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ARTICLE INFO ABSTRACT

Handling editor: D Levy Background: Metabolic syndrome (MetS) could increase the risk of cardiovascular disease (CVD) by 2-fold. Ideal
control of modifiable risk factors in Life’s Simple 7 (LS7) could reduce the CVD risk among the general popu-
lation. This study aimed to investigate the effects of controlling modifiable risk factors using LS7 in MetS to
prevent CVD.

Methods: 44463 participants in NHANES 1999-2018 were included. The primary endpoint was a composite of
CVD, including angina pectoris, coronary artery disease, myocardial infarction, congestive heart failure, and
stroke. Multivariable weighted logistic regression analyses estimated the associations. The diagnosis of MetS
complied with Harmonized International Diabetes Federation Criteria. Measurement of modifiable risk factors
used the 2010 American Heart Association LS7 guideline and was indicated by cardiovascular health (CVH).
Results: 14034 individuals were diagnosed with MetS. 4835 participants had CVD. The weighted mean CVH was
8.06 + 0.03. Intermediate and poor CVH were associated with increased risk for CVD in participants with similar
metabolic states compared to ideal CVH. By taking participants with metabolic health and ideal CVH as health
control, participants with MetS and poor CVH were demonstrated to have a 3-fold (adjusted odds ratio, 4.00; 95
% confidence interval, 3.21-4.98) greater risk for CVD. Notably, under the condition of ideal CVH, the risk of
having CVD was comparable between metabolic health and MetS after fully adjusted.

Conclusion: Ideal control of Life’s Simple 7 in metabolic syndrome contributes to a comparable risk of cardio-
vascular disease with healthy subjects. LS7 could be recognized as a guideline for secondary prevention in MetS.
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1. Introduction annual cost of CVD reached $407.3 billion in the United States (U.S.)

[1].

Cardiovascular disease (CVD) remains a major threat to global
health. According to Heart Disease and Stroke Statistics Update, CVD
has affected 607.64 million individuals globally and accounted for 19.05
million deaths in 2020 [1]. The growing epidemic of CVD also presents
substantial challenges to public healthcare, with which the estimated

Metabolic syndrome (MetS) is a clustering of cardiometabolic risk
factors manifested as insulin resistance, dyslipidemia, hypertension, and
abdominal obesity [2]. Growing evidence supports that MetS could in-
crease the risk of CVD by 2-fold and further contribute to mortality from
CVD causes [3]. Currently, MetS is becoming hyperendemic, with nearly

Abbreviations: ANOVA, one-way analysis of variance; BMI, body mass index; CVD, cardiovascular disease; CVH, cardiovascular health; CAD, coronary artery
disease; CHF, congestive heart failure; Cls, confidence intervals; DBP, diastolic blood pressure; FBG, fasting blood glucose; LS7, Life’s Simple 7; MetS, metabolic
syndrome; MI, myocardial infarction; NHANES, National Health And Nutrition Examination Survey; ORs, odds ratios; SBP, systolic blood pressure; SEs, standard

errors; TC, total cholesterol; US, United States.
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a quarter of the world population affected [4]. Thus, early prevention in
MetS might be beneficial in reducing the overall CVD burden.

Cardiovascular health (CVH), defined by the American Heart Asso-
ciation Life’s Simple 7 (LS7), has been shown to reduce the risk of
incident CVD among populations with diverse clinical manifestations [5,
6]. There are seven modifiable risk factors in LS7 which include health
behaviors (smoking, diet, physical activity) and biomarkers (body mass
index (BMI), blood pressure, total cholesterol, fasting glucose). Previous
studies demonstrated that ideal control of physical activity could lead to
a remarkable risk reduction of CVD in MetS [7,8]. It remains a need,
however, to investigate the combined effects of modifiable risk factors in
LS7 among people with MetS.

The present study aimed to examine the risk of CVD among U.S.
adults classified by metabolic states and control of modifiable risk fac-
tors, thus providing evidence-based advice in utilizing LS7 as a man-
agement tool in preventing CVD in MetS.

2. Methods
2.1. Data source and Study population

The National Health And Nutrition Examination Survey (NHANES) is
an ongoing, multiple cycles, cross-sectional study in the U.S [9]. Par-
ticipants in NHANES were sampled through a stratified, multistage
probability design to be representative of the noninstitutionalized U.S.
civilian population [10]. The current study primarily enrolled partici-
pants aged 20 to 85 from NHANES 1999-2018 with data on de-
mographics, biometric measures, and health questionnaires. A total of
10618 participants with missing baseline and follow-up information
were excluded. Overall, 44463 participants were included in the final
analysis. The screening process is shown in Fig. 1.

