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Abstract 

Background  This research aims to elucidate the gender differences in the association between cardiovascular dis-
ease (CVD) prevalence and Life’s Essential 8 (LE8), a recently updated measure of cardiovascular health (CVH).

Methods  This study included participants from the National Health and Nutrition Examination Survey (NHANES) 
between 2005 and 2018.The scores of LE8, health behavior, health factor and each metric based on diet, physical 
activity, nicotine exposure, sleep health, body mass index, blood lipid, blood glucose, and blood pressure were clas-
sified as low (0–49 points), moderate (50–79 points), and high (80–100 points). The scores of LE8, health behavior 
and health factor as continuous variables were also used for dose–response analysis. The main outcomes included 
the prevalence of CVD. The definition of CVD based on self-reported history of coronary heart disease or stroke.

Results  A total of 23,307 individuals were included in this analysis. Participants with CVD had significantly lower 
LE8 scores compared to those without CVD, and females demonstrated higher CVH levels compared to males 
including total LE8 scores and the scores of diet, nicotine exposure, blood lipid, blood glucose, and blood pressure 
(P < 0.05). Moreover, the LE8 score demonstrated a non-linear association with CVD in both males and females (all 
P-values for non-linearity were < 0.001). Furthermore, compared to the low LE8 level, a high LE8 level was associated 
with a 78% decreased risk of CVD in males (HR: 0.22, 95% CI: 0.16–0.31) and an 83% decreased risk in females (HR: 0.17, 
95% CI: 0.11–0.26). Consistently, compared to low levels of health behaviors and health factors, higher levels were 
significantly associated with a decreased risk of CVD in both males and females (All P < 0.001). Additionally, the area 
under the curve (AUC) for the total LE8 score in CVD discrimination was significantly higher in females than in males 
(P < 0.001).

Conclusion  Higher CVH scores were associated with a lower risk of CVD, especially in females. These findings high-
light the need for gender-specific preventive strategies in CVH promotion, with a particular focus on improving LE8 
scores in high-risk populations.
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Introduction
Cardiovascular disease (CVD), including coronary heart 
disease (CHD) and stroke, has consistently ranked as a 
top cause of mortality worldwide over the past century, 
accounting for 26.6% and 27.4% of fatalities among males 
and females, respectively [1]. In China, the rates are 
even higher, with CVD responsible for 38.9% of deaths 
in females and 35.5% in males [2]. The economic impact 
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of CVD is significant, costing an estimated average of US 
$363.4 billion annually between 2016 and 2017 [3]. Pro-
jections suggest that by 2030, CVD will lead to 20 million 
deaths worldwide [4]. It is imperative to effectively man-
age patients with CVD and prevent future CV events in 
high-risk individuals.

The concept of cardiovascular health (CVH) is widely 
known and acknowledged. However, there is a lack of 
tools for defining and measuring CVH levels in individu-
als and populations. To address this issue, the American 
Heart Association (AHA) put forth Life’s Simple 7 (LS7) 
in 2010 for the evaluation and tracking of CVH, with the 
goal of improving the health of individuals and popula-
tions. LS7 comprises 7 metrics that can be modified, 
including physical activity (PA), diet, body mass index 
(BMI), smoking, blood pressure, blood glucose, and total 
cholesterol (TC) [5]. Research has indicated that the 
prevalence of ideal CVH is extremely low (< 1%) in all 
age groups [6], yet individuals with increased CVH levels 
experience significantly reduced risks of CV events and 
mortality [7, 8]. Despite the broad use of LS7 in forecast-
ing health outcomes [9, 10], its limitations have become 
apparent, particularly regarding gender differences. LS7 
fails to capture certain critical aspects of health, such as 
sleep health, and does not sufficiently account for varia-
tions among individuals, especially between genders. For 
instance, while smoking rates differ significantly between 
males and females, LS7’s simplistic framework does not 
effectively reflect these differences. To address these 
shortcomings, Life’s Essential 8 (LE8) score has been 
proposed. LE8 score  enhances the evaluation of CVH 
by defining eight metrics on a scale from 0 to 100, ena-
bling a more detailed and nuanced assessment of health 
behaviors and factors. Notably, LE8 score includes modi-
fications that specifically address gender-related issues. 
For example, by incorporating sleep quality as a metric, 
LE8  score recognizes the significant impact of sleep on 
CVH—an aspect that predominantly affects females. Fur-
thermore, LE8’s structure enables a more sensitive detec-
tion of individual differences. This allows for a better 
understanding of how various lifestyle factors, including 
diet, PA, and smoking behaviors, differ between genders 
and influence CVH [11]. The latest research found that, 
compared with LS7, LE8 score showed superior ability in 
predicting coronary arteriosclerosis, stroke, and depres-
sion [12–14].

The LE8 score serves as a comprehensive indicator of 
CVH and overall health. It has been instrumental in pre-
dicting a wide range of health outcomes including men-
tal health disorders [15], liver disease [16], gum disease 
[17], hyperuricemia [18], diabetes [19], hypertension, 
and metabolic diseases [20]. Additionally, LE8 score has 
shown strong predictive power for CV-related events and 

deaths [21, 22]. Although some studies have explored the 
relationship between LE8 score and the risk of CVD in 
young adults and diabetic populations [23, 24], its gen-
der-specific predictive performance remains unexplored. 
Most existing diagnostic criteria for CVD overlook these 
gender differences. They fail to account for anatomical 
and physiological variations between males and females, 
as well as lifestyle choices that may differ by gender. We 
hypothesized that higher LE8 scores would be associ-
ated with a lower risk of CVD, with potential differences 
between males and females. Therefore, this study aims to 
bridge these gaps by analyzing data from a large public 
database to explore the associations between LE8 score, 
health behaviors and health factors, and the prevalence 
of CVD in the general population. Furthermore, it seeks 
to investigate potential gender-specific variations in these 
relationships to provide insight into gender-specific CVD 
prevention strategies or policy changes.

