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Abstract: Cardiovascular diseases (CVD) remain the leading cause of morbidity and mortality
worldwide, hence significant efforts have been made to establish behavior and risk factors associated
with CVD. The American Heart Association proposed a 7-metric tool to promote ideal cardiovascular
health (CVH). Recent data demonstrated that a higher number of ideal CVH metrics was associated
with a lower risk of CVD, stroke, and mortality. Our study aimed to perform a systematic review and
meta-analysis of prospective studies investigating the association of ideal CVH metrics and CVD,
stroke, and cardiovascular mortality (CVM) in the general population. Medline and Scopus databases
were searched from January 2010 to June 2022 for prospective studies reporting CVH metrics and
outcomes on composite-CVD, coronary heart disease, myocardial infarction, stroke, and CVM. Each
CVH metrics group was compared to another. Twenty-two studies totaling 3,240,660 adults (57.8%
men) were analyzed. The follow-up duration was 12.0 ± 7.2 years. Our analysis confirmed that a
higher number of ideal CVH metrics led to lower risk for CVD and CVM (statistically significant for
composite-CVD, stroke, and CVM; p < 0.05). Conclusion: Even modest improvements in CVH are
associated with CV-morbidity and mortality benefits, providing a strong public health message about
the importance of a healthier lifestyle.

Keywords: cardiovascular health; Life’s Simple 7; cardiovascular diseases and mortality

1. Introduction

Cardiovascular diseases (CVD) are major, global, non-communicable chronic diseases
that are still the leading cause of morbidity and mortality within the United States (US)
and worldwide despite declining age-standardized CVD-death rates over the second half
of the 20th century [1,2]. The burden of CVD in terms of diminished quality of life, life-
years lost, and direct and indirect medical costs remains substantial [2]. Nearly 50% of
adults in the US have some form of CVD, and that number increases to nearly 60% among
African Americans [3]. With life expectancy increasing over the past century, significant
efforts have been made to establish health-related behaviors and health factors associated
with CVD [1]. There is compelling evidence that unhealthy behaviors (e.g., smoking
or a sedentary lifestyle) lead to unhealthy risk factors that worsen CVH and increase
cardiovascular morbidity and mortality. This in turn leads to increased healthcare costs and
financial burdens on individual, societal, and international levels [2]. Therefore, in 2010, the
Goals and Metrics Committee of the Strategic Planning Task Force of the American Heart
Association (AHA) proposed a seven-item tool as a part of their “2020 Impact Goals” to
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reduce the burden of CVD by promoting ideal CVH and primordial prevention [2,4]. The
initial goal set in 2010 targeted a 20% reduction of death from CVD and stroke in the US
via a 20% improvement of CVH in the American population [2]. This seven-item tool, also
known as “Life’s Simple 7” (LS7), consists of four health-related behaviors (not smoking,
healthy dietary intake, physical activity, and body mass index [BMI]), and three health
factors (total cholesterol, blood pressure, and fasting plasma glucose) [2,4]. Each of the
seven CVH metrics is classified further as either poor, intermediate, or ideal; in order to
numerically categorize CVH, researchers have represented these metrics as numeric scores
from 0 to 2 [2]. The AHA criteria for the definition of poor, intermediate, and ideal CVH
metrics are presented in Supplement Table S1.

Recent data have demonstrated that the presence of a greater number of ideal CVH
metrics was associated with a lower risk of CVD, stroke, and cardiovascular mortality
(CVM) [5–7]. Since the inception of CVH, there have been numerous epidemiological studies
on this topic (both cohort and cross-sectional); however, there have been very few systematic
reviews and meta-analyses [5–8], with the latest being published in 2018 [7]. These earlier
analyses had significant shortcomings in their design, methodology, and data interpretation,
and were further limited by omitting some of the important studies [9].

2. The Aim of the Study

Our study aimed to perform a systematic review and meta-analysis of prospective
cohort studies investigating the association of ideal CVH metrics and CVD (composite
CVD, coronary heart disease [CHD], and MI), stroke, and CVM in the general population.

3. Materials and Methods
3.1. Search Strategy, Study Selection, and Quality Assessment

A comprehensive and systematic literature search of the Medline database (via the
PubMed search engine) and the Scopus database was performed according to the preferred
reporting items for systematic reviews and meta-analyses (PRISMA) guidelines from the
inception of the CVH concept (2010) to 30 June 2022. The review was not registered.
The following search keywords (a combination of MeSH and non-MeSH terms) were
used: “ideal cardiovascular health”, “cardiovascular health metrics”, “Life’s Simple 7”,
“cardiovascular diseases”, “coronary heart disease”, “stroke”, “cerebrovascular disease”,
“mortality”, and “death”. Furthermore, the reference list of identified studies was manually
screened to identify additional studies that can be included in our analysis.

Two authors (M.R. and I.D.) independently and blindly screened the titles, abstracts,
and full manuscripts of the identified articles, excluding duplicates and articles irrelevant
to the topic. Any discrepancies or uncertainties were resolved by a third author (J.J.).

Articles included in the study were eligible if they met the following criteria: written
in English, peer-reviewed, observational prospective cohort studies investigating the ideal
CVH metrics and reporting cardiovascular events (e.g., composite CVD, CHD, MI, or
stroke) or CVM in the general adult population. Composite CVD represents a major CVD
that was not specified in the studies. All eligible studies had reported adjusted relative risks
(RR) or hazard ratios (HR) with confidence intervals (CI) or standard errors (SE). Authors
of eligible studies with incomplete information were contacted to provide additional data;
however, if this proved either impossible or ineffective, the study was rejected. Review
articles, meta-analyses, commentaries and discussions, editorials, letters to editors (except
when all relevant data was available), conference papers, books, or book chapters, as well
as studies conducted on children, were excluded.

The Newcastle-Ottawa Scale (NOS) for cohort studies was used for methodological
quality assessment. The NOS scale is a nine-star point system used to assess the quality
of non-randomized studies, including cohort studies. The scale awards up to three stars
in each of three categories: the selection of study groups; the comparability of the groups;
and the ascertainment of the outcome of interest [10,11]. In our analysis authors M.R. and
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J.J. independently assessed the quality and calculated the NOS score for each study. Only
high-quality studies with a NOS score of at least 7 were included in our analysis (Table 1).

