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Background: Cardiovascular-kidney-metabolic (CKM) syndrome, a novel and 
multistage disorder recently proposed by the American Heart Association (AHA), 
highlights the intricate connection between cardiovascular, renal, and metabolic 
illnesses. Poor CKM health is highly prevalent in the U.S. We aimed to examine 
the association of Life’s Essential 8 (LE8), the AHA’s key measures for improving 
and maintaining cardiovascular health (CVH), with all-cause mortality among 
U.S. CKM syndrome patients.

Methods: This population-based prospective cohort study analyzed data of 
adults in the National Health and Nutrition Examination Survey from 2011 to 
2018, with linked mortality information until 2019. LE8 score, which included 
four health behaviors and four health factors, was categorized into low (0–49), 
moderate (50–79), and high (80–100) CVH. Five CKM syndrome stages (stages 
0–4) were defined according to the 2023 AHA guidelines, with advanced (stages 
3 or 4) and non-advanced (stages 1 or 2) disease. Multivariable Cox regression 
and restricted cubic spline models were used to assess the associations.

Results: Among 11,638 CKM syndrome patients (2,060 advanced stages), 
831 deaths occurred over a median follow-up of 5.0 years. Interestingly, the 
relationship between total LE8 score and all-cause mortality was only significant 
in advanced CKM syndrome patients, while not significant in non-advanced CKM 
syndrome patients. Further analyses of LE8 subscales revealed that advanced CKM 
syndrome patients with moderate and high LE8 health behaviors score exhibited a 
reduced risk of all-cause mortality (moderate: hazard ratio, 0.52; 95% confidence 
interval, 0.39–0.70; high: 0.35; 0.24–0.49), as well as non-advanced CKM 
syndrome patients (moderate: 0.75; 0.55–0.98; high: 0.38; 0.24–0.59). Population 
attributable fraction suggested that 22.5 and 23.9% of all-cause mortality attributed 
to poor or moderate LE8 health behaviors score could be avoided if high score 
was achieved in advanced and non-advanced CKM syndrome patients.

Conclusion: Our study revealed a significant association between the LE8 health 
behaviors score and all-cause mortality in both advanced and non-advanced 
CKM syndrome patients, underscoring the value of this score in enhancing risk 
management approaches for CKM syndrome patients in future research and 
clinical practice.
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Introduction

Cardiovascular disease (CVD) is the leading cause of global 
mortality and a major contributor to health loss worldwide (1). As 
heart disease and stroke statistics of 2025 report from American Heart 
Association (AHA), the prevalence of CVD in U.S. adults age 
≥20 years is 48.6% overall and increases with age in both males and 
females (2). Recently, there is a growing understanding of the science 
underlying the complex interplay among CVD, chronic kidney disease 
(CKD), metabolic abnormalities, which presents significant challenges 
to public health worldwide (3, 4). This poor cardiovascular-kidney 
metabolic (CKM) health has profound implications for clinical 
outcomes, mainly by increasing the risks of cardiovascular problems 
and early mortality (5, 6). Consequently, there is an urgent demand 
for new approaches to tackle risk factors and alleviate the 
burden of CVD.

In the Presidential Advisory issued by the AHA in October 2023, 
CKM syndrome was introduced and characterized as a systemic 
disorder of metabolic disorders, alongside kidney diseases and 
cardiovascular conditions (7). The CKM syndrome reflects the 
complex interactions among obesity, diabetes, CKD, CVD, and is 
classified into five stages based on the presence of CKM risk factors, 
ranging from stage 0 (no risk factors present) to stage 4 (clinical 
CVD). Recent research discovered that CKM syndrome affects a large 
portion of adults in the U.S, with 90% having CKM syndrome (stage 
1 or higher), and 15% diagnosed with advanced stages (stage 3 or 4) 
(8). Besides, higher CKM syndrome stage was associated with a higher 
risk of all-cause mortality (6). Thus, efforts to better manage CKM 
syndrome patients and reduce mortality are highly warranted.

Modifiable risk factors like elevated body mass index (BMI), 
tobacco use, unhealthy diet, physical inactivity, account for a 
proportion of prevalent and incident CVD (9). To reduce the burden 
of CVD, in 2022 the AHA developed and updated the concept of 
cardiovascular health (CVH), which comprises four health behaviors 
(diet, physical activity, nicotine exposure, and sleep duration) and four 
health factors (BMI, non-high-density lipoprotein [non-HDL] 
cholesterol, blood glucose, and blood pressure) (10). This new CVH 
construct, termed Life’s Essential 8 (LE8), was scored from 0 to 100 to 
better quantify individual differences in CVH. The LE8 score has 
demonstrated inverse associations with adverse outcomes, such as 
CVD (11), CKD (12), diabetes (13), and all-cause and CVD mortality 
(14). Given the correlation between LE8 score and components of 
CKM syndrome, we conjecture that a higher LE8 score was associated 
with a reduced risk of all-cause mortality in CKM syndrome patients.

In our study, we  utilized data from the National Health and 
Nutrition Examination Survey (NHANES) to investigate the 
association of the LE8 score with all-cause mortality among 
U.S. adults. In addition, we also calculated population attributable 
fraction (PAF) of LE8 score in relation to mortality risk.

Methods

Study design and participants

The NHANES is a series of ongoing cross-sectional surveys 
conducted by the National Center for Health Statistics at the Centers 
for Disease Control and Prevention. It provides nationally 

representative cross-sectional data for the health status of the 
U.S. civilian noninstitutionalized population. Participants were 
interviewed at home regarding demographic, socioeconomic, dietary, 
and health-related questions. Subsequently, they underwent medical, 
dental, and physiological measurements as well as laboratory tests at 
a mobile examination center. Ethical approval for the study was 
obtained from the Research Ethics Review Board of National Center 
for Health Statistics, and all participants gave written informed 
consent. This study adhered to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) reporting guideline.