Materials and methods
Study population and design
The National Health and Nutrition Examination Survey 
(NHANES) is a continuous cross-sectional survey man-
aged by the U.S. Centers for Disease Control and Preven-
tion (CDC). It employs intricate multistage probability 
sampling to choose a representative sample of Ameri-
cans, examining the health and nutritional status of both 
adults and children, offering important health statistics 
for the country. The research protocol of NHANES was 
sanctioned by the Ethical Review Board of the National 
Center for Health Statistics (NCHS), with all participants 
consenting in writing. The survey data involves six com-
ponents, such as demographic details, dietary informa-
tion, physical and laboratory tests, questionnaires, and 
data with restricted access. The majority of data, exclud-
ing private information like minors’ substance use or 
infectious disease data, can be found on the NHANES 
official website (https://​www.​cdc.​gov/​nchs/​nhanes/​index.​
html). This specific study examined 70,190 individuals 
from 2005 to 2018, after excluding those under 20 years 
old (n = 30,441), individuals with incomplete CVH status 
(n = 5,621), or LE8-related questionnaires (n = 10,821). 
The final sample comprised 23,307 participants, with an 
equal distribution of males (49.2%) and females (50.8%).

Calculation of the LE8 score
The LE8 score is composed of eight different elements, 
which are diet, nicotine exposure, PA, sleep, BMI, blood 
glucose levels, blood lipid levels, and blood pressure. 
Each of these elements was evaluated on a scale ranging 
from 0 to 100, the LE8 score was calculated as the aver-
age value of the eight components [11]. Diet, nicotine 
exposure, PA, and sleep patterns were obtained through 
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standardized NHANES questionnaires. BMI, blood glu-
cose, blood lipids, and blood pressure were determined 
through clinical/laboratory measurements. AHA catego-
rized LE8 scores into three groups: low (0–49 points), 
moderate (50–79 points), and high (80–100 points) [11]. 
Additionally, a composite health score that includes both 
health behaviors and health factors was calculated. The 
health behavior score was the average of the scores for 
diet, nicotine exposure, PA, and sleep. The health factor 
score was the average of the scores for BMI, blood glu-
cose levels, blood lipid levels, and blood pressure, all on 
a 0 to 100 scale. Moreover, these health behaviors and 
health factors were transformed into categorical variables 
with the same defined categories of low (0–49 points), 
moderate (50–79 points), and high (80–100 points). We 
have provided a detailed explanation of the calculation 
methods of LE8 and its eight sub-scores in Supplemen-
tary Table 1.

Diagnosis of CVD
Participants diagnosed with CHD or who had a history 
of stroke were grouped under CVD. Diagnoses of CHD 
and stroke were established based on participants’ self-
reported medical histories. Participants responded to 
queries like ’Has a doctor ever informed you that you 
have CHD?’ and ’Has a medical professional ever told you 
that you have angina?’ Positive responses to any of these 
queries indicated that the participant had CHD. Likewise, 
if a participant confirmed that a medical professional had 
previously diagnosed them with a stroke, they were clas-
sified as having had a stroke.

Covariates assessment
In the study, various covariates were scrutinized to 
understand their potential impact. Education level was 
grouped by years of schooling, varying from less than 
high school to college education or higher. Diabetes was 
defined in various manners: self-reported history of dia-
betes, fasting blood glucose (FBG) ≥ 7.0  mmol/L, glyco-
sylated hemoglobin, type A1C（HbA1c) ≥ 6.5%, or use of 
hypoglycemic drugs or insulin [25]. Smoking status was 
categorized into non-smokers, former smokers, and cur-
rent smokers. Current smoker were defined as individu-
als who have smoked more than 100 cigarettes in their 
lifetime and are still smoking; former smokers as those 
who have smoked more than 100 cigarettes in their life-
time but have since quit; and non-smokers as those who 
have smoked fewer than 100 cigarettes in their lifetime 
[26]. Drinking status was classified into drinkers and 
non-drinkers. Drinkers were defined as individuals who 
consumed 12 or more alcoholic beverages in the past 
year, while those who consumed fewer than 12 were clas-
sified as non-drinkers [27]. Hypertension was defined as 

a self-reported history of hypertension, systolic blood 
pressure (SBP) ≥ 140  mmHg, diastolic blood pressure 
(DBP) ≥ 90  mmHg, or use of antihypertensive medica-
tions [28].