3.2. Data Collection and Group Comparison

In addition to ideal CVH metrics, we extracted authors’ names, publication year,
country of the study, study name, sample size, percentage of males, population age (average
or range), number of cardiovascular events including CVM, and duration of follow-up.
Based on the number of ideal CVH metrics, patients were categorized into 3 groups: poor
CVH group (with the fewest ideal CVH metrics: between 0 and 2), intermediate CVH
group (with CVH metrics between 3 and 4), and ideal CVH group (with CVH metrics
between 5 and 7). In the studies where each of the seven CVH metrics was scored from
0 to 2, patients were categorized into the poor CVH group (score 0 to 4), intermediate
CVH group (score between 5 and 9), and ideal CVH group (score 10 to 14). Data were
presented as mean ± SD and median (interquartile range) for continuous variables or
numbers (percentages) for categorical variables.

We compared the ideal CVH group (CVH metrics 5–7 or score 10–14) to the intermedi-
ate CVH group (CVH metrics 3–4 or score 5–9) and poor CVH group (CVH metrics 0–2 or
score 0–4), as well as intermediate CVH group (CVH metrics 3–4 or score 5–9) to the poor
CVH group (CVH metrics 0–2 or score 0–4).

3.3. Statistical Analysis

The analysis was carried out using the log risk ratio (RR) with 95% CI as the outcome
measure comparing each CVH metrics group to another. The amount of heterogeneity
(i.e.,
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, the Cochrane Q-test for heterogeneity [13] and the I2 statistic [14] were
reported. In case the I2 statistic was higher than 50%, a random-effects (RE) model was
fitted to the data, otherwise, a fixed-effects (FE) model was fitted. Sensitivity analysis
was performed to investigate the robustness of the findings and results, and to determine
whether a particular study accounted for the heterogeneity. Studentized residuals and
Cook’s distances were used to examine whether studies may be outliers and/or influential
in the context of the model [15]. Studies with a studentized residual larger than the
100 × (1 − 0.05/(2 × k))th percentile of a standard normal distribution were considered
potential outliers (i.e., using a Bonferroni correction with two-sided α = 0.05 for k studies
included in the meta-analysis). Studies with a Cook’s distance larger than the median plus
6 times the interquartile range of the Cook’s distances were considered influential. The
presence of publication bias was assessed graphically by funnel plots. The rank correlation
test [16] and the regression test (Egger) [17], using the SE of the observed outcomes as a
predictor, were used to check for funnel plot asymmetry. The analysis was carried out
using R Programming Language and Environment for Statistical Computing (version
4.2.2) [18] and the metafor package (version 3.8.1) [19]. Statistical significance was reported
using a two-sided p-value of <0.05.

4. Results
4.1. Literature Search and Study Characteristics

The initial search of two databases (Medline and Scopus) over the span of 12 years
yielded 701 records. One study that fulfilled inclusion criteria was manually identified
by checking the reference lists of identified articles [20], totaling the number of analyzed
records to 702. We screened the titles and abstracts of all 400 non-duplicate records and
excluded 310 irrelevant articles for the topic. A total of 90 full-text articles were reviewed
for eligibility, yielding 22 studies (articles) that met the eligibility criteria for our analysis.
The flow chart of detailed article selection and the final studies included in the analysis
was created (Figure 1). Three studies [21–23] did not have sufficient data on CVH metric
groups, however, we were able to receive additional data from the authors of one study,
which we included in our analysis [21].
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Figure 1. PRISMA flowchart detailing the search results.

All 22 selected and analyzed studies were observational prospective cohort studies,
published from April 2011 [24] until June 2022 [25], that reported an association between
ideal CVH metrics and the risk of CVD (composite, CHD, and MI), stroke, and CVM
(Table 1). There were multiple papers published from the same large population-based
studies, like Kuopio Ischemic Heart Disease (KIHD) from Finland [26–28], National
Health and Nutrition Examination Survey (NHANES) from the USA [29–31], and
Kailuan from China [20,32,33] (Table 1). The total number of cohort members was
3,240,660, out of which 57.8% were men. Sample sizes ranged from 2520 to 2,728,427 par-
ticipants (Table 2). There were 3 published articles from the NHANES study that
included only males [29–31]. Follow-up duration ranged from 3.3 to 26 years (mean
12.0 ± 7.2 years). All studies had NOS scores of 7 or 8 (Table 1).

Table 1. Characteristics of the included studies.

Reference, Year Country Study
Name

Subjects
(n) Men (%) Age (Range

or Mean) (y)
Main

Outcome
Follow-Up

(y)
NOS
Score

Fernandez-
Lazaro et al.,

2022 [25]
Spain RIVANA 3826 44.1 52.8 ± 12.8

CVD, MI,
Stroke,
CVM

12.8 8

Itoh et al.,
2022 [34] Japan JMDC

database 2728427 56.2 44.9 ± 11.0 MI, stroke 3.3 8

Isiozor et al.,
2021 [26] Finland KIHD 2520 100 42–60 Stroke 26 7

Isiozor et al.,
2019 [27] Finland KIHD 2584 100 40–62 MI 25.2 7
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Table 1. Cont.

Reference, Year Country Study
Name

Subjects
(n) Men (%) Age (Range

or Mean) (y)
Main

Outcome
Follow-Up

(y)
NOS
Score

Isiozor et al.,
2019 [28] Finland KIHD 2607 100 42–60 CVM 25.8 8

Diez-Espino
et al., 2019 [21] Spain PREDIMED 7447 42.5 67 ± 6.2 MI, stroke,

CVM 4.8 8

Ahmad et al.,
2019 [29] USA NHANES 6766 46.1 59.1 ± 13.3 CVM 14 8

Han et al.,
2018 [35] China China-PAR 93987 40.2 51.64 ± 11.97

CVD, CHD,
stroke,
CVM

15 7

Gaye et al.,
2017 [36]