2.2. Endpoints and measurements

The primary endpoint was a composite of CVD, including angina
pectoris, coronary artery disease (CAD), myocardial infarction (MI),
congestive heart failure (CHF), and stroke. The individual components
of the primary endpoint were analyzed separately as secondary end-
points. Identification of these conditions was based on self-reported
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medical history via home interviews. Participants who answered “yes”
to question MCQ160B-F, “Have you ever been told by a doctor or health
professional that you had CAD/angina (angina pectoris)/heart attack
(MI)/stroke/CHF?” were perceived as having a history of CVD.

Diagnosis of MetS conformed to the Harmonized International Dia-
betes Federation Criteria [2], in which participants have>3 the
following components were considered as having MetS: (1) triglyceride
level>150 mg/dl; (2) high-density lipoprotein-cholesterol<40 mg/dl in
male and<50 mg/dl in female; (3) systolic blood pressure (SBP)>130
mmHg or diastolic blood pressure (DBP)>85 mmHg or treated; (4)
fasting blood glucose (FBG)>100 mg/dl or treated; (5) waist circum-
ference>102 c¢cm in male and>88 cm in female. Conditions of MetS in
participants were categorized as metabolic unhealth or otherwise
metabolic health.

Control of modifiable risk factors was indicated by CVH. We used the
2010 American Heart Association LS7 guideline to evaluate CVH [11].
LS7 components were assigned a score of 2 if total cholesterol (TC) <
200 mg/dL and untreated, FBG<100 mg/dL and untreated, SBP<120
mmHg and DBP<80 mmHg, 18.5<BMI<25 kg/m? never smoked or
quit>1 year, physical activity>150 min/week of moderate and vigorous
intensity, or healthy diet components>4. LS7 components were assigned
a score of 1 if 200<TC < 239 mg/dL or treated, 100<FBG<125 mg/dL
or treated, 120<SBP<139 mmHg or 80<SBP<89 mmHg or treated,
25<BMI<30 kg/m? quit smoking<1 year, 1<physical activity<149
min/week of moderate and vigorous intensity, or 3<healthy diet
components<4. LS7 components were assigned a score of 0 if TC > 240
mg/dL, FBG>126 mg/dL, SBP>140 mmHg or DBP>90 mmHg, BMI>30
kg/m?, current smoking, none of the physical activity, or healthy diet
components<1. The healthy diet components were derived from Dietary
Approaches to Stop Hypertension eating pattern [12]. Overall
scores>10 were regarded as ideal CVH, <5 were poor CVH and other-
wise were intermediate CVH.

2.3. Statistical analysis

Considering the stratified and multistage probability sampling in
NHANES, we used the full sample mobile examination center exam
weight and the Taylor series linearization method to estimate national
estimates for all analyses and standard errors (SEs), respectively

[ Participants from NHANES 1999-2018 ]

aged 20-85 years
(n=55081)

1790 participants were excluded:
e missing diagnosis of diseases (diabetes,
hypertension, dyslipidemia) (n=471);
e missing self-reported diseases (CIIF,
CAD, angina pectoris, heart attack,
stroke) (n=1319)

8828 participants were excluded:

¢ missing demographic data (age, sex,
ethnicity, marital status, PIR,
education, smoking status. BMI)
(n=8825):;

¢ not eligible for defining MetS (n=3).

Y
Final analysis
(n=44463)
Metabolic Metabolic Metabolic Metabolic Metabolic Metabolic
Health Health Health Unbhealth Unhealth Unbhealth
Idcal CVH Intcrmediate CVH] Poor CVH Tdcal CVH Intcrmediatc CVH Poor CVH

Fig. 1. Flowchart of study participants. BMI, body mass index, CHF, congestive heart failure, CAD, coronary artery disease, CVH. Cardiovascular health, MetS,
metabolic syndrome, NHANES, national health and nutritional examination surveys, PIR, poverty income ratio.



R. Shen et al.

[13-16].

The Kolmogorov-Smirnov test assessed the distribution of contin-
uous variables. The baseline characteristics were summarized through
descriptive statistics, reporting the weighted mean and SEs for normally
distributed continuous variables, while non-normally distributed vari-
ables were presented as weighted medians and interquartile ranges. The
categorical variables were reported as numbers and weighted pro-
portions. The Rao-Scott y? tests compared the differences between
groups in categorical variables. The two-sample Student’s t-test inves-
tigated the difference between normally distributed variables and the
Mann-Whitney U test was used for non-normally distributed variables.
The comparisons across multiple groups for continuous variables were
performed by the one-way analysis of variance (ANOVA).