Statistical analyses
Participants who had missing independent and outcome 
variables were excluded during the data processing phase, 
while missing covariates were supplemented through 
multiple imputation techniques. To accommodate the 
multi-stage sampling design used in the NHANES, data 
were weighted according to official guidelines to miti-
gate errors resulting from complex sampling. According 
to the official NHANES documentation, since the LE8 
score incorporates FBG data, participants with missing 
FBG data were excluded. Therefore, the weight used in 
this study is the fasting subsample weight (WTSAF2YR) 
divided by the number of cycles (7). This study aimed to 
investigate gender differences in CVH, with all analyses 
stratified by gender. Continuous variables were com-
pared between CVD groups using independent sample 
t-tests, while categorical variables were analyzed using 
the chi-square test. Covariates with a between-group 
P-value < 0.1 were considered for inclusion in the multi-
variable logistic regression analysis. Subsequently, covari-
ates related to LE8 score calculation, such as TC, HDL-C, 
FBG, HbA1c, PA, smoking status, hypertension, and 
diabetes, were further excluded to avoid multicollinear-
ity (for details on LE8 score calculation, see Supplemen-
tary Table 1). Finally, multicollinearity was assessed, and 
covariates with a variance inflation factor (VIF) > 5 were 
iteratively removed until all included covariates showed 
no multicollinearity. A stacked column chart was uti-
lized to graphically depict the distribution of LE8 scores 
across genders. A four-knot restricted cubic spline (RCS) 
regression model was implemented to assess potential 
nonlinear associations among LE8 scores, health behav-
iors, health factors, and CVD. Weighted multivariate 
logistic regression analyses were conducted to evaluate 
the relationship between LE8 scores, health behaviors, 
health factors, and the prevalence of CVD. Results were 
reported as odds ratios (ORs) with corresponding 95% 
confidence intervals (CIs). Model 1 didn’t adjust; Model 
2 additionally adjusted for covariates such as age, race, 
education, and ratio of family income to poverty (PIR) 
[29]; and Model 3 further accounted for potential con-
founders like aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), TG, low-density lipoprotein 
(LDL-C), and alcohol consumption. The predictive capa-
bilities of LE8 scores, health behaviors, and health factors 
for CVD were assessed using receiver operating charac-
teristic (ROC) curve analysis. The DeLong test was used 
to statistically compare AUC values between males and 
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females. Statistical analyses were completed using R ver-
sion 4.3.0, with a significance threshold set at P < 0.05.

Results
Baseline characteristics of study participants by CVH
The study meticulously examined data from 23,307 
NHANES participants collected between 2005 and 2018 
(Fig.  1). Among these participants, there were 11,468 
males (49.2%) and 11,839 females (50.8%). Both males 
and females diagnosed with CVD were found to have 
lower income, education levels, and HDL-C, along with 
high levels of FBG, BMI, and higher prevalence of hyper-
tension, and diabetes, in contrast to those without CVD 
(P < 0.001). Importantly, the CVD group exhibited sig-
nificantly lower LE8 scores and 8 metric scores in com-
parison to the non-CVD group, independent of gender 
(P < 0.001) (Table 1).

Gender differences in CVH levels
Table 2 showed gender disparities in LE8 and eight met-
ric scores. Overall, females demonstrated superior LE8 
scores compared to males. More specifically, females 
achieved higher scores in health parameters such as diet, 
nicotine exposure, blood lipid, blood glucose, and blood 
pressure, while showing lower scores in PA and BMI rela-
tive to males (P < 0.05). Figure 2 graphically represented 
the differences in the eight metric levels between males 
and females, which were consistent with those in Table 2, 
indicating that females had a higher proportion of indi-
viduals with moderate and high levels of CVH in terms 
of diet, nicotine exposure, blood lipid, and blood glucose 

levels, while females have a lower percentage of moderate 
and high levels of CVH individuals in terms of PA and 
BMI.

RCS analysis
Figure  3 depicted the dose–response relationship 
among LE8 scores, health behavior scores, health fac-
tor scores, and the prevalence of CVD, separately for 
male and female cohorts. RCS analysis revealed that the 
LE8 scores, health factor scores, as well as health factor 
scores, all demonstrated a non-linear association with 
CVD in both males and females (all P-values for non-lin-
earity were < 0.001).

Multivariate logistic regression
The associations between CVH, health behavior, health 
factor scores, and CVD risk were presented in Table 3. In 
the male cohort, after adjusting for potential confound-
ers, a high CVH level was significantly associated with a 
78% lower risk of CVD [OR (95% CI): 0.22 (0.16, 0.31)]. 
Similarly, compared with those with low health behavior 
and health factor levels, males with high levels exhibited 
a 61% [OR (95% CI): 0.39 (0.31, 0.50)] and 65% [OR (95% 
CI): 0.35 (0.24, 0.49)] reduction in CVD risk, respectively.

In females, similar associations were observed, with 
high CVH, health behavior, and health factor levels 
linked to a lower CVD risk. Notably, females with high 
CVH and health behavior levels had even greater risk 
reductions than men. After adjusting for confound-
ers, high CVH level were associated with an 83% lower 
CVD risk [OR (95% CI): 0.17 (0.11, 0.27)]. Likewise, 

Fig. 1  Flowchart of the sample selection from National Health and Nutrition Examination Survey (NHANES) 2005–2018
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Table 1  Baseline characteristics of subjects stratified by CVD in both male and female population

LE8 Life’s Essential 8, PIR Ratio of family income to poverty, BMI Body mass index, HbA1c Glycosylated Hemoglobin, Type A1C, FBG Fasting blood glucose, HDL-C High-
density lipoprotein cholesterol, AST Aspartate aminotransferase, ALT Alanine aminotransferase, TC Total cholesterol, LDL-C Low-density lipoprotein cholesterol, CVH 
Cardiovascular health, CVD Cardiovascular disease, PA Physical activity
a Categorical variables, presented as numbers (%)
b Continuous variables, presented as means (± SD)