N.
Ireland,
France

PRIME 9312 100 50–59 CHD,
stroke 10 7

Gaye et al.,
2017 [37] France Three-City 7371 36.7 73.82 ± 5.34 CHD,

Stroke 8.6 7

Ommerborn
et al., 2016 [38] USA Jackson

Heart 3707 45.1 40–76 CVD 8.3 7

Lachman et al.,
2016 [39] UK EPIC-

Norfolk 10043 44.1 57.0 ± 9.67 CVD, CHD,
stroke 10 7

Miao et al.,
2015 [20] China Kailuan 91598 79.5 51.6 ± 12.4 CVD, MI,

stroke 6.8 8

Liu et al.,
2014 [32] China Kailuan 95429 79.7 51.46 ± 12.46 CVM 4 7

Zhang et al.,
2013 [33] China Kailuan 91698 79.4 51.93 Stroke 4 7

Kulshreshta
et al., 2013 [40] USA REGARDS 22915 41.9 65 Stroke 4.9 8

Kim et al.,
2013 [41] S. Korea Seoul Male

Cohort 12538 100 40–59 CVM 19 8

Yang et al.,
2012 [30] USA NHANES 13312 49 46.8 CVM 14.5 8

Ford et al.,
2012 [31] USA NHANES 6855 47.7 43 (median) CVM 5.8 7

Dong et al.,
2012 [42] USA NOMAS 2981 36.3 69 ± 10

CVD, MI,
stroke,
CVM

11 8

Artero et al.,
2012 [43] USA ACLS 11993 75.7 46 ± 9.9 CVM 11.6 8

Folsom et al.,
2011 [24] USA ARIC 12744 43.8 45–64 CVD 18.7 8

Legend: CVD—cardiovascular disease; MI—myocardial infarction; CVM—cardiovascular mortality; CHD—
coronary heart disease; RIVANA—Vascular Risk in Navarra; JMDC—Japan Machine Design Center; KIHD—
Kuopio Ischemic Heart Disease; PREDIMED—Prevención con Dieta Mediterránea; NHANES—National Health
and Nutrition Examination Survey; PRIME—Prospective Epidemiological Study of Myocardial Infarction;
EPIC—European Prospective Investigation into Cancer; REGARDS—Reasons for Geographic And Racial Dif-
ferences in Stroke; NOMAS—Northern Manhattan Study; ACLS—Aerobics Center Longitudinal Study; ARIC—
Atherosclerosis Risk in Communities.
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Table 2. Summary of analyzed data for each outcome and CVH metrics group.

Events (n) Subjects
(n, Male %)

Poor
(CVH Metrics:

0–2
or Score 0–4)

Intermediate
(CVH Metrics:

3–4
or Score 5–9)

Ideal
(CVH Metrics:

5–7
or Score 10–14)

Follow-Up
(Average, y)

Subjects Events Subjects Events Subjects Events

CVD (12069) 218786 (57.2) 18972 3370 110347 6588 89467 2111 11.8 ± 4.1

CHD (2829) 120713 (44.9) 13666 993 51972 1537 55075 299 10.9 ± 2.8

MI (7629) 2836863
(56.9) 281282 2209 1086848 3754 1468733 1666 10.6 ± 8.0

Stroke
(35190)

3072125
(57.0) 342422 6539 1196199 17284 1533504 11367 9.8 ± 6.3

CVM (5500) 257741 (60.9) 62927 1945 117758 2742 77056 813 12.6 ± 6.4
Legend: CVH—cardiovascular health; CVD—cardiovascular disease; MI—myocardial infarction; CVM—
cardiovascular mortality; CHD—coronary heart disease.

Table 2 represents a summary of each cardiovascular outcome and study population,
with notably the highest number of events and subjects reported for stroke (the number of
stroke events was 35,190, while the subject population was 3.07 million which was followed
over the 9.8 ± 6.3 years).

4.2. Association between Ideal CVH Metrics and the Risk of Composite CVD

The results of our analysis demonstrated that having a higher number of ideal CVH
metrics decreases the risk of developing composite CVD. When comparing the ideal to poor
CVH profile, the observed RR ranged from 0.05 to 0.71, while the estimated average RR
based on the RE model was 0.24 (95% CI: 0.14–0.42; p < 0.01; I2 = 97.2%). This demonstrates
that there is a 76% lower risk of developing CVD for patients having ideal compared to
poor CVH. Similarly, when comparing intermediate to poor CVH groups, the observed
RR ranged from 0.41 to 0.93, and the estimated average RR based on the RE model was
0.61 (95% CI: 0.49–0.76; p < 0.01; I2 = 95.0%). This demonstrates that there is a 39% lower
risk of developing CVD for patients having intermediate compared to poor CVH. In
addition, when comparing ideal to intermediate CVH groups, the observed RR ranged
from 0.11 to 0.80, and the estimated average RR based on the RE model was 0.38 (95%
CI: 0.24–0.60; p < 0.01; I2 = 97.7%). This demonstrates that there is a 62% lower risk of
developing CVD for patients having ideal compared to intermediate CVH. Forest plots
showing the observed outcomes and the estimates based on the RE model are shown in
Figure 2a–c. Publication bias was not detected, and funnel plots were symmetric (as shown
in Supplemental Figures S1–S3 with respective p = 0.613, p = 0.713, and p = 0.391).

4.3. Association between Ideal CVH Metrics and the Risk of CHD

Overall, when comparing the individuals with higher numbers of ideal CVH metrics
the risk for development of coronary heart disease (CHD) was lower. When comparing
ideal to poor CVH groups, the observed RR ranged from 0.04 to 0.29, and the estimated
average RR based on the FE model was 0.22 (95% CI: 0.18–0.26; p = 0.05; I2 = 61.5%). This
demonstrates that there is a 78% lower risk of developing CHD for patients having ideal
compared to poor CVH. Similarly, when comparing intermediate to poor CVH groups,
the observed RR ranged from 0.43 to 0.59, with the estimated average RR based on the RE
model was 0.51 (95% CI: 0.43–0.60; p < 0.01; I2 = 75.4%). This demonstrates that there is
a 49% lower risk of developing CHD for patients having intermediate to poor CVH. In
addition, when comparing ideal to intermediate CVH groups, the observed RR ranged
from 0.08 to 0.49, with the estimated average RR based on the FE model was 0.45 (95%
CI: 0.39–0.52; p = 0.12; I2 = 49.1%). This demonstrates that there is a 55% lower risk of
developing CHD for patients having ideal compared to intermediate CVH. Forest plots
showing the observed outcomes and the estimates based on the FE and RE models are
shown in Figure 3a–c. Publication bias was not detected, and funnel plots were symmetric
(as shown in Supplemental Figures S4–S6 with respective p = 0.608, p = 0.452, and p = 0.330).
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4.4. Association between Ideal CVH Metrics and the Risk of MI