Multivariable weighted logistic regression analyses were used to
estimate odds ratios (ORs) and 95 % confidence intervals (CIs) for the
associations between metabolic CVH groups and endpoints. Covariates
included in the multivariable model were based on clinical importance
and previously published studies: age (continuous), sex (male or fe-
male), ethnicity (White or Non-White), marital status (living with a
spouse/partner or living without a spouse/partner), poverty income
ratios (PIR) (low1.3, 1.3<middle<3.5, hig>3.5), and educational level
(<9th grade, 9-11th grade, high school graduate, some college or AA
degree, >college graduate). Model 1 was unadjusted. Model 2 was
adjusted with robust adjustment for the above covariates to control
potential confounding effects.

We used R (Version 4.2.2) for all statistical analyses. The complexity
of the sampling design was considered in each analysis by specifying
primary sampling units, strata, and sample weights using the R package
‘survey’ (Version 4.1-1). Two-sided P values < 0.05 were considered

Table 1
Characteristics of participants by metabolic state and cardiovascular health.
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statistically significant.
3. Results
3.1. Participants characteristics

A total of 44463 participants (weighted mean age 46 years, 50.46 %
female) were included. There were 14304 individuals (weighted pro-
portion 29.80 %) diagnosed with MetS. Among the metabolic CVH
groups, individuals without MetS but ideal CVH were presented as
younger, female, highly educated, and living with a spouse/partner. In
addition, the PIR<1.3, current smoking, BMI>25 kg/mZ, and prevalence
of co-morbidities of hypertension, dyslipidemia, diabetes, and CVD were
less common in the metabolic health participants with ideal CVH
(Table 1).

The CVD was found prevalent in 4835 participants (weighted pro-
portion 8.44 %). In contrast to participants without CVD, those with
CVD were more likely to be older, male, white ethnicity, less educated,
living alone, current smokers, and BMI>25 kg/mz. Moreover, the
PIR<1.3, MetS, low CVH, and co-morbidities of hypertension, dyslipi-
demia, and diabetes were more frequent in participants with CVD
(Table 2).

3.2. CVH and primary and secondary endpoints in participants with
similar metabolic states

In participants with MetS, intermediate and poor levels of CVH were
found to be associated with an increased risk of CVD compared with the
ideal CVH. After the adjustment for covariates, the intermediate and

Total (n = Metabolic Health Metabolic Unhealth
44463) Ideal CVH (n = Intermediate CVH (n = Poor CVH (n = Ideal CVH (n = Intermediate CVH (n = Poor CVH (n =
9898) 18123) 2138) 1124) 11092) 2088)

Age, yrs 46.90 + 0.19 38.53 £ 0.26 45.26 + 0.20 51.99 + 0.43 51.83 + 0.63 56.01 + 0.22 57.93 £ 0.34
Female, n (%) 22437(51.26) 5542(56.53) 8689(49.10) 1117(53.08) 567(49.56) 5449(48.70) 1073(52.65)
White ethnicity, n (%) 20080(69.27) 4581(70.19) 7885(66.79) 837(62.29) 577(75.32) 5376(73.48) 824(65.20)
Living alone, n (%) 17716(36.11) 3877(36.09) 7259(37.12) 1003(44.53) 375(29.01) 4262(33.33) 940(39.74)
Education, n (%)

>college graduate 9794(22.03) 3547(42.49) 3272(22.90) 215(12.17) 387(40.29) 2179(25.18) 194(11.13)

some college or AA 12803(28.79) 3045(30.70) 5222(31.59) 522(27.89) 321(31.14) 3155(31.44) 538(30.37)

degree

high school graduate 10313(23.19) 1787(17.28) 4505(26.62) 549(29.75) 206(17.61) 2729(26.13) 537(29.39)

9-11th grade 6491(14.6) 930(6.43) 2946(12.87) 483(20.21) 117(7.62) 1564(10.83) 451(18.71)

<9th grade 5062(5.58) 589(3.10) 2178(6.03) 369(9.98) 93(3.34) 1465(6.41) 368(10.40)
PIR, n (%)

<1.3 13631(21.28) 2535(17.78) 5997(23.95) 905(33.09) 246(13.22) 3150(18.37) 798(29.88)