The continuous NHANES began in 1999 and collects data 
biennially. In CKM syndrome stage 0 and 1, lower BMI and waist 
circumference cut point is advised for Asian populations given their 
predisposition to developing metabolic abnormalities at lower levels 
of adiposity (15). Since NHANES collected responses on Asian race 
as a separate category from the 2011–2012 cycle, we used data from 
four NHANES cycles, including NHANES 2011–2012, NHANES 
2013–2014, NHANES 2015–2016, and NHANES 2017–2018. The 
link to the dataset can be found in the “Data availability” section. A 
total of 22,617 adults aged 20 years or older were included. We further 
excluded participants having the following conditions: (1) a 
pregnancy at baseline (n = 248); (2) ineligible data on death or 
follow-up (n = 1,041); (3) missing LE8 CVH scores (n = 4,431); (4) 
missing information on CKM syndrome indicators (n = 1,422); (5) 
missing information on potential covariates (n = 2,094). 
Consequently, the final analytical sample included in this study 
consisted of 13,381 adults (Figure 1).

Measurement of LE8

The LE8 score comprises four health behaviors (diet, physical 
activity, nicotine exposure, and sleep duration) and four health factors 
(BMI, non-HDL cholesterol, blood glucose, and blood pressure), each 
with its own scoring standards ranging from 0 to 100 (10). Dietary 
intake was obtained by two non-consecutive 24-h dietary recalls, and 
the dietary quality was assessed by Healthy Eating Index 2015 (HEI-
2015) scores, which aligns with the 2020–2025 Dietary Guidelines for 
Americans (16). Information on physical activity (self-reported minutes 
per week of moderate-to-vigorous physical activity), nicotine exposure 
(combustible cigarette use, inhaled nicotine delivery systems use, and 
secondhand smoke exposure) sleeping information (sleep duration), 
and medication use were obtained from standardized questionnaires. 
Height, weight, and systolic and diastolic blood pressure were measured 
at the physical examination. BMI was calculated as weight in kilograms 
divided by height in meters squared. Blood lipid and glycemic profiles 
were measured at a morning examination session after fasting for 9 h or 
more. The non-HDL cholesterol was calculated by total cholesterol 
minus high-density lipoprotein (HDL) cholesterol, and Hemoglobin 
A1c (HbA1c) was utilized to evaluate blood glucose levels. Detailed 
algorithms for calculating the LE8 scores for each of the eight metrics to 
NHANES data are provided in Supplementary Table S1. In brief, the 
overall LE8 score was calculated as the average of the eight CVH metrics. 
The overall CVH score was further categorized into low (0–49 points), 
moderate (50–79 points), and high (80–100 points) CVH groups, 
following the recommendations of AHA (10). Additionally, we used the 
same criteria and cut-off points to measure and categorize LE8 health 
behaviors and factors score to further investigate the association between 
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LE8 subscales and all-cause mortality in patients with CKM syndrome. 
These definitions are consistent with previous studies (17, 18).

Definitions of the components of CKM 
syndrome

The AHA criteria define CKM syndrome stages based on ten 
components: BMI, waist circumference, hypertension, prediabetes, 
diabetes, hypertriglyceridemia, metabolic syndrome, CKD, 10-year 
CVD risk, and clinical CVD (7). Hypertension was characterized by 
systolic blood pressure ≥ 140 mmHg, diastolic blood pressure≥90 
mmHg, a self-reported history of high blood pressure, or 
antihypertensive drug intake. Prediabetes was defined as having a 
fasting blood glucose level from 100 to 124 mg/dL, or a HbA1c of 5.7 
to 6.4%. Diabetes was identified by a fasting blood glucose ≥ 125 mg/
dL, a HbA1c ≥ 6.5%, self-reported history of diabetes, or current 
hypoglycemic treatment. Metabolic syndrome was defined as 
presence of any 3 of the following 5 elements: (1) the fasting blood 
glucose>100 mg/dL or drug treatment for diabetes mellitus; (2) HDL 
cholesterol <50 mg/dL in females, <40 mg/dL in males or drug 
treatment for reduced HDL cholesterol; (3) plasma triglyceride 
>150 mg/dL or drug treatment for raised triglyceride; (4) waist 

circumference > 88 cm in women or >102 cm in men; (5) blood 
pressure > 130/85 mmHg or drug treatment for raised blood 
pressure. Based on the Kidney Disease Improving Global Outcome 
criteria, CKD status was categorized as: low risk, moderate risk, high 
risk, and very high risk (Supplementary Table S2) (7). 10-year CVD 
risk was estimated with the AHA Predicting Risk of CVD EVENTs 
(PREVENT) equations (19).

Definition of CKM syndrome stages

In the present study, the definition of CKM syndrome stage was 
determined according to the AHA Presidential Advisory Statement on 
CKM syndrome (7), with modifications for NHANES data based on 
the criteria from Aggarwal et al. (8). Stage 0: Individuals with normal 
BMI and waist circumference, normoglycemia, normotension, normal 
lipid status, and no evidence of CKD or subclinical or clinical 
CVD. Stage 1: Individuals having excess weight (BMI ≥ 25 kg/m2 or 
≥23 kg/m2 if Asian ethnicity), or abdominal obesity (waist 
circumference≥88/102 cm in women/men or 80/90 cm in women/
men if Asian ethnicity), or prediabetes. Stage 2: Individuals with 
metabolic risk factors (hypertriglyceridemia [≥135 mg/dL], 
hypertension, metabolic syndrome, diabetes), or 

FIGURE 1

Screening flow of participants. CKM, Cardiovascular-Kidney-Metabolic; NHANES, National Health and Nutrition Examination Survey.
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moderate-to-high-risk CKD. Stage 3: Individuals at very high risk of 
CKD or a high risk (≥20%) of 10-year CVD. Stage 4: Individuals with 
a self-reported diagnosis of CVD (coronary heart disease, angina, heart 
attack, heart failure, or stroke). The detailed descriptions of CKM 
syndrome stage definitions are in Supplementary Table S3. Based on 
the prevalence of CKM syndrome among U.S. adults (8), CKM 
syndrome included stage 1 or higher, with advanced stages being stage 
3 or 4, as these indicated participants with or at high risk for CVD.