The results of our analysis demonstrated that having a higher number of ideal CVH
metrics decreases the risk of developing MI. When comparing ideal to poor CVH groups,
the observed RR ranged from 0.12 to 0.32, and the estimated average RR based on the
FE model was 0.18 (95% CI: 0.17–0.20; p = 0.12; I2 = 43.2%). This demonstrates that there
is an 82% lower risk of developing MI for patients having ideal compared to poor CVH.
Similarly, when comparing intermediate to poor CVH groups, the observed RR ranged
from 0.49 to 0.83, and the estimated average RR based on the RE model was 0.63 (95%
CI: 0.52–0.76; p < 0.01; I2 = 74.3%). This demonstrates that there is a 37% lower risk of
developing MI for patients having intermediate compared to poor CVH. In addition, when
comparing ideal to intermediate CVH groups, the observed RR ranged from 0.17 to 0.54,
and the estimated average RR based on the FE model was 0.38 (95% CI: 0.36–0.40; p = 0.25;
I2 = 23.9%). This demonstrates that there is a 62% lower risk of developing MI for patients
having ideal compared to intermediate CVH. Forest plots showing the observed outcomes
and the estimates based on the FE and RE models are shown in Figure 4a–c. Publication
bias was not detected for “ideal vs poor” and “ideal vs intermediate”, and funnel plots
were symmetric (as shown in Supplemental Figures S7 and S9 with respective p = 0.182,
and p = 0.837), however, the publication bias was detected in “intermediate vs poor” with
funnel plot being asymmetric (Supplemental Figure S8 with p = 0.015).

The study from Japan Itoh et al. [34] was identified as an influential study in the
case of MI when comparing all three CVH groups by providing 96.2% of the subjects.
Leave-one-out analysis indicated that the RR excluding Itoh et al. [34] would be 0.27 (95%
CI: 0.20–0.36) for ideal vs poor CVH, 0.68 (95% CI: 0.58–0.79) for intermediate vs poor CVH,
and 0.44 (95% CI: 0.37–0.52) for ideal vs intermediate CVH.

4.5. Association between Ideal CVH Metrics and the Risk of Stroke

Overall, when comparing the individuals with a higher number of ideal CVH metrics
the risk for the development of stroke was lower. When comparing ideal to poor CVH
groups, the observed RR ranged from 0.16 to 0.64, with the estimated average RR based
on the RE model was 0.38 (95% CI: 0.30–0.47; p < 0.01; I2 = 85.0%). This demonstrates
that there is a 62% lower risk of developing stroke for patients having ideal compared to
poor CVH. Similarly, when comparing intermediate to poor CVH groups, the observed
RR ranged from 0.53 to 0.98, and the estimated average RR based on the RE model was
0.70 (95% CI: 0.65–0.75; p < 0.01; I2 = 54.5%). This demonstrates that there is a 30% lower
risk of developing stroke for patients having intermediate compared to poor CVH. In
addition, when comparing ideal to intermediate CVH groups, the observed RR ranged
from 0.16 to 0.95, and the estimated average RR based on the RE model was 0.53 (95%
CI: 0.46–0.61; p < 0.01; I2 = 80.3%). This demonstrates that there is a 47% lower risk of
developing stroke for patients having ideal compared to intermediate CVH. Forest plots
showing the observed outcomes and the estimates based on the RE model are shown in
Figure 5a–c. Publication bias was not detected, and funnel plots were symmetric (as shown
in Supplemental Figures S10–S12 with respective p = 0.298, p = 0.155, and p = 0.498).

Itoh et al. [34] was identified as an influential study in the case of stroke when com-
paring intermediate vs poor CVH. Leave-one-out analysis indicated that the RR excluding
Itoh et al. [34] would be 0.67 (95% CI: 0.63–0.72) compared to 0.70 (95% CI 0.65–0.75) when
all studies are included. Although the study by Itoh et al. [34] does influence the effect
size in the case of MI and stroke by providing 96.2% and 88.8% of the analyzed subjects,
respectively, it does not change the direction of the effect, nor its significance.
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4.6. Association between Ideal CVH Metrics and the Risk of CVM

Results of our analysis demonstrated an inverse relationship showing a reduced risk
of CVM with achieving a greater number of ideal CVH metrics. When comparing ideal to
poor CVH groups, the observed RR ranged from 0.09 to 0.94, and the estimated average RR
based on the RE model was 0.30 (95% CI: 0.21–0.42; p < 0.01; I2 = 86.3%). This demonstrates
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that there is a 70% lower risk of CVM for patients having ideal compared to poor CVH.
Similarly, when comparing intermediate to poor CVH groups, the observed RR ranged
from 0.41 to 1.05, while the estimated average RR based on the RE model was 0.66 (95% CI:
0.57–0.75; p < 0.01; I2 = 74.2%). This demonstrates that there is a 34% lower risk of CVM for
patients having intermediate compared to poor CVH. In addition, when comparing ideal
to intermediate CVH groups, the observed RR ranged from 0.08 to 0.94, and the estimated
average RR based on the RE model was 0.49 (95% CI: 0.40–0.61; p < 0.01; I2 = 70.4%). This
demonstrates that there is a 51% lower risk of CVM for patients having ideal compared to
intermediate CVH. Forest plots showing the observed outcomes and the estimates based
on the RE model are shown in Figure 6a–c. Publication bias was not detected, and funnel
plots were symmetric (as shown in Supplemental Figures S13–S15 with respective p = 0.961,
p = 0.880, and p = 0.765).
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5. Discussion