Variables Female P Male P

Overall Non–CVD CVD Overall Non–CVD CVD

Weighted number 80,169,900 74,439,781 5,730,119 75,121,127 68,270,118 6,851,009

Unweighted number 11,839 10,911 928 11,468 10,144 1324

Race (%)a  < 0.001  < 0.001

Mexican American 1791(15.1) 1711(15.7) 80(8.6) 1737(15.1) 1626(16.0) 111(8.4)

Non-Hispanic White 5419(45.8) 4897(44.9) 522(56.2) 5433(47.4) 4622(45.6) 811(61.3)

Non-Hispanic Black 2420(20.4) 2220(20.3) 200(21.6) 2279(19.9) 2037(20.1) 242(18.3)

Other/multiracial 2209(18.7) 2083(19.1) 126(13.6) 2019(17.6) 1859(18.3) 160(12.1)

Education (%)a  < 0.001  < 0.001

Less than high school 2590(21.9) 2303(21.1) 287(30.9) 2688(23.4) 2299(22.7) 389(29.4)

Highschool graduate 2640(22.3) 2371(21.7) 269(29.0) 2744(23.9) 2421(23.9) 323(24.4)

Some college or above 6609(55.8) 6237(57.2) 372(40.1) 6036(52.6) 5424(53.5) 612(46.2)

Drinking (%)a 7251(61.2) 6749(61.9) 502(54.1)  < 0.001 9613(83.8) 8523(84.0) 1090(82.3)

Smoke (%)a  < 0.001  < 0.001

Never smoker 7492(63.3) 7038(64.5) 454(48.9) 12,772 (54.8) 11,931(56.7) 841(37.3)

Former smoker 2346(19.8) 2080(19.1) 266(28.7) 5884(25.2) 4969(23.6) 915(40.6)

Current smoker 2001(16.9) 1793(16.4) 208(22.4) 4651(20.0) 4155(19.7) 496(22.0)

Hypertension (%)a 5201(43.9) 4433(40.6) 768(82.8)  < 0.001 5147(44.9) 4108(40.5) 1039(78.5)  < 0.001

Diabetes (%)a 1675(14.1) 1344(12.3) 331(35.7)  < 0.001 1802(15.7) 1308(12.9) 494(37.3)  < 0.001

LE8 (%)a  < 0.001  < 0.001

low 1590(13.4) 1281(11.7) 309(33.3) 1435(12.5) 1093(10.8) 342(25.8)

moderate 7596(64.2) 7021(64.3) 575(62.0) 8203(71.5) 7305(72.0) 898(67.8)

high 2653(22.4) 2609(23.9) 44(4.7) 1830(16.0) 1746(17.2) 84(6.3)

Age(years)b 50.0(17.5) 48.8(17.2) 64.8(13.5)  < 0.001 49.7(17.7) 47.44(17.1) 67.1(11.8)  < 0.001

PIRb 2.5(1.6) 2.6(1.6) 2.0 (1.4)  < 0.001 2.7(1.6) 2.7(1.6) 2.4(1.5)  < 0.001

BMI (kg/m2)b 29.6(7.6) 29.5(7.5) 31.0(7.9)  < 0.001 28.7(5.9) 28.6(5.9) 29.8(6.1)  < 0.001

HbA1cb 5.7(1.0) 5.6(0.9) 6.1(1.3)  < 0.001 5.7(1.0) 5.6(1.0) 6.2(1.3)  < 0.001

FBG (mg/dl)b 105.7(30.9) 104.5(28.6) 120.7(48.3)  < 0.001 109.9(33.3) 108.1(30.7) 123.4(46.4)  < 0.001

HDL-C(mg/dl)b 57.8(16.3) 58.0(16.2) 55.4(17.1)  < 0.001 48.2(14.4) 48.5(14.3) 46.6(14.4)  < 0.001

AST(u/l)b 21.4(13.5) 21.3(13.2) 21.9(16.4) 0.247 29.1(24.8) 29.5(20.8) 26.5(44.8)  < 0.001

ALT(u/l)b 23.8(12.0) 23.6(11.7) 25.3(14.5)  < 0.001 27.6(18.9) 27.7(18.5) 27.1(22.0) 0.253

TC (mg/dl)b 197.3 (41.2) 197.7(40.6) 192.3(46.7)  < 0.001 190.6(42.2) 193.1(41.3) 171.1(43.7)  < 0.001

LDL-C(mg/dl)b 114.6(35.1) 115.1(34.5) 108.6(40.5)  < 0.001 113.5(35.6) 115.7(34.8) 97.1(36.9)  < 0.001

CVH scoreb 65.7(13.7) 66.8(13.4) 59.1(13.9)  < 0.001 67.1(15.1) 68.0(14.8) 56.1(14.2)  < 0.001

Diet scoreb 37.9 (30.8) 37.6(30.6) 40.5(31.5) 0.001 41.8(31.8) 41.9(31.8) 39.9(31.7) 0.066

PA scoreb 72.4(41.2) 74.2(40.1) 58.0(46.3)  < 0.001 62.4(44.4) 64.0(43.9) 43.8(46.3)  < 0.001

Nicotine exposure scoreb 65.8(40.1) 66.2 (40.4) 62.3(37.0) 0.001 75.7(37.4) 76.4(37.1) 68.0(39.9)  < 0.001

Sleep scoreb 81.1(25.5) 81.4(25.2) 78.1(27.8)  < 0.001 81.3(25.7) 81.9(25.2 74.4(30.2)  < 0.001