Ascertainment of mortality

Data for deaths were obtained by linking to the NHANES-linked 
National Death Index until December 31, 2019 (20). Cause of death 
was defined using the International Statistical Classification of 
Disease, Tenth Revision (ICD-10). Death from all reasons was defined 
as all-cause mortality. Follow-up time was calculated from the date of 
interview to the date of death, or the end of follow-up (December 31, 
2019), whichever came first.

Definition of covariates

In line with previous studies (14, 18, 21, 22), the following 
covariates were included the current study: age, sex (female or male), 
ethnicity (non-Hispanic White, non-Hispanic Black, non-Hispanic 
Asian, Hispanic and other race or ethnicity), education level (less than 
high school, high school or equivalent, and college or above), ratio of 
family income to poverty (less than 1, 1 to 3, and more than 3), marital 
status (coupled, and single or separated), BMI, HbA1c, total 
cholesterol, HDL cholesterol, low-density lipoprotein (LDL) 
cholesterol, estimated glomerular filtration rate (eGFR), alcohol 
consumption status (non-drinker, low to moderate drinker, and heavy 
drinker), history of cancer (yes or no), and the use of antihypertensive, 
antidiabetic, lipid-lowering medications.

Statistical analysis

All analyses were performed incorporating the sampling weights to 
account for the complex NHANES sampling design. For baseline 
characterization, continuous variables were described by weighted mean 
value with weighted standard errors (SE), while categorical variables were 
expressed as number with weighted percentage (%). To check for 
differences in characteristics between the three CVH groups, Analysis of 
Variance was used for differences in weighted means for continuous 
variables and the Rao-Scott Chi-Square test for differences in weighted 
percentages for categorical variables. Survey-weighted Cox proportional 
hazards models were performed to estimate hazard ratios (HR) and 95% 
confidence intervals (CI) for the associations of LE8 and LE8 subscales 
with all-cause mortality. We fitted two statistical models. Model 1 was 
adjusted for sociodemographic variables, including age, sex, ethnicity, 
educational level, family income, and marital status. Model 2 was adjusted 
for the variables in Model 1 and additional confounders including BMI, 
HbA1c, total cholesterol, HDL cholesterol, LDL cholesterol, eGFR, 
alcohol status, history of cancer, and the use of antihypertensive, 
antidiabetic, lipid-lowering medications. The Schoenfeld residuals test is 
used to test the proportional hazard assumption in Cox model.

To comprehensively understand the relationship between LE8 and 
mortality risk, restricted cubic spline (RCS) models were utilized to 
estimate the dose–response association of total LE8 score, LE8 health 
behaviors score, and LE8 health factors score with all-cause mortality. 
We used the Akaike information criterion (AIC) to select the RCS 
model with specific number of knots and adopted the model with the 
lowest AIC criterion value, which is considered as the best-fitting RCS 
model. Besides, the PAF was calculated to quantify the proportion of 
mortality in a population attributable to exposure to a risk factor (23). 
In our study, the ‘graphPAF’ R package was used to calculate the 
adjusted PAF of high CVH score (≥80 points) vs. moderate or low 
CVH score (<80 points) to quantify the proportion of all-cause 
mortality that could be prevented by improving CVH score.

Subgroup analyses were performed to examine the association of 
LE8 score with all-cause mortality stratified by age, sex, ethnicity, 
education level, family income, marital status, alcohol status, cancer, and 
the use of antihypertensive, antidiabetic, lipid-lowering medications. 
Sensitivity analyses were performed to assess the robustness of the 
results. First, we  excluded participants who experienced mortality 
during the first year of follow-up to account for reverse causality. 
Second, individuals with a self-reported history of cancer were excluded. 
Third, iterative imputation for missing covariates was performed using 
a machine learning algorithm via the R package ‘missRanger’ to test the 
above associations. The missRanger is an iterative imputation approach 
based on random forest (24). Missing values for a variable are imputed 
using predictions made by a random forest, which employs all remaining 
variables as covariates. The algorithm performs repeated iterations 
across all variables. This process continues until there is no further 
improvement observed in the average Out-Of-Bag prediction error of 
the models, which serves as the stopping criterion for the iterations. 
Besides, the missRanger incorporates in the imputation process the 
predictive mean matching option, which is employed to avoid 
imputation with values not present in the original data. We employed 
the parameters (pmm.k = 3, num.trees = 500) in the imputation process.

All analyses were conducted using R software version 4.4.2. A 
two-tailed p value < 0.05 was considered statistically significant.

Results

Basic characteristics

Of the 13,381 U.S. adults from NHANES 2011 to 2018, the 
proportion of those in stage 0 to 4 was 13.02, 26.84, 44.74, 4.54 and 
10.86%, respectively. 86.98% of U.S. adults met criteria for CKM 
syndrome (stage 1 or higher) and 15.40% met criteria for advanced 
stages. We then removed 1,743 participants in CKM syndrome stage 
0, and finally this study included 11,638 CKM syndrome patients 
(Figure 1).

The baseline characteristics of the CKM syndrome patients were 
summarized by the three categories of LE8 score in Table 1. Only 
14.63% of CKM syndrome patients achieved a high LE8 score, 
whereas 15.04% had a low score. CKM syndrome patients with higher 
LE8 score were more likely to be younger, female, non-Hispanic White 
and Non-Hispanic Asian, coupled, non-heavy drinkers, non-cancer 
population, and have a higher education level, higher household 
income, and higher eGFR. Besides, there were lower proportions of 
the use of antihypertensive drugs, antidiabetic drugs, and 
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TABLE 1 Baseline characteristics of CKM syndrome patients by different levels of CVH estimated by the LE8 score.

