClellan WM, Muntner P, et al. Life’s
Simple 7 and risk of incident stroke: the reasons for geographic and racial differences in
stroke study. Stroke 2013;44:1909-1914.

Lachman S, Peters RJG, Lentjes MAH, Mulligan AA, Luben RN, Wareham NJ, et al. Ideal
cardiovascular health and risk of cardiovascular events in the EPIC-Norfolk prospective
population study. Eur | Prev Cardiol 2016;23:986-994.

Lee J-H, Yang P-S, Yu HT, Kim T-H, Jang E, Uhm J-S, et al. Association of cardiovascular
health and incident atrial fibrillation in elderly population. Heart 2021;107:1206—-1212.
Liu Y, Chi H-J, Cui L-F, Yang X-C, Wu Y-T, Huang Z, et al. The ideal cardiovascular
health metrics associated inversely with mortality from all causes and from cardiovas-
cular diseases among adults in a Northern Chinese industrial city. PLoS One 2014;9:
e89161.

Miao C, Bao M, Xing A, Chen S, Wu Y, Cai}, et al. Cardiovascular health score and the
risk of cardiovascular diseases. PLoS One 2015;10:e0131537.

Mok Y, Sang Y, Ballew SH, Rebholz CM, Rosamond WD, Heiss G, et al. American Heart
Association’s Life’s Simple 7 at middle age and prognosis after myocardial infarction in
later life. | Am Heart Assoc 2018;7:e007658.

Muntner P, Judd SE, Gao L, Gutiérrez OM, Rizk DV, McClellan W, et al. Cardiovascular
risk factors in CKD associate with both ESRD and mortality. | Am Soc Nephrol 2013;24:
1159-1165.

Nayor M, Enserro DM, Vasan RS, Xanthakis V. Cardiovascular health status and inci-
dence of heart failure in the Framingham Offspring Study. Circ Heart Fail 2016;9:
e002416.

Ogunmoroti O, Oni E, Michos ED, Spatz ES, Allen NB, Rana JS, et al. Life’s Simple 7 and
incident heart failure: the Multi-Ethnic Study of Atheroslerosis. | Am Heart Assoc 2017;6:
€005180.

Ogunmoroti O, Michos ED, Aronis KN, Salami JA, Blankstein R, Virani SS, et al. Life’s
Simple 7 and the risk of atrial fibrillation: the Multi-Ethnic Study of Atherosclerosis.
Atherosclerosis 2018;275:174-181.

Olson NC, Cushman MA, Judd SE, McClure LA, Lakoski SG, Folsom AR, et al. American
Heart Association’s Life’s Simple 7 and risk of venous thromboembolism: the Reasons
for Geographic and Racial Differences in Stroke (REGARDS) Study. | Am Heart Assoc
2015;4:e001494.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Ommerborn M), Blackshear CT, Hickson DA, Griswold ME, Kwatra J, Djoussé L, et al.
Ideal cardiovascular health and incident cardiovascular events: the Jackson Heart Study.
Am | Prev Med 2016;51:502-506.

Pase MP, Beiser A, Enserro D, Xanthakis V, Aparicio H, Satizabal CL, et al. Association of
ideal cardiovascular health with vascular brain injury and incident dementia. Stroke 2016;
47:1201-1206.

Peng Y, Wang Z. Association of Life’s Simple 7 and presence of cardiovascular disease in
general Australians. Open heart 2017;4:€000622.

Peng Y, Wang Z, Dong B, Cao S, Hu ], Adegbija O. Life’s Simple 7 and ischemic heart
disease in the general Australian population. PLoS One 2017;12:e0187020.

Perak AM, Ning H, Khan SS, Bundy |D, Allen NB, Lewis CE, et al. Associations of late
adolescent or young adult cardiovascular health with premature cardiovascular disease
and mortality. | Am Coll Cardiol 2020;76:2695-2707.

Polonsky TS, Ning H, Daviglus ML, Liu K, Burke GL, Cushman M, et al. Association of
cardiovascular health with subclinical disease and incident events: the Multi-Ethnic
Study of Atherosclerosis. | Am Heart Assoc 2017;6:e004894.