BMI scoreb 61.4(31.4) 62.1(31.3) 56.1(31.5)  < 0.001 58.1(35.4) 58.8(35.4) 50.4(34.6)  < 0.001

Blood lipid scoreb 62.4(30.0) 62.1(30.5) 64.8(26.3) 0.002 65.7(30.4) 66.3(30.4) 59.2(30.3)  < 0.001

Blood glucose scoreb 81.6(26.7) 83.8(25.4) 64.7(30.1)  < 0.001 83.1(25.9) 84.5(24.9) 66.7(30.8)  < 0.001

Blood pressure scoreb 64.4(30.9) 66.4(30.3) 48.3(30.5)  < 0.001 68.5(33.0) 70.4(32.3) 46.2(32.4)  < 0.001
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high health behavior and health factor levels were 
linked to 65% [OR (95% CI): 0.35 (0.26, 0.46)] and 60% 
[OR (95% CI): 0.40 (0.28, 0.58)] reductions in CVD risk, 
respectively (Table 3). Trend analysis further confirmed 
a dose–response relationship, with higher health scores 
correlating with progressively lower CVD risks in both 
genders.

This study also explored the relationship between 
the eight metric scores of LE8 and CVD risk in depth 
(Table  4). Following comprehensive adjustments for 
potential confounding variables, it was observed that 
higher levels of diet, PA, nicotine exposure, sleep, 
blood lipid, blood glucose and BMI sores continued to 
be linked with a reduced risk of CVD in both male and 
female participants (P < 0.05).

The diagnostic capability of LE8, health behavior, 
and health factor score in discriminating CVD
ROC curves were generated for LE8, health behavior, and 
health factor scores across different genders (Table 5). To 
compare the AUC between genders, the DeLong test was 
utilized. The AUC for total LE8 score, health behavior, 
and health factor scores in discriminating CVD among 
female participants was notably higher than that of male 
participants (P < 0.001) (Fig. 4).

Discussion
Using data from an extensive public database, this 
research demonstrated that high levels of LE8 scores 
were linked to a notably lower risk of CVD. A distinct 
negative correlation between health behaviors and health 
factors with CVD was also observed. This correlation 
persisted consistently even after accounting for various 
confounding variables. The research also found a dose–
response relationship between LE8 scores and CVD risk. 
Additionally, the discriminating capacity of LE8 scores 
for CVD was stronger in females, who had higher CVH 
levels. In summary, these results highlight the critical 
role of achieving higher LE8 scores in preventing CVD.

The research conducted here is not the first to show-
case the potential of the LE8 score in preventing CVD. 
Recent studies have delved into the relationship between 
the LE8 score and CVD occurrence based on a single 
assessment of CVH [23, 30]. These studies have unveiled 
that increases in the LE8 scores were tied to a notable 
decrease in CVD risk [31–33]. The results of this study 
further reinforced the proof that higher scores of the LE8, 
healthy behaviors and factors, were associated with a 
reduced risk of CVD. Upon closer examination of indi-
vidual components, it was discovered that scores on diet, 
PA, smoking, sleep quality, BMI, non-HDL-C, and FBG 
were all linked to CVD risk. The heritability of CVD 
risk seems to be insignificant, implying that behavioral 

Table 2  Gender differences in CVH and 8 component factors 
scores

CVH cardiovascular health, PA Physical activity, BMI Body mass index

Overall
(n = 23,307)

Male
(n = 11,468)

Female
(n = 11,839)

P value

CVH score 66.5(14.4) 65.9(13.7) 67.1(15.1)  < 0.001

Diet score 39.9 (31.3) 37.9(30.8) 41.8(31.8)  < 0.001

PA score 67.3(43.1) 72.4(41.2) 62.4(44.4)  < 0.001

Nicotine exposure 
score

70.8(39.1) 65.8(40.1) 75.7(37.4)  < 0.001

Sleep score 81.2(25.6) 81.1(25.5) 81.3(25.7) 0.498

BMI score 59.8(33.6) 61.4(31.4) 58.1(35.4)  < 0.001

Blood lipid score 64.1(30.3) 62.4(30.0) 65.7(30.4)  < 0.001

Blood glucose 
score

82.4(26.3) 81.6(26.7) 83.1(25.9)  < 0.001

Blood pressure 
score

66.5(32.0) 64.4(30.8) 68.5(33.0)  < 0.001

Fig. 2  Differences in the levels of eight health indexes between male and female
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and environmental factors have a substantial impact on 
determining CVD risk [34]. Due to the fact that health 
behaviors positively influence health factors and the 
occurrence of CVD through a cause-and-effect path-
way, improvements in health behaviors are likely to lead 
to higher LE8 scores. The detailed quantification of each 
metric provided by the LE8 allows individuals to better 
understand their CVH levels for each component and 
make timely adjustments to their health behaviors [35]. 
This preventative approach primarily focuses on averting 
the initial development of risk factors, rather than pre-
venting the onset of a specific disease, as seen in primary 
prevention. Nevertheless, the initial LE8 score, which 
may be affected by lifestyle aspects, may not be effective 
in foreseeing mid- and long-term health outcomes [36]. 
It is vital to investigate how changes in LE8 scores over 
time impact CVD and health outcomes. To summarize, 
the LE8 score acts as a simple yet effective tool for assess-
ing an individual’s CVH and fostering healthy lifestyle 
habits.