Characteristic LE8 score p-value

0–49 50–79 80–100

No. of participants 1750 8,185 1703

Prevalence, % 15.04 70.33 14.63

Age (years), mean (SE) 54.75(0.50) 50.59(0.34) 44.87(0.63) <0.0001

Sex, n (%) 0.002

  Female 919(53.01) 4,037(49.25) 968(56.12)

  Male 831(46.99) 4,148(50.75) 735(43.88)

Race or ethnicity, n (%) <0.0001

  Hispanic 382(12.40) 1962(13.76) 375(13.90)

  Non-Hispanic Asian 40(1.04) 723(3.57) 384(8.48)

  Non-Hispanic Black 515(15.14) 1842(10.52) 220(5.83)

  Non-Hispanic White 728(66.70) 3,376(69.03) 678(68.99)

  Other 85(4.72) 282(3.13) 46(2.80)

Education level, n (%) <0.0001

  Less than high school 508(21.97) 1,576(12.42) 183(6.16)

  High school or equivalent 482(30.16) 1949(24.51) 234(13.25)

  College or above 760(47.88) 4,660(63.07) 1,286(80.58)

Family PIR, n (%) <0.0001

  <1.0 528(22.27) 1,562(12.28) 256(9.89)

  1.0–3.0 840(44.22) 3,544(37.25) 549(26.26)

  >3.0 382(33.51) 3,079(50.47) 898(63.85)

Marital status, n (%) <0.001

  Coupled 942(59.86) 4,967(64.85) 1,113(69.46)

  Single or separated 808(40.14) 3,218(35.15) 590(30.54)

Alcohol status, n (%) <0.0001

  Non-drinker 607(29.40) 2,310(22.31) 417(18.60)

  Low to moderate drinker 784(49.65) 4,297(56.63) 1,046(65.83)

  Heavy drinker 359(20.95) 1,578(21.05) 240(15.57)

History of cancer, n (%) <0.001

  Yes 195(13.07) 908(12.27) 120(8.40)

  No 1,555(86.93) 7,277(87.73) 1,583(91.60)

eGFR (ml/min/1.73m2), mean (SE) 87.14(0.75) 91.52(0.44) 95.54(0.81) <0.0001

Antihypertensive drugs, n (%) <0.0001

  Yes 1,054(55.30) 3,112(35.13) 238(12.34)

  No 696(44.70) 5,073(64.87) 1,465(87.66)

Antidiabetic drugs, n (%) <0.0001

  Yes 588(30.49) 1,063(10.42) 29(1.10)

  No 1,162(69.51) 7,122(89.58) 1,674(98.90)

Antihyperlipidemic drugs, n (%) <0.0001

  Yes 666(36.24) 2010(23.44) 201(12.45)

  No 1,084(63.76) 6,175(76.56) 1,502(87.55)

Diet <0.0001

  Mean score, mean (SE) 20.82(0.72) 35.88(0.66) 62.04(1.05)

  HEI-2015 score 42.79(0.34) 49.58(0.30) 61.09(0.55)

(Continued)
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antihyperlipidemic drugs in the higher LE8 score group. For LE8 
components, participants with a high LE8 score exhibited 
characteristics of lower BMI, non-HDL cholesterol, HbA1c, blood 
pressure level, and a higher HEI-2015 score, as well as longer physical 
activity and sleep duration (all p < 0.0001). Besides, CKM syndrome 
patients in advanced stages were less likely to have high LE8 scores (all 
p < 0.0001).

Association of total LE8 score with 
all-cause mortality

During a median follow-up of 5.0 years, a total of 831 deaths were 
identified. The Schoenfeld residuals suggested that the Cox models 
met proportional hazards assumptions (all P for global Schoenfeld 

test > 0.05) (Supplementary Table S4). In the RCS analysis of total 
LE8 score and all-cause mortality, the use of AIC statistics indicated 
that the RCS function with 3 knots was the optimal model (lowest 
AIC: 11256.45) (Figure 2A and Supplementary Table S5). The RCS 
model revealed that within the context of the fully adjusted model 
(Model 2), there were approximately a negative linear dose–response 
association between increased total LE8 score and a reduced risk of 
all-cause mortality in CKM syndrome patients (p for non-linear > 
0.05, Figure 2B). Compared to CKM syndrome patients in the low 
total LE8 CVH group, the moderate and high total LE8 CVH groups 
was associated with a 48% (HR, 0.52; 95% CI, 0.42–0.64; p < 0.0001) 
and 70% (HR, 0.30; 95% CI, 0.20–0.46; p < 0.0001) lower risk of 
all-cause mortality, respectively. HR for every 10 scores increase in 
total LE8 score was 0.68 (95% CI, 0.64–0.74; p < 0.0001) in association 
with all-cause mortality (Table 2).

TABLE 1 (Continued)

Characteristic LE8 score p-value

0–49 50–79 80–100

Physical activity <0.0001

  Mean score, mean (SE) 28.49(1.74) 74.24(0.70) 96.86(0.33)

  Minutes per week 523.42(32.10) 1004.47(29.79) 1052.57(32.96)

Nicotine exposure <0.0001

  Mean score, mean (SE) 43.89(1.41) 73.12(0.70) 92.42(0.58)

Sleep health <0.0001

  Mean score, mean (SE) 67.87(1.03) 84.14(0.37) 93.35(0.51)

  Hours per day 6.54(0.05) 7.12(0.02) 7.44(0.03)

Body mass index <0.0001

  Mean score, mean (SE) 28.05(0.96) 49.47(0.56) 74.21(0.72)

  kg/m2 35.91(0.27) 30.88(0.12) 26.57(0.12)

Blood lipids <0.0001

  Mean score, mean (SE) 44.20(1.02) 61.18(0.55) 81.81(0.88)

  Non-HDL cholesterol, mg/dL 162.40(1.61) 143.36(0.87) 121.18(1.06)

Blood glucose <0.0001

  Mean score, mean (SE) 57.32(0.89) 82.69(0.37) 96.68(0.37)

  HbA1c, % 6.51(0.04) 5.68(0.01) 5.29(0.01)

Blood pressure <0.0001

  Mean score, mean (SE) 44.23(0.93) 63.47(0.50) 86.65(0.70)

  Systolic, mmHg 133.53(0.67) 124.71(0.26) 114.47(0.47)

  Diastolic, mmHg 73.74(0.56) 72.03(0.25) 68.64(0.40)

CKM syndrome stage, n (%) <0.0001

  Stage 1 165(10.58) 2,444(33.11) 982(58.98)

  Stage 2 1,002(53.83) 4,374(51.11) 611(34.79)

  Stage 3 167(13.48) 410(6.11) 30(1.78)

  Stage 4 416(22.11) 957(9.67) 80(4.45)