Compared to our analysis that included 22 studies, previous systematic reviews and
meta-analyses on the topic of CVH [5–8] analyzed a total of 13 unique studies (ranging from
6 to 12 studies) [20,24,30–33,36,38–43], and lacked some of the important studies [9]. Except
for Guo et al. [5], none of the previous meta-analyses and systematic reviews included
all of the papers that fulfilled the reported inclusion criteria by the end of the performed
search. The rationale for excluding eligible studies was not documented, and the selection
criteria (prospective cohort studies in adults, published in the English language, and that
analyzed the relationship of CVH and CVD/CVM) did not justify the exclusion of many
important studies [9]. Two studies (Fang et al. [5], and Guo et al. [6]) did not examine
the effect of meeting the intermediate compared to poor CVH, which is important as
intermediate CVH is much more achievable in the general population than ideal CVH.
Additionally, these two studies comparing ideal versus poor CVH were concerning with
respect to their inconsistent and highly variable CVH group categorization as reported in
“Table 1” in both papers [5,6]. Their ideal CVH group was classified as either 4–7, 5–7, or
6–7 CVH metrics; or 10–14 to 12–14 score points. Likewise, their poor CVH group was
classified as either 0, 0–1, or 0–2 metrics; or 0–1, 0–2, to 0–4 score points. This variability
led authors to compare dissimilar and incomparable categories of CVH. Similarly, in the
paper by Aneni et al. [8], the authors compared various levels of CVH with a reference
group that was un-uniform and ranged from 0, to 0–1, to 0–2 CVH metrics. This significant
heterogeneity engenders substantial concerns about the validity and comparability of
study results. Conversely, in our analysis, we strictly categorized data into three CVH
metric groups, and if sufficient data were unavailable in the published manuscripts and
supplements, we requested additional information from the study authors (from three such
papers, we received additional information from only one study [21], excluding the other
two studies [22,23]).

The results of our analysis confirm that achieving a higher number of ideal CVH
metrics is associated with a lower risk for CVD and CVM. Our findings align with those
of previous studies despite their aforementioned methodological limitations [5–8]. This
was derived by comparing the 3 CVH metrics groups, having relative risk reduction with a
higher number of achieved CVH metrics. In addition, Aneni et al. [8] reported an inverse
linear relationship between CVH metrics and mortality, with an estimated 19% reduction
in CVM for each achieved CVH metric. It was also reported in the literature that a longer
duration of favorable CVH was associated with decreased cardiovascular-related morbidity
and mortality [4].

The low prevalence of ideal CVH is a cause for concern. Amongst our analyzed
cohort, only 12.3% qualified as ideal CVH, 39.4% fell into intermediate CVH, and 48.3%
were classified as poor CVH. Similar patterns were reported in the published literature of
individual studies where ideal CVH was found to be the least common (prevalence of 0.5%
to 3.3% reported in the general population [44] but approaching 15% in some subgroups
and specific populations [45,46]). Data from NHANES 2011–2016 reported a predominance
of poor CVH in the general US population (around 59%), while merely 7.3% of adults
had ideal CVH [47]. In another study, about 62% of US adults achieved 3 or fewer CVH
metrics [48]. Given that even a single risk factor is associated with an increased lifetime
risk of CVD, the present distribution of CVH is troubling [4,49].

Ideal CVH is difficult both to achieve and maintain. As such, it may be more realistic
to improve CVH by achieving metrics that can move the population from the poor to
the intermediate category. The previous systematic reviews and meta-analyses compared
ideal with poor CVH. Our study, however, assessed the comparative benefits of achieving
intermediate over poor CVH, which we believe to be a more attainable goal. We went one
step further by assessing the risk reduction of achieving the ideal CVH in comparison to
intermediate CVH, and the implications resulting from that additional improvement. The
only other study that studied intermediate CVH was Ramírez-Vélez et al. [7]; however,
they did not analyze ideal versus intermediate CVH, nor did they assess the effect of



J. Clin. Med. 2023, 12, 4417 14 of 17

various CVH levels on CVM. For the composite CVD, CHD, MI, and stroke, our study
reported similar results as Ramírez-Vélez et al. [7], despite our analysis of 8 additional
studies (our analysis comprised a total of 22 studies; 15 after excluding studies reporting
CVM, while Ramírez-Vélez et al. had 12 studies; 7 after excluding studies reporting heart
failure and venous thromboembolism, which they analyzed). In both our study and that of
Ramírez-Vélez et al. [7], there was a significantly lower risk when higher levels of CVH were
compared to lower CVH. When comparing ideal to poor CVH, our results demonstrated
that there was a lower risk of developing composite CVD, CHD, MI, and stroke of 76%,
78%, 82%, and 62%, respectively. Similarly, Ramírez-Vélez et al. [7] reported a lower risk for
developing composite CVD, CHD, MI, and stroke of 77%, 79%, 76%, and 67%, respectively.
When comparing intermediate to poor CVH, our results demonstrated that there was a
lower risk of developing composite CVD, CHD, MI, and stroke of 39%, 49%, 37%, and
30%, respectively. Likewise, Ramírez-Vélez et al. [7] reported a lower risk for developing
composite CVD, CHD, MI, and stroke of 55%, 44%, 46%, and 42% respectively. These
results demonstrate that while ideal CVH confers the greatest risk reduction for CVD and
stroke, achieving the more attainable goal of intermediate CVH (defined as 3–4 metrics or a
score of 5–9) still offers substantial protective benefit. Due to the prevalence of poor CVH
amongst the general population, Ramírez-Vélez et al. [7] point out that a realistic short-term
goal should be the promotion of meeting 3 to 4 CVH metrics in order to achieve a positive
outcome. The findings from our study fully support this conclusion and recommendation.

Although the beneficial effects of ideal CVH have been supported by increasing
scientific evidence, the precise relationship is still not well measured. Furthermore, strong
evidence of individual CVH metrics in relation to CVD, stroke, and mortality is lacking.
Preliminary data on socioeconomic, gender, and racial inequalities report the unsatisfactory
prevalence of ideal CVH metrics, with significant room for improvement [44]. There are
many identified social determinants of health that influence an individual’s psychological
health and well-being, which in turn may positively or negatively affect CVH through the
continuous interplay of mind-heart-body connections [45]. While a healthier lifestyle from
a young age is a successful strategy for higher CVH later in life, the ability to choose and
practice healthier lifestyles across the lifespan is strongly influenced by psychosocial health
factors [45,50–55]. Despite CVD and CVM being improved in the US over the past decade,
concerning disparities persist regarding risk factors, health behaviors, and CVM based on
ethnicity, race, geography, and income [3]. Similar disparities are present globally, further
efforts set by AHA (“2030 Impact Goals”) and WHO are intended to improve health equity
and address a broader range of factors that contribute to CVH [3].