Currently, a large number of studies have highlighted 
that the LS7 score was a reliable predictor on a variety of 
health outcomes including CVD, diabetes, stroke, overall 
deaths and CV deaths [37–40]. The LE8 score was intro-
duced to improve the evaluation of CVH by integrating 
updated LS7 metrics and including sleep health as the 
eighth metric [11]. It has been shown that unhealthy 

sleeping patterns were linked to CV events, and incor-
porating sleep behaviors into the LE8 score has resulted 
in greater risk reductions than previously observed [41]. 
Our study also shows similar opinions. Additionally, the 
LE8  score redefines the other seven metrics, expanding 
the scope of each. For example, while the LS7 dietary 
score encompasses five aspects of diet such as fruit, 
vegetable, fish, fiber-rich whole grain, and sugary drink 
consumption, the LE8 dietary score is based on Dietary 
Approaches to Stop Hypertension (DASH) and Mediter-
ranean-style diets. Non-HDL-C is preferred over total 
cholesterol for blood lipid metrics [42]. Moreover, the 
LS7 scores range from 0 to 2 points per metric, while 
LE8 scores span from 0 to 100 points, which gets more 
detailed quantification and captures more individual 
variability [5, 11]. A significant non-linear relationship 
between LE8 scores and CVD risk has been identified 
in the RCS analysis, which suggested a complex inter-
action between LE8 scores and CVD risk. It is essential 
to emphasize that these non-linear associations may 
indicate varying effects of LE8 scores at different lev-
els. For instance, while modest increases in LE8 scores 
may significantly reduce CVD risk, further increases 
may yield diminishing returns or even plateau effects. 
Understanding these non-linear relationships is crucial 
for clinical practice. It suggests that healthcare provid-
ers should focus on not only encouraging individuals to 

Fig. 3  RCS analysis. A The dose–response relationship between LE8 scores and CVD in males. B The dose–response relationship between health 
behavior scores and CVD in males. C The dose–response relationship between health factor scores and CVD in males. D The dose–response 
relationship between LE8 scores and CVD in females. E The dose–response relationship between health behavior scores and CVD in females. F The 
dose–response relationship between health factor scores and CVD in females
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achieve higher LE8 scores, but also on recognizing that 
the benefits of changes in LE8 score  may vary depend-
ing on a patient’s baseline CVH and lifestyle factors. As 
such, interventions may need to be tailored to individual 
patients, taking into account their unique starting points 
in LE8 metrics. Moreover, this non-linear relationship 
can guide public health strategies aimed at CVD pre-
vention. Public health campaigns could emphasize the 
importance of incremental improvements in LE8 scores, 
especially at levels where significant risk reduction has 
been observed. This nuanced understanding of the data 
allows for a more strategic allocation of resources in pro-
moting CVH.

The gender differences in CVD should be noted. This 
research is the first to explore potential gender dis-
parities in the association between LE8 score and CVD. 
The findings of this study indicated that females had 

better CVH than male and the negative correlations 
between  LE8 score and CVD were more pronounced 
in females. Interestingly, scores on LE8, diet, smoking, 
non-HDL-C, FBG, and blood pressure were all higher 
in females compared to males. However, only scores on 
diet, PA, smoking, and FBG showed greater protective 
effects for female. CVH metrics were distributed differ-
ently between males and females, and their impact was 
also different. Previous studies have also indicated that 
smoking, FBG, blood pressure, and non-HDL-C were 
linked to a higher risk of CVD in females [43]. Numerous 
clinical statistics suggested that females were less likely 
to develop CVD than males, but the severity and mortal-
ity rates following CVD events were generally higher in 
females [44]. This notable gender difference warrants a 
deeper exploration to understand the underlying mecha-
nisms. Firstly, physiological factors may play a significant 

Table 3  The association between CVH, health behavior, health factor scores and CVD

Model 1 = CVH score/ Behavior score/ Factor score

Model 2 = Model1 + age, race, education, PIR;

Model 3 = Model2 + AST, ALT, TG, LDL-C, and alcohol consumption

CVH Cardiovascular health, OR Odds ratios, CI Confidence interval, CVD Cardiovascular disease, Ref Reference

Model1 Model2 Model3

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Male
  CVH score
    low Ref Ref Ref

    moderate 0.38(0.31, 0.46)  < 0.001 0.46(0.36, 0.59)  < 0.001 0.43(0.33, 0.56)  < 0.001

    high 0.15(0.12, 0.20)  < 0.001 0.26(0.19, 0.35)  < 0.001 0.22(0.16, 0.31)  < 0.001

  Behavior score
    low Ref Ref Ref

    moderate 0.58(0.48, 0.70)  < 0.001 0.57(0.45, 0.71)  < 0.001 0.57(0.45, 0.72)  < 0.001

    high 0.44(0.36, 0.54)  < 0.001 0.38(0.30, 0.48)  < 0.001 0.39(0.31, 0.50)  < 0.001

  Factor score
    low Ref Ref Ref

    moderate 0.53(0.44, 0.64)  < 0.001 0.66(0.53, 0.82)  < 0.001 0.64(0.50, 0.82)  < 0.001

    high 0.19(0.15, 0.25)  < 0.001 0.43(0.31, 0.58)  < 0.001 0.35(0.24, 0.49)  < 0.001

Female
  CVH score
    low Ref Ref Ref

    moderate 0.33(0.26, 0.41)  < 0.001 0.44(0.34, 0.57)  < 0.001 0.42(0.31, 0.55)  < 0.001

    high 0.08(0.05, 0.12)  < 0.001 0.19(0.13, 0.30)  < 0.001 0.17(0.11, 0.27)  < 0.001