Advanced CKM syndrome, n (%) <0.0001

  Yes 583(35.59) 1,367(15.78) 110(6.23)

  No 1,167(64.41) 6,818(84.22) 1,593(93.77)

Values are weighted mean (SE) for continuous variables or numbers (weighted %) for categorical variables. Because all numbers were rounded, percentages may not total 100%. CVH, 
cardiovascular health; eGFR, estimated glomerular filtration rate; HbA1c, Hemoglobin A1c; HEI-2015, Healthy Eating Index 2015; LE8, Life’s Essential 8; non-HDL, non-high-density 
lipoprotein; PIR, poverty income ratio.
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When stratified by advanced stages, interestingly, a reduced risk 
of all-cause mortality was observed only among advanced CKM 
syndrome patients within the moderate and high total LE8 CVH 
groups when compared to all-cause mortality risk in the low total LE8 
CVH group (HR, 0.51; 95% CI, 0.37–0.69; p < 0.0001 and HR, 0.35; 
95% CI, 0.17–0.72; p = 0.005, respectively). However, this association 
was not observed among non-advanced CKM syndrome patients 
(HR, 0.81; 95% CI, 0.60–1.11; p = 0.19 and HR, 0.56; 95% CI, 0.27–
1.16; p = 0.12, respectively). These findings suggest that the total LE8 

CVH score may not be suitable for determining the risk of all-cause 
mortality in non-advanced CKM syndrome patients.

Association of LE8 health behaviors and 
factors score with all-cause mortality

Given that the total LE8 CVH score contains aspects that partially 
overlap with the definitions of the components of CKM syndrome, 

FIGURE 2

The multivariable adjusted RCS models for association of LE8 score and its subscales with all-cause mortality in CKM syndrome patients. (A,B) Total 
LE8 score; (C,D) LE8 health behaviors score; (E,F) LE8 health factors score. (A) The RCS model with 3 knots showed the lowest AIC statistics; 
(B) Association of total LE8 score with all-cause mortality in CKM syndrome patients; (C) The RCS model with 3 knots showed the lowest AIC statistics; 
(D) Association of LE8 health behaviors score with all-cause mortality in CKM syndrome patients; (E) The RCS model with 6 knots showed the lowest 
AIC statistics; (F) Association of LE8 health factors score with all-cause mortality in CKM syndrome patients. AIC, Akaike information criterion; CKM, 
Cardiovascular-Kidney-Metabolic; LE8, Life’s Essential 8; RCS, restricted cubic spline.
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such as BMI, blood lipid profile, blood glucose, and blood pressure, 
its effect on CKM syndrome might be lessened. Therefore, we divided 
the total LE8 score into two categories: health behaviors score 
(including diet, physical activity, nicotine exposure, and sleep 
duration) and health factors score (including BMI, non-HDL, blood 
glucose, and blood pressure). The RCS model with 3 knots (lowest 
AIC: 10279.18, Figure 2C and Supplementary Table S6) revealed that 
there were approximately a negative linear dose–response association 
between increased health behaviors score and a reduced risk of 
all-cause mortality in CKM syndrome patients (p for non-linear > 
0.05, Figure 2D). Conversely, the RCS model with 6 knots (lowest AIC: 
10367.34, Figure 2E and Supplementary Table S7) showed that the 
association of health factors score with all-cause mortality was 
nonlinear (p < 0.0001) and displayed a W-shaped pattern (Figure 2F). 
In comparison to their counterparts in the low health behaviors score 
group, CKM syndrome patients in the moderate and high health 
behaviors score groups still exhibited a significant decrease in HRs for 
all-cause mortality, as well as advanced and non-advanced CKM 
syndrome patients (Table  3). However, this significance was not 
observed within the health factors score category (Table 4).

PAF of LE8 to all-cause mortality

Figure 3A shows that the adjusted PAF of high (≥80 points) vs. 
moderate or low CVH score (<80 points) with all-cause mortality in 
CKM syndrome patients, and the three metrics were ranked in the 
relative order of higher to lower fractions as follows: total LE8 score 
(45.8%), health behaviors score (20.0%), health factors score (11.6%). 
For advanced and non-advanced CKM syndrome patients, the order 
of PAFs remained consistent (Figures 3B,C).

Subgroup and sensitivity analyses

Subgroup analyses by age, sex, ethnicity, education level, family 
income, marital status, alcohol status, cancer and the use of 
antihypertensive, antidiabetic, lipid-lowering medications 
demonstrated similar associations between LE8 health behaviors 
score and all-cause mortality in the CKM syndrome group 
(Supplementary Table S8), as well as advanced and non-advanced 
CKM syndrome patients (Supplementary Tables S9, S10). Besides, 
the patterns of moderate and high health behaviors score in relation 
to reduced risk of all-cause mortality remained consistent after 
excluding participants death within the first year of follow-up 
(Supplementary Table S11) or with cancer history 
(Supplementary Table S12), as well as iterative imputation for 
missing covariates (Supplementary Table S13).

Discussion

In this large, prospective cohort study of U.S. adults with CKM 
syndrome, we discovered that the LE8 health behaviors score, rather 
than the total LE8 score, was significantly correlated with all-cause 
mortality in both advanced and non-advanced CKM syndrome 
patients. Our adjusted PAF estimates suggested that 22.5 and 23.9% of 
all-cause mortality associated with low or moderate health behaviors 
score could be avoided/eliminated if high health behaviors score were 
achieved in advanced and non-advanced CKM syndrome patients, 
respectively. These results highlight the significance of maintaining 
healthy lifestyle behaviors in CKM syndrome patients.

Non-communicable diseases (NCDs), which primarily include 
CVD, CKD, chronic respiratory diseases, cancers and diabetes, are the 

TABLE 2 Association between total LE8 score and all-cause mortality in CKM syndrome patients.