6. Strengths and Limitations of the Study

The principal strengths of our study are its large study cohort (n = 3,240,660), that it
has studied various CVD outcomes (including CVM) across all CVH metrics groups, and
its comparison of each CVH metric group to the others. Our data interpretation, however,
has several limitations that must be considered. In some cases, there was significant
heterogeneity between analyzed studies, which was addressed by using the RE model.
Measurements of physical activity and diet are not standardized amongst other CVH
metrics, and there may have been different interpretations of ideal physical activity levels
and diet. We acknowledge there is an overlap of articles published from the same studies
and examined patient cohorts, however, a “leave-one-out” analysis showed no significant
difference when any one study is excluded from statistical analysis. Not all eligible studies
were included due to a lack of data for at least one CVH metrics group and the unavailability
of authors to provide the requested information [22,23].

7. Conclusions

The results of our study clearly demonstrate that higher adherence to ideal CVH
standards yields a significantly lower risk of CVD and CVM. While achieving ideal CVH
metrics is associated with the lowest risk, it is imperative to recognize that achieving in-
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termediate CVH metrics will also offer a strong protective effect. Given that the majority
of the population has poor CVH, there exists tremendous potential to improve outcomes
worldwide. We advocate for sending a strong public health message that even modest im-
provements in CVH are associated with substantial cardiovascular morbidity and mortality
benefits. To that end, we should collectively promote healthier lifestyles and behaviors.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12134417/s1. Supplement Table S1. Definition of the car-
diovascular health metrics and scores according to the American Heart Association. Supplement
Figures S1–S3. Funnel plot publication bias for different categories of cardiovascular health and
composite cardiovascular disease risk. Supplement Figures S4–S6. Funnel plot publication bias for
different categories of cardiovascular health and coronary heart disease risk. Supplement Figures
S7–S9. Funnel plot publication bias for different categories of cardiovascular health and myocardial
infarction risk. Supplement Figures S10–S12. Funnel plot publication bias for different categories of
cardiovascular health and stroke risk. Supplement Figures S13–S15. Funnel plot publication bias for
different categories of cardiovascular health and cardiovascular mortality.

Author Contributions: Conceptualization, M.R. and J.J.; methodology, M.R. and J.J.; software, S.M.-
R.; validation, J.J.; formal analysis, S.M.-R.; data curation, M.R., J.J. and I.D.; writing—original draft
preparation, M.R. and J.J.; writing—review and editing, M.R., J.J., S.M.-R., I.D., R.D.H. and C.W.N.;
supervision, J.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Mayo Clinic Health System in Eau Claire, WI, and the
Ministry of Education and Science of the Republic of Serbia (grant no. 200110).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.T.; Corrà, U.; Cosyns, B.; Deaton, C.;

et al. 2016 European Guidelines on cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the
European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by
representatives of 10 societies and by invited experts)Developed with the special contribution of the European Association for
Cardiovascular Prevention & Rehabilitation (EACPR). Eur. Heart J. 2016, 37, 2315–2381. [PubMed]

2. Lloyd-Jones, D.M.; Hong, Y.; Labarthe, D.; Mozaffarian, D.; Appel, L.J.; Van Horn, L.; Greenlund, K.; Daniels, S.; Nichol, G.;
Tomaselli, G.F.; et al. Defining and setting national goals for cardiovascular health promotion and disease reduction: The
American Heart Association’s strategic Impact Goal through 2020 and beyond. Circulation 2010, 121, 586–613. [CrossRef]
[PubMed]

3. Angell, S.Y.; McConnell, M.V.; Anderson, C.A.M.; Bibbins-Domingo, K.; Boyle, D.S.; Capewell, S.; Ezzati, M.; de Ferranti, S.;
Gaskin, D.J.; Goetzel, R.Z.; et al. The American Heart Association 2030 Impact Goal: A Presidential Advisory from the American
Heart Association. Circulation 2020, 141, e120–e138. [CrossRef] [PubMed]

4. Michos, E.D.; Khan, S.S. Further understanding of ideal cardiovascular health score metrics and cardiovascular disease.
Expert Rev. Cardiovasc. Ther. 2021, 19, 607–617. [CrossRef]

5. Guo, L.; Zhang, S. Association between ideal cardiovascular health metrics and risk of cardiovascular events or mortality: A
meta-analysis of prospective studies. Clin. Cardiol. 2017, 40, 1339–1346. [CrossRef]

6. Fang, N.; Jiang, M.; Fan, Y. Ideal cardiovascular health metrics and risk of cardiovascular disease or mortality: A meta-analysis.
Int. J. Cardiol. 2016, 214, 279–283. [CrossRef]

7. Ramírez-Vélez, R.; Saavedra, J.M.; Lobelo, F.; Celis-Morales, C.A.; Pozo-Cruz, B.D.; García-Hermoso, A. Ideal Cardiovascu-
lar Health and Incident Cardiovascular Disease Among Adults: A Systematic Review and Meta-analysis. Mayo Clin. Proc.
2018, 93, 1589–1599. [CrossRef]

8. Aneni, E.C.; Crippa, A.; Osondu, C.U.; Valero-Elizondo, J.; Younus, A.; Nasir, K.; Veledar, E. Estimates of Mortality Benefit from
Ideal Cardiovascular Health Metrics: A Dose Response Meta-Analysis. J. Am. Heart Assoc. 2017, 6, e006904. [CrossRef]

9. Veledar, E.; Crippa, A.; Osondu, C.U.; Younus, A.; Nasir, K. Letter to Editor: “Ideal cardiovascular health metrics and risk of
cardiovascular disease or mortality: A meta-analysis”. Int. J. Cardiol. 2016, 222, 737. [CrossRef]

10. Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in
meta-analyses. Eur. J. Epidemiol. 2010, 25, 603–605. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm12134417/s1
https://www.mdpi.com/article/10.3390/jcm12134417/s1
https://www.ncbi.nlm.nih.gov/pubmed/27222591
https://doi.org/10.1161/CIRCULATIONAHA.109.192703
https://www.ncbi.nlm.nih.gov/pubmed/20089546
https://doi.org/10.1161/CIR.0000000000000758
https://www.ncbi.nlm.nih.gov/pubmed/31992057
https://doi.org/10.1080/14779072.2021.1937127
https://doi.org/10.1002/clc.22836
https://doi.org/10.1016/j.ijcard.2016.03.210
https://doi.org/10.1016/j.mayocp.2018.05.035
https://doi.org/10.1161/JAHA.117.006904
https://doi.org/10.1016/j.ijcard.2016.08.025
https://doi.org/10.1007/s10654-010-9491-z