  Behavior score
    low Ref Ref Ref

    moderate 0.45(0.37, 0.54)  < 0.001 0.46(0.36, 0.58)  < 0.001 0.46(0.37, 0.58)  < 0.001

    high 0.29(0.23, 0.38)  < 0.001 0.33(0.25, 0.44)  < 0.001 0.35(0.26, 0.46)  < 0.001

  Factor score
    low Ref Ref Ref

    moderate 0.42(0.34, 0.52)  < 0.001 0.60(0.47, 0.75)  < 0.001 0.58(0.44, 0.76)  < 0.001

    high 0.16(0.12, 0.22)  < 0.001 0.49(0.35, 0.68)  < 0.001 0.40(0.28, 0.58)  < 0.001
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Table 4  The association between eight metric scores of LE8 and CVD

Model1 Model2 Model3

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Diet score Male

low Ref Ref Ref

moderate 1.34(1.11, 1.61) 0.002 1.08(0.87, 1.33) 0.5 1.1(0.89, 1.37) 0.4

high 1.23(1.03, 1.47) 0.024 0.76(0.61, 0.95) 0.016 0.76(0.60, 0.95) 0.015

Female

low Ref Ref Ref

moderate 0.92(0.73, 1.16) 0.5 0.72(0.56, 0.92) 0.01 0.72(0.56, 0.93) 0.012

high 0.86(0.71, 1.04) 0.11 0.66(0.54, 0.81)  < 0.001 0.66(0.54, 0.81)  < 0.001

PA score Male

low Ref Ref Ref

moderate 0.29(0.18, 0.45)  < 0.001 0.39(0.25, 0.64)  < 0.001 0.43(0.26, 0.70)  < 0.001

high 0.44(0.37, 0.53)  < 0.001 0.70(0.56, 0.86) 0.001 0.73(0.59, 0.90) 0.003

Female

low Ref Ref Ref

moderate 0.52(0.33, 0.83) 0.006 0.77(0.47, 1.26) 0.3 0.77(0.48, 1.25) 0.3

high 0.43(0.35, 0.53)  < 0.001 0.67(0.54, 0.85)  < 0.001 0.7(0.55, 0.88) 0.003

Nicotine exposure score Male

low Ref Ref Ref

moderate 1.91(1.57, 2.32)  < 0.001 0.77(0.60, 0.97) 0.028 0.73(0.57, 0.93) 0.01

high 0.56(0.46, 0.69)  < 0.001 0.49(0.38, 0.62)  < 0.001 0.47(0.37, 0.60)  < 0.001

Female

low Ref Ref Ref

moderate 0.99(0.77, 1.27)  > 0.9 0.57(0.43, 0.75)  < 0.001 0.54(0.41, 0.70)  < 0.001

high 0.53(0.42, 0.66)  < 0.001 0.42(0.32, 0.54)  < 0.001 0.39(0.30, 0.52)  < 0.001

Sleep score Male

low Ref Ref Ref

moderate 0.55(0.44, 0.70)  < 0.001 0.63(0.48, 0.83)  < 0.001 0.62(0.48, 0.82)  < 0.001

high 0.62(0.51, 0.76)  < 0.001 0.55(0.44, 0.69)  < 0.001 0.56(0.45, 0.71)  < 0.001

Female

low Ref Ref Ref

moderate 0.59(0.46, 0.76)  < 0.001 0.66(0.50, 0.88) 0.004 0.66(0.49, 0.88) 0.005

high 0.49(0.40, 0.60)  < 0.001 0.55(0.44, 0.68)  < 0.001 0.56(0.44, 0.70)  < 0.001

Blood lipid score Male

low Ref Ref Ref

moderate 0.49(0.35, 0.68)  < 0.001 0.63(0.44, 0.90) 0.011 0.46(0.32, 0.66)  < 0.001

high 1.87(1.53, 2.28)  < 0.001 1.66(1.30, 2.11)  < 0.001 0.53(0.37, 0.76)  < 0.001

Female

low Ref Ref Ref

moderate 0.41(0.31, 0.55)  < 0.001 0.63(0.47, 0.86) 0.003 0.47(0.35, 0.64)  < 0.001

high 0.9(0.73, 1.09) 0.3 1.4(1.13, 1.74) 0.002 0.58(0.42, 0.80) 0.001

Blood glucose score Male

low Ref Ref Ref

moderate 0.5(0.39, 0.63)  < 0.001 0.56(0.42, 0.76)  < 0.001 0.93(0.67, 1.29) 0.7

high 0.15(0.12, 0.18)  < 0.001 0.34(0.26, 0.43)  < 0.001 0.59(0.42, 0.83) 0.003

Female

low Ref Ref Ref

moderate 0.38(0.32, 0.47)  < 0.001 0.42(0.34, 0.52)  < 0.001 0.49(0.39, 0.63)  < 0.001

high 0.16(0.12, 0.20)  < 0.001 0.33(0.25, 0.44)  < 0.001 0.4(0.29, 0.55)  < 0.001
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role in this phenomenon. Estrogen is known to have pro-
tective effects on CVD, as it enhances vascular function 
and promotes lipid metabolism, thereby reducing CVD 
risk. Research indicates that females possess a greater 
innate cardiovascular protective mechanism, which may 
partially explain their higher LE8 scores and the stronger 
negative correlation with CVD risk [45]. Secondly, behav-
ioral and lifestyle factors are also critical contributors 
to these observed gender differences. Females generally 

tend to engage in healthier lifestyle choices, including 
a higher intake of fruits and vegetables, reduced con-
sumption of high-fat foods, and lower smoking rates. 
These healthful behaviors significantly enhance their LE8 
scores, contributing to a lower risk of CVD [46]. Addi-
tionally, psychosocial factors should not be overlooked. 
Social and cultural influences can differently impact 
health behaviors between genders. Females are often 
more likely to have access to support and resources that 