Total LE8 score Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value

Overall

Low (0–49) 1 (reference) 1 (reference)

Moderate (50–79) 0.57(0.47,0.70) <0.0001 0.52(0.42,0.64) <0.0001

High (80–100) 0.36(0.22,0.56) <0.0001 0.30(0.20,0.46) <0.0001

Per 10 score increase 0.76(0.71,0.81) <0.0001 0.68(0.64,0.74) <0.0001

Advanced CKM syndrome

Low (0–49) 1 (reference) 1 (reference)

Moderate (50–79) 0.51(0.40,0.65) <0.0001 0.51(0.37,0.69) <0.0001

High (80–100) 0.31(0.15,0.61) <0.001 0.35(0.17,0.72) 0.005

Per 10 score increase 0.72(0.65,0.79) <0.0001 0.67(0.59,0.76) <0.0001

Non-advanced CKM syndrome

Low (0–49) 1 (reference) 1 (reference)

Moderate (50–79) 0.81(0.60,1.10) 0.18 0.81(0.60,1.11) 0.19

High (80–100) 0.55(0.26,1.13) 0.10 0.56(0.27,1.16) 0.12

Per 10 score increase 0.85(0.77,0.94) 0.001 0.73(0.64,0.83) <0.0001

Model 1: adjusted for sociodemographic variables (age, sex, ethnicity, educational level, family income, and marital status). Model 2: Model 1 + body mass index, hemoglobin A1c, total 
cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, estimated glomerular filtration rate, alcohol status, history of cancer, and the use of antihypertensive, 
antidiabetic, lipid-lowering medications. CI, confidence intervals; CKM, cardiovascular-kidney-metabolic; HR, hazard ratio; LE8, Life’s Essential 8.
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leading cause of morbidity and mortality worldwide. The Global 
Burden of Disease Study reveals that the proportion of deaths caused 
by NCDs increased from 56.8% in 1990 to 74.4% in 2019 (25). 
Additionally, their reference forecast predicts that there will be  a 
continued shift in disease burden to NCDs between 2022 and 2050 

(26). CVD accounts for most deaths from NCDs globally, with the 
death toll rising from 12.1 million in 1990 to 20.5 million in 2025, and 
possibly reaching 35.6 million by 2050 (1). CKD is another significant 
contributor to the global burden of NCDs. In 2019, it was estimated 
that 697 million individuals had CKD, resulting in 1.4 million deaths 

TABLE 3 Association between LE8 health behaviors score and all-cause mortality in CKM syndrome patients.

Health behaviors 
score

Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value

Overall

Low (0–49) 1 (reference) 1 (reference)

Moderate (50–79) 0.58(0.49,0.70) <0.0001 0.59(0.49,0.71) <0.0001

High (80–100) 0.32(0.24,0.42) <0.0001 0.33(0.25,0.44) <0.0001

Per 10 score increase 0.80(0.77,0.83) <0.0001 0.81(0.78,0.84) <0.0001

Advanced CKM syndrome

Low (0–49) 1 (reference) 1 (reference)

Moderate (50–79) 0.51(0.39,0.68) <0.0001 0.52(0.39,0.70) <0.0001

High (80–100) 0.32(0.22,0.47) <0.0001 0.35(0.24,0.49) <0.0001

Per 10 score increase 0.78(0.73,0.83) <0.0001 0.78(0.73,0.83) <0.0001

Non-advanced CKM syndrome

Low (0–49) 1 (reference) 1 (reference)

Moderate (50–79) 0.75(0.56,0.97) 0.04 0.75(0.55,0.98) 0.04

High (80–100) 0.38(0.24,0.59) <0.0001 0.38(0.24,0.59) <0.0001

Per 10 score increase 0.85(0.79,0.91) <0.0001 0.84(0.79,0.90) <0.0001

Model 1: adjusted for sociodemographic variables (age, sex, ethnicity, educational level, family income, and marital status). Model 2: Model 1 + body mass index, hemoglobin A1c, total 
cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, estimated glomerular filtration rate, alcohol status, history of cancer, and the use of antihypertensive, 
antidiabetic, lipid-lowering medications. CI, confidence intervals; CKM, cardiovascular-kidney-metabolic; HR, hazard ratio; LE8, Life’s Essential 8.

TABLE 4 Association between LE8 health factors score and all-cause mortality in CKM syndrome patients.

Health factors score Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value

Overall

Low (0–49) 1 (reference) 1 (reference)

Moderate (50–79) 0.78(0.64,0.94) 0.01 0.90(0.71,1.13) 0.36

High (80–100) 0.88(0.69,1.13) 0.33 0.97(0.67,1.41) 0.88

Per 10 score increase 0.94(0.89,1.01) 0.07 0.93(0.85,1.02) 0.11

Advanced CKM syndrome

Low (0–49) 1 (reference) 1 (reference)

Moderate (50–79) 0.80(0.62,1.02) 0.07 1.15(0.87,1.53) 0.33

High (80–100) 0.79(0.48,1.30) 0.35 1.37(0.69,2.73) 0.37

Per 10 score increase 0.91(0.83,1.01) 0.06 1.01(0.88,1.15) 0.90

Non-advanced CKM syndrome

Low (0–49) 1 (reference) 1 (reference)

Moderate (50–79) 0.94(0.65,1.35) 0.74 0.72(0.45,1.14) 0.16

High (80–100) 1.17(0.76,1.78) 0.48 0.67(0.36,1.25) 0.21

Per 10 score increase 1.03(0.94,1.13) 0.53 0.88(0.74,1.03) 0.11

Model 1: adjusted for sociodemographic variables (age, sex, ethnicity, educational level, family income, and marital status). Model 2: Model 1 + body mass index, hemoglobin A1c, total 
cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, estimated glomerular filtration rate, alcohol status, history of cancer, and the use of antihypertensive, 
antidiabetic, lipid-lowering medications. Abbreviations: CI, confidence intervals; CKM, cardiovascular-kidney-metabolic; HR, hazard ratio; LE8, Life’s Essential 8.
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(27). Furthermore, the prevalence and death rate of diabetes 
worldwide are alarming, with 828 million cases and 1.4 million deaths 
reported in 2022 (28). Cardiovascular, kidney, and metabolic systems 
are intricately connected (29), with the onset of diseases in these areas 
often linked to common pathophysiological processes and risk factors, 
including dysglycemia, dyslipidemia, hypertension, and obesity (30). 
Therefore, dysfunction in one system can initiate and magnify 
dysfunction in others, affecting subsequent health outcomes and life 
expectancy (31, 32).