1.3-3.5 16962(38.15) 3465(31.89) 7018(37.24) 848(40.93) 407(32.58) 4364(36.87) 860(39.70)

>3.5 13870(31.19) 3898(50.33) 5108(38.80) 385(25.98) 471(54.21) 3578(44.76) 430(30.42)
Smoking habits, n (%)

Current 9465(21.65) 790(7.92) 5318(31.73) 947(49.35) 28(2.31) 1578(14.70) 804(41.57)

Former 11021(24.79) 1351(15.47) 4384(24.25) 615(27.13) 186(17.59) 3670(34.23) 815(37.76)

Never 23977(53.93) 7757(76.61) 8421(44.01) 576(23.53) 910(80.10) 5844(51.07) 469(20.67)
BML, kg/m?, n (%)

>25 31176(68.76) 3732(36.96) 12799(71.79) 1939(91.95) 761(72.26) 9897(90.68) 2048(98.55)

18.5-25 12578(28.29) 5841(59.78) 5009(26.60) 180(7.40) 354(27.07) 1156(8.96) 38(1.40)

<185 709(1.59) 325(3.26) 315(1.61) 19(0.65) 9(0.66) 39(0.36) 2(0.05)
Hypertension, n (%) 18785(36.85) 938(8.46) 5988(28.97) 1392(61.73) 555(45.79) 8085(69.91) 1827(84.14)
Diabetes, n (%) 7626(12.60) 149(1.16) 2186(8.63) 801(33.87) 81(4.97) 3183(23.41) 1226(53.90)
Dyslipidemia, n (%) 30748(68.50) 4380(44.07) 13366(74.83) 1376(65.39) 651(59.48) 9025(82.90) 1950(94.67)
CVD, n (%) 4835(8.44) 279(2.34) 1699(7.33) 427(16.79) 104(6.96) 1783(13.63) 543(24.10)

Angina pectoris, n 1263(2.40) 71(0.61) 420(1.96) 109(4.60) 29(2.00) 489(4.12) 145(7.16)

(%)

CAD, n (%) 1811(3.34) 94(0.81) 630(2.82) 152(6.00) 45(3.25) 706(5.81) 184(8.89)

ML, n (%) 1898(3.31) 102(0.88) 646(2.75) 188(7.09) 39(2.47) 684(5.39) 239(10.54)

CHF, n (%) 1382(2.22) 52(0.37) 454(1.73) 151(5.82) 22(1.13) 530(3.89) 173(7.40)

Stroke, n (%) 1680(2.76) 93(0.75) 590(2.42) 167(6.51) 35(2.27) 595(4.12) 200(8.68)
LS7 score 8.06 + 0.03 10.95 + 0.02 7.48 +0.02 3.28 + 0.03 10.39 + 0.03 6.98 + 0.02 3.47 + 0.02

AA, academic assistant; ASCVD, atherosclerotic cardiovascular disease, BMI, body mass index; CVD, cardiovascular disease; CAD, coronary artery disease; CHF,
congestive heart failure; CVH, cardiovascular health; LS7, life’s simple 7; MI, myocardial Infarction; PIR, poverty income ratio. All p values were<0.001.
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Table 2
Characteristics of participants by the primary endpoint.

CVD (n = 4835) No-such Events (n = 39628)

Age, yrs 64.35 £ 0.29 45.29 £ 0.18
Female, n (%) 2093(46.30) 20344(51.72)
White ethnicity, n (%) 2731(76.23) 17349(68.63)
Living alone, n (%) 2108(39.19) 15608(35.83)

Education, n (%)
>college graduate
some college or AA degree

697(18.29)
1245(28.39)

9097(29.19)
11558(31.37)

high school graduate 1211(27.68) 9102(23.66)
9-11th grade 875(15.56) 5616(10.62)
<9th grade 807(10.07) 4255(5.16)
PIR, n (%)
<1.3 1778(28.14) 11853(20.64)
1.3-3.5 1981(41.14) 14981(35.35)
>3.5 1076(30.72) 12794(44.01)
Smoking habits, n (%)
Current 972(21.76) 8493(21.64)
Former 1976(39.84) 9045(23.28)
Never 1887(38.40) 22090(55.08)
BMI, kg/m?, n (%)
>25 3724(78.43) 27452(67.87)
18.5-25 1043(20.15) 11535(30.48)
<185 68(1.42) 641(1.65)
Hypertension, n (%) 3741(73.94) 15044(33.43)
Diabetes, n (%) 1909(35.29) 5717(10.51)
Dyslipidemia, n (%) 4108(87.08) 26640(66.79)
Angina pectoris, n (%) 1263(28.39) 0(0.00)
CAD, n (%) 1811(39.59) 0(0.00)
MI, n (%) 1898(39.25) 0(0.00)
CHF, n (%) 1382(26.30) 0(0.00)
Stroke, n (%) 1680(32.64) 0(0.00)
MetS 2430(50.33) 11874(27.91)
LS7 score 6.53 £+ 0.04 8.20 £ 0.03
CVH
Ideal 383(9.62) 10639(31.04)
Intermediate 3482(72.56) 25733(62.50)
Poor 970(17.82) 3256(6.46)