J. Clin. Med. 2023, 12, 4417 16 of 17

11. Cook, D.A.; Reed, D.A. Appraising the quality of medical education research methods: The Medical Education Research Study
Quality Instrument and the Newcastle-Ottawa Scale-Education. Acad. Med. 2015, 90, 1067–1076. [CrossRef] [PubMed]

12. Viechtbauer, W. Bias and Efficiency of Meta-Analytic Variance Estimators in the Random-Effects Model. J. Educ. Behav. Stat.
2005, 30, 261–293. [CrossRef]

13. Cochran, W.G. The combination of estimates from different experiments. Biometrics 1954, 10, 101. [CrossRef]
14. Higgins, J.P.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [CrossRef]
15. Viechtbauer, W.; Cheung, M.W. Outlier and influence diagnostics for meta-analysis. Res. Synth. Methods 2010, 1, 112–125.

[CrossRef] [PubMed]
16. Begg, C.B.; Mazumdar, M. Operating characteristics of a rank correlation test for publication bias. Biometrics 1994, 50, 1088–1101.

[CrossRef]
17. Sterne, J.A.C.; Egger, M. Regression Methods to Detect Publication and Other Bias in Meta-Analysis. In Publication Bias in

Meta-Analysis; John Wiley & Sons, Inc.: New York, NY, USA, 2005; pp. 99–110.
18. Team, R.C. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing. 2020. Available

online: https://www.R-project.org/ (accessed on 9 June 2023).
19. Viechtbauer, W. Conducting Meta-Analyses in R with the metafor Package. J. Stat. Softw. 2010, 36, 1–48. [CrossRef]
20. Miao, C.; Bao, M.; Xing, A.; Chen, S.; Wu, Y.; Cai, J.; Chen, Y.; Yang, X. Cardiovascular Health Score and the Risk of Cardiovascular

Diseases. PLoS ONE 2015, 10, e0131537. [CrossRef]
21. Díez-Espino, J.; Buil-Cosiales, P.; Babio, N.; Toledo, E.; Corella, D.; Ros, E.; Fitó, M.; Gómez-Gracia, E.; Estruch, R.; Fiol, M.; 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. Engl. Ed. 2020, 73, 205–211. [CrossRef]

22. Dong, Y.; Hao, G.; Wang, Z.; Wang, X.; Chen, Z.; Zhang, L. Ideal Cardiovascular Health Status and Risk of Cardiovascular Disease
or All-Cause Mortality in Chinese Middle-Aged Population. Angiology 2019, 70, 523–529. [CrossRef]

23. Zhou, L.; Zhao, L.; Wu, Y.; Wu, Y.; Gao, X.; Li, Y.; Mai, J.; Nie, Z.; Ou, Y.; Guo, M.; et al. Ideal cardiovascular health metrics and its
association with 20-year cardiovascular morbidity and mortality in a Chinese population. J. Epidemiol. Community Health 2018,
72, 752–758. [CrossRef] [PubMed]

24. Folsom, A.R.; Yatsuya, H.; Nettleton, J.A.; Lutsey, P.L.; Cushman, M.; Rosamond, W.D.; ARIC Study Investigators. Community
prevalence of ideal cardiovascular health, by the American Heart Association definition, and relationship with cardiovascular
disease incidence. J. Am. Coll. Cardiol. 2011, 57, 1690–1696. [CrossRef] [PubMed]

25. Fernandez-Lazaro, C.I.; Sayon-Orea, C.; Toledo, E.; Moreno-Iribas, C.; Guembe, M.J.; RIVANA Study Investigators. Association
of ideal cardiovascular health with cardiovascular events and risk advancement periods in a Mediterranean population-based
cohort. BMC Med. 2022, 20, 232. [CrossRef]

26. Isiozor, N.M.; Kunutsor, S.K.; Voutilainen, A.; Kauhanen, J.; Laukkanen, J.A. Life’s Simple 7 and the risk of stroke in Finnish men:
A prospective cohort study. Prev. Med. 2021, 153, 106858. [CrossRef] [PubMed]

27. Isiozor, N.M.; Kunutsor, S.K.; Voutilainen, A.; Kurl, S.; Kauhanen, J.; Laukkanen, J.A. Ideal cardiovascular health and risk of acute
myocardial infarction among Finnish men. Atherosclerosis 2019, 289, 126–131. [CrossRef] [PubMed]

28. Isiozor, N.M.; Kunutsor, S.K.; Voutilainen, A.; Kurl, S.; Kauhanen, J.; Laukkanen, J.A. American heart association’s cardiovascular
health metrics and risk of cardiovascular disease mortality among a middle-aged male Scandinavian population. Ann. Med.
2019, 51, 306–313. [CrossRef]

29. Ahmad, M.I.; Chevli, P.A.; Barot, H.; Soliman, E.Z. Interrelationships Between American Heart Association’s Life’s Simple 7, ECG
Silent Myocardial Infarction, and Cardiovascular Mortality. J. Am. Heart Assoc. 2019, 8, e011648. [CrossRef]

30. Yang, Q.; Cogswell, M.E.; Flanders, W.D.; Hong, Y.; Zhang, Z.; Loustalot, F.; Gillespie, C.; Merritt, R.; Hu, F.B. Trends in
cardiovascular health metrics and associations with all-cause and CVD mortality among US adults. JAMA 2012, 307, 1273–1283.
[CrossRef]

31. Ford, E.S.; Greenlund, K.J.; Hong, Y. Ideal cardiovascular health and mortality from all causes and diseases of the circulatory
system among adults in the United States. Circulation 2012, 125, 987–995. [CrossRef]

32. Liu, Y.; Chi, H.J.; Cui, L.F.; Yang, X.C.; Wu, Y.T.; Huang, Z.; Zhao, H.Y.; Gao, J.S.; Wu, S.L.; Cai, J. The ideal cardiovascular health
metrics associated inversely with mortality from all causes and from cardiovascular diseases among adults in a Northern Chinese
industrial city. PLoS ONE 2014, 9, e89161. [CrossRef]