Considering the complex interplay of the mechanisms of the 
above conditions, the AHA proposed the concept of CKM syndrome 
staging in October 2023 (7). The staging incorporates abdominal 
obesity and other metabolic dysfunctions, as they may increase the 
risk of CKM syndrome progression. Individuals who do not present 
CKM health risk factors are classified as stage 0. Those with excess 
or dysfunctional adiposity are classified as stage 1, those with 
metabolic risk factors or moderate to high-risk CKD as stage 2, 
those with subclinical CVD or very high-risk CKD in CKM as stage 
3, and those with clinical CVD in CKM syndrome as stage 4 (7). 
Recent study indicated that CKM syndrome is highly prevalent 
among U.S. adults, with about 90% meeting the criteria for CKM 
stage 1 or higher, and 15% of U.S. adults are identified as having 
advanced CKM stages (stage 3 or 4) (8). Moreover, based on a large, 
nationally representative cohort of U.S. adults, Zhu et al. found that 
compared with non-advanced CKM stages, the adjusted HR for 

all-cause premature mortality for advanced stages was 1.79 (1.53–
2.10) (5). The poor CKM health highlights the urgent need for 
public health intervention to optimize the health of individuals in 
the U.S.

In 2022, the AHA introduced the LE8 score, a detailed and 
sensitive tool for assessing CVH (10). By comprehensively combining 
four modifiable health behaviors (diet, physical activity, nicotine 
exposure, sleep health) and four health factors (BMI, non-HDL 
cholesterol, blood glucose, blood pressure), the LE8 score is considered 
as an ideal CVH metric. Previous research involving different 
populations has indicated that achieving a high LE8 score could 
significantly reduce mortality (33–35). Besides, the LE8 score has 
demonstrated an inverse relationship with the prevalence of CVD 
(11), CKD (12), and diabetes (13). Given its close relationship to 
mortality and major CKM components, the LE8 score was 
hypothesized to be related to the risk of all-cause mortality in CKM 
syndrome patients, particularly in both advanced and non-advanced 
syndrome patients.

Interestingly, our analysis revealed a correlation between LE8 
score and all-cause mortality in advanced CKM syndrome patients, 
when no correlation was found in non-advanced CKM syndrome 
patients. We consider that this nonsignificant may be attributed to 
four components of the LE8 score overlapping with the definition of 
CKM syndrome: BMI, blood lipid profile, blood glucose, and blood 
pressure. These shared factors may have attenuated the effect of LE8 

FIGURE 3

PAF of LE8 score to all-cause mortality among CKM syndrome patients (A), non-advanced (B) and advanced (C) CKM syndrome patients. CKM, 
Cardiovascular-Kidney-Metabolic; CVH, Cardiovascular health; LE8, Life’s Essential 8; PAF, population attributable fraction.
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score on the risk of all-cause mortality in non-advanced CKM 
syndrome patients. We  then explored the association of the LE8 
subscales, namely LE8 health behaviors and factors score, with 
all-cause mortality. As anticipated, the LE8 health behaviors score 
was significantly associated with all-cause mortality in both 
advanced and non-advanced CKM syndrome patients, while the LE8 
health factors score failed to show the correlations. The RCS curve 
showed that a higher LE8 health behaviors score was associated with 
a largely reduced risk of all-cause mortality in a dose–response 
manner. For CKM syndrome patients, a small improvement in LE8 
health behaviors score could lead to a large reduction in all-cause 
mortality, and this trend was more pronounced at lower LE8 health 
behaviors score, suggesting that CKM syndrome patients with lower 
LE8 health behaviors score may benefit more from a 
small improvement.

For now, this is the first study to evaluate the relationship between 
LE8 health behaviors score and all-cause mortality in CKM syndrome 
patients. The underlying potential mechanism may be  related to 
insulin resistance. The AHA presidential advisory emphasizes that 
managing and preventing CKM syndrome primarily targets excess 
body fat and insulin resistance, which are key drivers of its harmful 
effects. Cardiovascular health behaviors, including a healthy diet, 
regular physical activity, and smoking cessation, are fundamental to 
the prevention of excessive weight gain and the improvement of 
insulin resistance (7). Social determinants of health (SDOH) might 
also be a main mechanism of this association. Unfavorable SDOHs 
(e.g., unemployed status, low food security, not married or living with 
a partner, etc.), were associated with higher odds of CKM 
multimorbidity (36) and increased risks of all-cause premature 
mortality across CKM stages (5). Adverse SDOHs have downstream 
consequences for events and mortality from CVD, CKD, and diabetes 
through behavioral pathways, such as physical inactivity and 
unhealthy diets (7, 37, 38).

Strengths of the study include the nationally representative 
sample of U.S. adults with CKM syndrome. In addition, we explored 
the associations between total LE8 score and its subscales (LE8 health 
behaviors and factors score) with mortality risk, providing convincing 
evidence that the LE8 health behaviors score is useful for assessing 
the risk of all-cause mortality in both advanced and non-advanced 
CKM syndrome patients. However, there are several potential 
limitations that need to be acknowledged. First, the observational 
study design prevented us from concluding a causal association 
between LE8 health behaviors score and mortality. Second, the 
assessment of LE8 health behavior indicators was based on self-
report questionnaires, which are susceptible to recall bias. For 
example, participants may overestimate or underestimate physical 
activity levels, and perceptions of physical activity intensity may vary 
from person to person. However, the subjective measures of physical 
activity have been shown to correlate significantly with objective 
measures, such as accelerometry (39). Third, data on LE8 metrics 
were only obtained at baseline. Thus, we were unable to consider the 
impact of long-term variations in these CVH metrics over the course 
of follow-up. Further studies are needed to determine the relationship 
between dynamics of these scores and health outcomes in CKM 
syndrome patients. Fourth, certain CVD-related data, like 
echocardiographic parameters and coronary angiography, which are 
used to define advanced CKM syndrome stages, were not available in 

the NHANES database, potentially causing an underestimation of 
advanced CKM syndrome. Fifth, there were relatively few deaths 
from CVD and cancer in each CVH group, so we did not concentrate 
on mortality from these causes. Finally, our study is limited to the 
U.S. population and therefore cannot be  generalized to other 
countries or other ethnic groups.