BMI, body mass index; CVD, cardiovascular disease; CAD, coronary artery dis-
ease; CHF, congestive heart failure; CVH, cardiovascular health; LS7, life’s
simple 7; MetS, metabolic syndrome; MI, myocardial Infarction; PIR, poverty
income ratio.

poor CVH increased the CVD risk by 65 % (OR, 1.65; 95 % CI, 1.28-2.13)
and 162 % (OR, 3.10; 95 % CI, 2.32-4.14), respectively. Similar trends
were observed for metabolic health participants (Table 3).

Significant and inverse associations between CVH and the compo-
nents of CVD were shown regardless of the metabolic states. By taking
the ideal CVH as a reference, it was identified that intermediate and poor
CVH metrics were associated with elevated risk for angina pectoris,
CAD, MI, CHF, and stroke (Table S1-S5).

3.3. Metabolic CVH and primary and secondary endpoints

Correlations between the metabolic CVH and endpoints were sum-
marized in Fig. 2. By taking the metabolic health participants with ideal
CVH as the health control, participants with decreasing levels of CVH
and/or MetS had elevated risk for CVD. Particularly, the cumulative
effects of metabolic unhealth and poor CVH were demonstrated to have

Table 3
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a 3-fold (adjusted OR, 4.00; 95 % CI, 3.21-4.98) greater risk for CVD
than the health control. Of note, under the condition of ideal CVH, the
risk of having CVD was comparable between metabolic health and MetS
after fully adjusting for covariates.

Similarly, elevated risk for angina pectoris, CAD, MI, CHF, and stroke
in participants with unfavorable CVH and/or MetS was observed
compared to the health control (all p < 0.05). After adjustment for the
covariates, the risk of having angina pectoris, CAD, MI, CHF, and stroke
was non-significant between metabolic health and MetS (all p > 0.05)
(Tables S6-S10).

4. Discussion

This is the first study investigating the effects of LS7 in MetS. It was
indicated that ideal control of LS7 was associated with decreased risk of
CVD in participants with and without MetS. Moreover, the associations
between MetS and CVD were attenuated under ideal CVH. Taken
together, these observations suggested that the combined control of
modifiable risk factors in LS7 contributed to protection against CVD, and
LS7 could be recognized as a guideline for secondary prevention in
MetS.

Modifiable risk factors, such as disturbed lipid and glucose meta-
bolism and sedentary behaviors, are prominent cardiovascular risk
factors. It has been shown that modifiable cardiovascular risk factors
accounted for over 90 % risk for developing CVD [17]. Thus, modifi-
cations in metabolic disorders and lifestyle are the cornerstone of CVD
management. Reports from clinical trials and epidemiological studies
prove the positive impacts of controlling modifiable risk factors in pre-
venting CVD among the general population and MetS [18-20]. Over the
past decade, advances were further made in investigating the combined
effects of modifiable risk factors. For instance, behavior counseling in-
terventions of physical activity and a healthy diet were found to
significantly benefit CVD risk reduction [21]. In this respect, the LS7
could act as a guideline for a comprehensive reflection of the modifiable
risk factors and give an overall evaluation of control through CVH
metrics. In support of this, evidence is accumulating on the role of ideal
CVH in reducing incident CVD [22]. Additionally, results from
case-control studies have discovered that the prevalence of MetS and
unfavorable levels of CVH were significantly higher in patients with
CVD compared to those free of CVD [23,24].

Consistent with the prior findings, our study confirmed that CVH was
inversely correlated with the risk of CVD in participants with and
without MetS. Moreover, regarding metabolic health and ideal CVH as
the health control, participants with different metabolic states and
aggravating levels of CVH were associated with increased CVD risk,
ranging from 81 % to 300 % after adjustment. Intriguingly, the ideal
CVH offsets the CVD risk in participants with MetS. Taken together, our
study extended the preexisting evidence that ideal control of the
modifiable risk factors in LS7 could attenuate the risk of CVD in MetS.
The LS7 might be a promising preventive strategy in MetS for CVD.
Future studies are needed to validate our findings.