33. Zhang, Q.; Zhou, Y.; Gao, X.; Wang, C.; Zhang, S.; Wang, A.; Li, N.; Bian, L.; Wu, J.; Jia, Q.; et al. Ideal cardiovascular health
metrics and the risks of ischemic and intracerebral hemorrhagic stroke. Stroke 2013, 44, 2451–2456. [CrossRef] [PubMed]

34. Itoh, H.; Kaneko, H.; Okada, A.; Suzuki, Y.; Fujiu, K.; Matsuoka, S.; Michihata, N.; Jo, T.; Nakanishi, K.; Takeda, N.; et al.
Age-Specific Relation of Cardiovascular Health Metrics with Incident Cardiovascular Disease. Am. J. Cardiol. 2022, 177, 34–39.
[CrossRef] [PubMed]

35. Han, C.; Liu, F.; Yang, X.; Chen, J.; Li, J.; Cao, J.; Li, Y.; Shen, C.; Yu, L.; Liu, Z.; et al. Ideal cardiovascular health and incidence
of atherosclerotic cardiovascular disease among Chinese adults: The China-PAR project. Sci. China Life Sci. 2018, 61, 504–514.
[CrossRef] [PubMed]

36. Gaye, B.; Tafflet, M.; Arveiler, D.; Montaye, M.; Wagner, A.; Ruidavets, J.B.; Kee, F.; Evans, A.; Amouyel, P.; Ferrieres, J.; et al.
Ideal Cardiovascular Health and Incident Cardiovascular Disease: Heterogeneity Across Event Subtypes and Mediating Effect of
Blood Biomarkers: The PRIME Study. J. Am. Heart Assoc. 2017, 6, e006389. [CrossRef]

https://doi.org/10.1097/ACM.0000000000000786
https://www.ncbi.nlm.nih.gov/pubmed/26107881
https://doi.org/10.3102/10769986030003261
https://doi.org/10.2307/3001666
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/jrsm.11
https://www.ncbi.nlm.nih.gov/pubmed/26061377
https://doi.org/10.2307/2533446
https://www.R-project.org/
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1371/journal.pone.0131537
https://doi.org/10.1016/j.recesp.2019.05.010
https://doi.org/10.1177/0003319718813448
https://doi.org/10.1136/jech-2017-210396
https://www.ncbi.nlm.nih.gov/pubmed/29653994
https://doi.org/10.1016/j.jacc.2010.11.041
https://www.ncbi.nlm.nih.gov/pubmed/21492767
https://doi.org/10.1186/s12916-022-02417-x
https://doi.org/10.1016/j.ypmed.2021.106858
https://www.ncbi.nlm.nih.gov/pubmed/34687730
https://doi.org/10.1016/j.atherosclerosis.2019.08.024
https://www.ncbi.nlm.nih.gov/pubmed/31509777
https://doi.org/10.1080/07853890.2019.1639808
https://doi.org/10.1161/JAHA.118.011648
https://doi.org/10.1001/jama.2012.339
https://doi.org/10.1161/CIRCULATIONAHA.111.049122
https://doi.org/10.1371/journal.pone.0089161
https://doi.org/10.1161/STROKEAHA.113.678839
https://www.ncbi.nlm.nih.gov/pubmed/23868276
https://doi.org/10.1016/j.amjcard.2022.04.046
https://www.ncbi.nlm.nih.gov/pubmed/35773045
https://doi.org/10.1007/s11427-018-9281-6
https://www.ncbi.nlm.nih.gov/pubmed/29721777
https://doi.org/10.1161/JAHA.117.006389


J. Clin. Med. 2023, 12, 4417 17 of 17

37. Gaye, B.; Canonico, M.; Perier, M.C.; Samieri, C.; Berr, C.; Dartigues, J.F.; Tzourio, C.; Elbaz, A.; Empana, J.P. Ideal Cardiovascular
Health, Mortality, and Vascular Events in Elderly Subjects: The Three-City Study. J. Am. Coll. Cardiol. 2017, 69, 3015–3026.
[CrossRef]

38. Ommerborn, M.J.; Blackshear, C.T.; Hickson, D.A.; Griswold, M.E.; Kwatra, J.; Djoussé, L.; Clark, C.R. Ideal Cardiovascular
Health and Incident Cardiovascular Events: The Jackson Heart Study. Am. J. Prev. Med. 2016, 51, 502–506. [CrossRef]

39. Lachman, S.; Peters, R.J.; Lentjes, M.A.; Mulligan, A.A.; Luben, R.N.; Wareham, N.J.; Khaw, K.T.; Boekholdt, S.M. Ideal
cardiovascular health and risk of cardiovascular events in the EPIC-Norfolk prospective population study. Eur. J. Prev. Cardiol.
2016, 23, 986–994. [CrossRef]

40. Kulshreshtha, A.; Vaccarino, V.; Judd, S.E.; Howard, V.J.; McClellan, W.M.; Muntner, P.; Hong, Y.; Safford, M.M.; Goyal, A.;
Cushman, M. Life’s Simple 7 and risk of incident stroke: The reasons for geographic and racial differences in stroke study. Stroke
2013, 44, 1909–1914. [CrossRef]

41. Kim, J.Y.; Ko, Y.J.; Rhee, C.W.; Park, B.J.; Kim, D.H.; Bae, J.M.; Shin, M.H.; Lee, M.S.; Li, Z.M.; Ahn, Y.O. Cardiovascular health
metrics and all-cause and cardiovascular disease mortality among middle-aged men in Korea: The Seoul male cohort study.
J. Prev. Med. Public Health 2013, 46, 319–328. [CrossRef]

42. Dong, C.; Rundek, T.; Wright, C.B.; Anwar, Z.; Elkind, M.S.; Sacco, R.L. 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. [CrossRef]

43. Artero, E.G.; España-Romero, V.; Lee, D.C.; Sui, X.; Church, T.S.; Lavie, C.J.; Blair, S.N. Ideal cardiovascular health and mortality:
Aerobics Center Longitudinal Study. Mayo Clin. Proc. 2012, 87, 944–952. [CrossRef]
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