Rebholz CM, Anderson CAM, Grams ME, Bazzano LA, Crews DC, Chang AR, et al.
Relationship of the American Heart Association’s impact goals (Life’s Simple 7) with
risk of chronic kidney disease: results from the Atherosclerosis Risk in Communities
(ARIC) cohort study. | Am Heart Assoc 2016;5:e003192.

Spahillari A, Talegawkar S, Correa A, Carr JJ, Terry ]G, Lima J, et al. Ideal cardiovascular
health, cardiovascular remodeling, and heart failure in blacks: the Jackson Heart Study.
Circ Heart Fail 2017;10:¢003682.

Su G, Saglimbene V, Wong G, Natale P, Ruospo M, Craig JC, et al. Healthy lifestyle and
mortality among adults receiving hemodialysis: the DIET-HD Study. Am | Kidney Dis
2022;79:688-698.e1.

Tsai M-C, Yeh T-L, Hsu H-Y, Hsu L-Y, Lee C-C, Tseng P-J, et al. Comparison of four
healthy lifestyle scores for predicting cardiovascular events in a national cohort study.
Sci Rep 2021;11:1-11.

Uijl A, Koudstaal S, Vaartjes |, Boer JMA, Verschuren WMM, van der Schouw YT, et al.
Risk for heart failure: the opportunity for prevention with the American Heart
Association’s Life’s Simple 7. JACC Heart Fail 2019;7:637-647.

Unkart JT, Allison MA, Criqui MH, McDermott MM, Wood AC, Folsom AR, et dl. Life’s
Simple 7 and peripheral artery disease: the Multi-Ethnic Study of Atherosclerosis. Am |
Prev Med 2019;56:262-270.

Wang T, Lu J, Su Q, Chen Y, Bi Y, Mu Y, et al. Ideal cardiovascular health metrics and
major cardiovascular events in patients with prediabetes and diabetes. JAMA Cardiol
2019;4:874-883.

Wang D, Zhang Q, Wang A, Wu S, Zhao X. Ideal cardiovascular health metrics on the
new occurrence of peripheral artery disease: a prospective cohort study in Northern
China. Sci Rep 2020;10:1-6.

Xanthakis V, Enserro DM, Murabito JM, Polak JF, Wollert KC, Januzzi JL, et al. Ideal car-
diovascular health: associations with biomarkers and subclinical disease and impact on
incidence of cardiovascular disease in the Framingham Offspring Study. Circulation
2014;130:1676-1683.

Yang Q, Cogswell ME, Flanders WD, Hong Y, Zhang Z, Loustalot F, et al. Trends in car-
diovascular health metrics and associations with all-cause and CVD mortality among US
adults. JAMA 2012;307:1273-1283.

YangY,Han X, ChenY, Gao L, Yin X, Li H, et al. Association between modifiable lifestyle
and the prevalence of atrial fibrillation in a Chinese population: based on the cardiovas-
cular health score. Clin Cardiol 2017;40:1061-1067.

Ying Y, Lin S, Kong F, Li Y, Xu S, Liang X, et al. Ideal cardiovascular health metrics and
incidence of ischemic stroke among hypertensive patients: a prospective cohort study.
Front Cardiovasc Med 2020;7:590809.

Zhang Q, Zhou Y, Gao X, Wang C, Zhang S, Wang A, et al. Ideal cardiovascular health
metrics and the risks of ischemic and intracerebral hemorrhagic stroke. Stroke 2013;44:
2451-2456.

Zhou L, Zhao L, Wu Y, Wu Y, Gao X, Li Y, et al. Ideal cardiovascular health metrics and
its association with 20-year cardiovascular morbidity and mortality in a Chinese popu-
lation. J Epidemiol Community Health 2018,;72:752-758.

Zhu CR, Shi JH, Huang Z, Wei XM, Li HY, Lin LM, et al. Relationship between the ideal
cardiovascular health behaviors and factors and newonset heart failure. Zhonghua Xin
Xue Guan Bing Za Zhi 2021;49:905-911.