In a meta-analysis involving 87 studies and 951083 participants,
MetS was associated with a 1.99-fold and 2.27-fold increased risk for MI
and stroke, respectively [3]. Besides, physical activity, a leading modi-
fiable risk factor, was discovered to correlate with the risk of CAD, CHF,

Risk of cardiovascular disease according to cardiovascular health in participants with similar metabolic states.

CVH Metabolic Health Metabolic Unhealth

OR 95 % CI Adjusted OR 95 % CI OR 95 % CI Adjusted OR 95 % CI
Ideal 1.00 Ref 1.00 1.00 Ref 1.00 Ref
Intermediate 3.31 2.71-4.03 1.81 1.48-2.22 2.11 1.67-2.67 1.65 1.28-2.13
Poor 8.43 6.76-10.53 3.13 2.46-3.99 4.25 3.23-5.58 3.10 2.32-4.14

CI, confidence interval; CVH, cardiovascular health; OR, odds ratio. Adjusted OR for age (continuous), sex, ethnicity, marital status, poverty income ratio, and

educational level. All p values < 0.001.
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Adjusted OR (95% CI) p values

Metabolic Health and Ideal CVH 1.00(Ref) Ref .

Metabolic Health and Intermediate CVH  1.81(1.48-2.22) <0.001 E

Metabolic Health and Poor CVH 3.13(2.46-3.99) <0.001 ==

Metabolic Unhealth and Ideal CVH 1.29(0.98-1.71) 0.07 e

Metabolic Unhealth and Intermediate CVH 2.13(1.78-2.56) <0.001 §

Metabolic Unhealth and Poor CVH 4.00(3.21-4.98) <0.001 "
012 4 6

Odds ratio (95%CI)

Fig. 2. Risk of cardiovascular disease by metabolic state and cardiovascular health. CVH. Cardiovascular health, CI, confidence interval; OR, odds ratio.

and stroke in a dose-response way [25]. In concert with these, the pre-
sent study observed similar trends between metabolic CVH groups and
the risk of angina pectoris, CAD, MI, CHF, and stroke. However, the
mechanisms behind the associations remain elusive. It was proposed
that the increased CVD risk in MetS was attributable to co-morbidities of
cardiovascular risk factors and was further compounded by poor CVH
that comprises smoking, physical inactivity, and an unhealthy diet [26].
Modifying the modifiable risk factors indicated by ideal CVH could lead
to metabolic profile improvements, vascular conditioning, reverse car-
diac remodeling, and cardiomyocyte molecular adaptations, conse-
quently improving cardiovascular outcomes [26]. Therefore, we
concluded that the interactions between the metabolic CVH and the risk
of CVD were biologically plausible and might be mediated through
multiple pathophysiological mechanisms.

Although our study highlighted the combined effects of modifiable
risk factors in LS7 for the risk of CVD among people with and without
MetS after controlling for potential covariates, public health factors,
such as socioeconomic status and educational level, play indispensable
roles in the development of CVD in MetS [27,28]. Thus, it calls for more
attention and effort in addressing the barriers to social determinants of
health. Furthermore, LS7 could imply the accessibility to medications
and healthy foods by the CVH score. In this case, the utilization of LS7 in
the management of MetS might have implications in healthcare as well.

There are some limitations in our study. First, the associations in our
study were not causal, given the cross-sectional design. Prospective
research and randomized clinical trials are needed to validate our
findings and the practicality of the LS7 in MetS. Second, restricted by the
incomplete data on sleep and anxiety in NHANES, life’s essential 8 [29]
and circadian syndrome [30], the updated concepts of LS7 and MetS,
could not be considered for investigation. Based on this, we hope our
study established a base for future studies and provided preliminary
evidence for the combined effects of modifiable risk factors in MetS.
Third, there might be recall bias in the self-reported interviews. Fourth,
although we have adjusted for known potential covariates, the possi-
bility of unmeasured confounding remains. Finally, interpreting our
results needs to be cautious as the present study focused on the US
population.

5. Conclusion

In this nationwide population-based study, we discovered that ideal
control of LS7, combining modifiable risk factors of lifestyle and bio-
markers, could attenuate the risk of CVD in MetS. Our study recognized
the significance and clinical implications of LS7 in the management of
MetS. Further research is needed to validate our findings and provide
complementary evidence.
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