Table 4  (continued)

Model1 Model2 Model3

OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

Blood pressure score Male

low Ref Ref Ref

moderate 0.26(0.21, 0.33)  < 0.001 0.54(0.42, 0.69)  < 0.001 0.59(0.46, 0.75)  < 0.001

high 0.37(0.30, 0.45)  < 0.001 0.94(0.74, 1.20) 0.6 0.91(0.71, 1.17) 0.5

Female

low Ref Ref Ref

moderate 0.34(0.27, 0.44)  < 0.001 0.66(0.51, 0.85) 0.002 0.7(0.54, 0.90) 0.007

high 0.23(0.18, 0.28)  < 0.001 0.76(0.59, 0.98) 0.037 0.79(0.60, 1.02) 0.072

BMI score Male

low Ref Ref Ref

moderate 0.77(0.65, 0.92) 0.004 0.63(0.52, 0.76)  < 0.001 0.73(0.59, 0.90) 0.004

high 0.57(0.47, 0.68)  < 0.001 0.52(0.42, 0.65)  < 0.001 0.59(0.48, 0.73)  < 0.001

Female

low Ref Ref Ref

moderate 0.77(0.62, 0.95) 0.018 0.71(0.56, 0.90) 0.004 0.81(0.64, 1.02) 0.072

high 0.54(0.41, 0.72)  < 0.001 0.65(0.49, 0.85) 0.002 0.71(0.54, 0.92) 0.011

Model 1 = CVH score/ Behavior score/ Factor score

Model 2 = Model1 + age, race, education, PIR;

Model 3 = Model2 + AST, ALT, TG, LDL-C, and alcohol consumption

CVH Cardiovascular health, OR Odds ratios, CI Confidence interval, CVD Cardiovascular disease, Ref Reference

Table 5  AUCs of CVH, health behavior, health factor scores for discriminating CVD by gender

CVH Cardiovascular health, OR Odds ratios, CI Confidence interval, CVD Cardiovascular disease, Ref Reference

Variables AUC (95%CI) Cut-off value Youden’s index Sensitivity (%) Specificity (%)

Male

  CVD

    CVH score 0.653(0.638,0.669) 65.9 0.2 68.4 54.2

    Health behavior scores 0.572(0.556,0.589) 70.6 0.1 68.6 42.5

    Health factor scores 0.656(0.641,0.671) 74.4 0.2 82.6 39.5

Female

  CVD

    CVH score 0.719(0.703,0.735) 66.6 0.3 77.7 55.1

    Health behavior scores 0.632(0.613,0.651) 59.4 0.2 54.9 65.0

    Health factor scores 0.701(0.684,0.718) 60.6 0.3 63.9 66.8
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encourage health maintenance, including participation in 
health education programs and the availability of emo-
tional support networks. These elements may play a cru-
cial role in fostering behaviors that improve their health 
status [47]. In summary, addressing gender differences is 
essential for the development of targeted interventions in 
CVH. Such an approach will help to form personalized 
public health strategies that aim to enhance the overall 
health of both males and females, thereby reducing the 
incidence of CVD.

This cohort study aimed to investigate the gender-spe-
cific relationship between total and specific CVH metrics 
measured by LE8 and CVD risk on a national scale. The 
research also examined gender disparities in CVH by LE8 
score between males and females. The study revealed a 
dose–response relationship between CVH scores and 
CVD risk, indicating that higher CVH scores were asso-
ciated with reduced CVD risk. Notably, the analysis 
meticulously adjusted for important confounding vari-
ables, including education level, race, and PIR. However, 
the study has some limitations that should be noted. The 
cross-sectional design limits the ability to establish causal 
relationships. Moreover, CVD diagnoses, diet, PA, smok-
ing, and sleep are self-reported, and these data are prone 
to recall bias and social desirability bias, which may 
result in underreporting or overreporting of behaviors. 
We should explicitly acknowledge this limitation, and we 
agree that future studies incorporating clinical valida-
tion of self-reported data would further strengthen the 
reliability of such data. Additionally, the observational 
nature of the study makes it challenging to completely 
account for all potential confounders, both measured and 
unmeasured. The study’s focus on baseline LE8 score may 
overlook the impact of changes in LE8 scores over time 
on CVD and health outcomes. Furthermore, the findings, 
which are based on American adults, may not be general-
izable to other populations like those in China, requiring 

cautious interpretation. Lastly, the lack of data on the use 
of medications that affect CVH, such as lipid-lowering, 
antihypertensive, and antidiabetic drugs, is a significant 
limitation.

Conclusion
This study found that higher levels of CVH were sig-
nificantly associated with a reduced risk of CVD, with 
this association being particularly pronounced among 
females. These findings underscored the importance of 
enhancing CVH, especially considering gender-specific 
factors. Additionally, a deeper analysis of the socioeco-
nomic factors and lifestyle differences affecting CVH 
will provide valuable insights for developing more effec-
tive public health policies and preventive strategies, ulti-
mately contributing to efforts to reduce the incidence of 
CVD.
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