Fang N, Jiang M, Fan Y. Ideal cardiovascular health metrics and risk of cardiovascular dis-
ease or mortality: a meta-analysis. Int | Cardiol 2016;214:279-283.

Ochiai E, Kigenyi T, Sondik E, Pronk N, Kleinman DV, Blakey C, et al. Healthy people
2030 leading health indicators and overall health and well-being measures: opportunities
to assess and improve the health and well-being of the nation. | Public Health Manag
Pract 2021;27:5235-5241.

Lloyd-Jones DM, Allen NB, Anderson CAM, Black T, Brewer LC, Foraker RE, et al. Life’s
Essential 8: updating and enhancing the American Heart Association’s construct of

202 AINF 10 U0 1SN 1yda.)N %29Y101qIgSHeNSISAIUN AQ G205 ./996/8/ L €/a1oIue/odliNe/woo"dno-olwapeo.//:sdiy WOy papeojumoq



CVH and CV-related events

985

80.

81.

82.

cardiovascular health: a presidential advisory from the American Heart Association.
Circulation 2022;146:e18-e43.

Yi), Wang L, Guo X, Ren X. Association of Life’s Essential 8 with all-cause and cardio-
vascular mortality among US adults: a prospective cohort study from the NHANES
2005-2014. Nutr Metab Cardiovasc Dis 2023;33:1134-1143.

Xing A, Tian X, Wang Y, Chen S, Xu Q, Xia X, et dl. ‘Life’s Essential 8’ cardiovascular
health with premature cardiovascular disease and all-cause mortality in young adults:
the Kailuan prospective cohort study. Eur | Prev Cardiol 2023;30:593-600.

Perng W, Aris IM, Slopen N, Younoszai N, Swanson V, Mueller NT, et al. Application of
Life’s Essential 8 to assess cardiovascular health during early childhood. Ann Epidemiol
2023;80:16-24.

83.

84.

85.

86.

Isiozor NM, Kunutsor SK, Voutilainen A, Laukkanen JA. Life’s Essential 8 and the risk of
cardiovascular disease death and all-cause mortality in Finnish men. Eur | Prev Cardiol
2023;30:658-667.

Petermann-Rocha F, Deo S, Celis-Morales C, Ho FK, Bahuguna P, McAlllister D, et al. An op-
portunity for prevention: associations between the Life’s Essential 8 score and cardiovascu-
lar incidence using prospective data from UK Biobank. Curr Probl Cardiol 2023;48:101540.
Dekkers OM, Vandenbroucke JP, Cevallos M, Renehan AG, Altman DG, Egger M.
COSMOS-E: guidance on conducting systematic reviews and meta-analyses of observa-
tional studies of etiology. PLoS Med 2019;16:e1002742.

Sedgwick P. Meta-analyses: heterogeneity and subgroup analysis. BMJ 2013;346:f4040.

202 AINF 10 U0 1SN 1yda.)N %29Y101qIgSHeNSISAIUN AQ G205 ./996/8/ L €/a1oIue/odliNe/woo"dno-olwapeo.//:sdiy WOy papeojumoq



	Ideal cardiovascular health and cardiovascular-related events: a systematic review and meta-analysis
	Introduction
	Methods
	A priori registration
	Search methods for identification of studies
	Selection processes
	Data extraction
	Risk of bias assessment
	Definition of ideal, intermediate, and poor cardiovascular health
	Statistical analysis

	Results
	Literature search
	Study characteristics
	Exposure measurements
	Risk of bias assessment
	Association between ideal cardiovascular health metrics and cardiovascular and cardiometabolic events
	Subgroup analysis
	Sensitivity analyses

	Discussion
	Expanding and confirming results of existing studies
	Implication of cardiovascular health status
	Beyond Life’s Simple 7: Life’s Essential 8
	Strengths and limitations

	Conclusions
	Supplementary material
	Author contribution
	Funding
	Data availability
	References