Conclusion

In conclusion, in this nationally representative sample of 
U.S. adults, our study revealed a significant association between the 
LE8 health behaviors score and all-cause mortality among both 
advanced and non-advanced CKM syndrome patients. The LE8 health 
behaviors score could yield crucial insights for improving risk 
management approaches for CKM syndrome in future research and 
clinical practice.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author/s.

Ethics statement

The studies involving humans were approved by National Center 
for Health Statistics Research Ethics Review Board. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. Written informed consent for participation was not 
required from the participants or the participants’ legal guardians/
next of kin in accordance with the national legislation and 
institutional requirements.

Author contributions

DT: Writing – original draft, Formal Analysis, Methodology. XZ: 
Methodology, Software, Writing  – original draft. PL: Software, 
Writing – original draft, Methodology. JW: Writing – review & editing, 
Conceptualization.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was supported 
by grant from Liaoning Province Union Program -Application 
Fundamental Research Project (2023JH2/101700138).

Acknowledgments

We thank the National Center for Health Statistics of the Centers 
for Disease Control and Prevention for sharing the NHANES data. 

https://doi.org/10.3389/fnut.2025.1612693
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Tu et al. 10.3389/fnut.2025.1612693

Frontiers in Nutrition 12 frontiersin.org

We  also thank Home for Researchers (https://www.home-for-
researchers.com/) for their linguistic assistance.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1612693/
full#supplementary-material

References
 1. Chong B, Jayabaskaran J, Jauhari SM, Chan SP, Goh R, Kueh MTW, et al. Global 

burden of cardiovascular diseases: projections from 2025 to 2050. Eur J Prev Cardiol. 
(2024) 1–15. doi: 10.1093/eurjpc/zwae281

 2. Martin SS, Aday AW, Allen NB, Almarzooq ZI, Anderson CAM, Arora P, et al. 
2025 Heart disease and stroke statistics: A report of US and global data from the 
American Heart Association. Circulation. (2025) 151:e41–e660. doi: 
10.1161/CIR.0000000000001303

 3. Ndumele CE, Neeland IJ, Tuttle KR, Chow SL, Mathew RO, Khan SS, et al. A 
synopsis of the evidence for the science and clinical management of cardiovascular-
kidney-metabolic (CKM) syndrome: a scientific statement from the American Heart 
Association. Circulation. (2023) 148:1636–64. doi: 10.1161/CIR.0000000000001186

 4. Sebastian SA, Padda I, Johal G. Cardiovascular-kidney-metabolic (CKM) 
syndrome: a state-of-the-art review. Curr Probl Cardiol. (2024) 49:102344. doi: 
10.1016/j.cpcardiol.2023.102344

 5. Zhu R, Wang R, He J, Wang L, Chen H, Wang Y, et al. Associations of 
cardiovascular–kidney–metabolic syndrome stages with premature mortality and the 
role of social determinants of health. J Nutr Health Aging. (2025) 29:100504. doi: 
10.1016/j.jnha.2025.100504

 6. Li N, Li Y, Cui L, Shu R, Song H, Wang J, et al. Association between different 
stages of cardiovascular-kidney-metabolic syndrome and the risk 
of all-cause mortality. Atherosclerosis. (2024) 397:118585. doi: 10.1016/ 
j.atherosclerosis.2024.118585

 7. Ndumele CE, Rangaswami J, Chow SL, Neeland IJ, Tuttle KR, Khan SS, et al. 
Cardiovascular-kidney-metabolic health: a presidential advisory from the 
American Heart Association. Circulation. (2023) 148:1606–35. doi: 
10.1161/CIR.0000000000001184

 8. Aggarwal R, Ostrominski JW, Vaduganathan M. Prevalence of cardiovascular-
kidney-metabolic syndrome stages in US adults, 2011-2020. JAMA. (2024) 331:1858–60. 
doi: 10.1001/jama.2024.6892

 9. G.C.R. Consortium. Global effect of modifiable risk factors on 
cardiovascular disease and mortality. N Engl J Med. (2023) 389:1273–85. doi: 
10.1056/NEJMoa2206916

 10. Lloyd-Jones DM, Allen NB, Anderson CAM, Black T, Brewer LC, Foraker RE, et al. 
Life's essential 8: updating and enhancing the American Heart Association's construct 
of cardiovascular health: A presidential advisory from the American Heart Association. 
Circulation. (2022) 146:e18–43. doi: 10.1161/CIR.0000000000001078

 11. Li X, Ma H, Wang X, Feng H, Qi L. Life's essential 8, genetic susceptibility, and 
incident cardiovascular disease: A prospective study. Arterioscler Thromb Vasc Biol. 
(2023) 43:1324–33. doi: 10.1161/ATVBAHA.123.319290

 12. Ren Y, Cai Z, Guo C, Zhang Y, Xu H, Liu L, et al. Associations between life's 
essential 8 and chronic kidney disease. J Am  Heart Assoc. (2023) 12:e030564. doi: 
10.1161/JAHA.123.030564

 13. Xu W, Feng Y, Abdullah G, Li L, Fang P, Tang S, et al. Association between the 
AHA life’s essential 8 and prediabetes/diabetes: a cross-sectional NHANES study. Front 
Endocrinol. (2024) 15:1–14. doi: 10.3389/fendo.2024.1376463

 14. Sun J, Li Y, Zhao M, Yu X, Zhang C, Magnussen CG, et al. Association of the 
American Heart Association's new "life's essential 8" with all-cause and cardiovascular 
disease-specific mortality: prospective cohort study. BMC Med. (2023) 21:116. doi: 
10.1186/s12916-023-02824-8

 15. Palaniappan LP, Wong EC, Shin JJ, Fortmann SP, Lauderdale DS. Asian Americans 
have greater prevalence of metabolic syndrome despite lower body mass index. Int J 
Obes. (2011) 35:393–400. doi: 10.1038/ijo.2010.152

 16. Phillips JA. Dietary guidelines for Americans, 2020–2025. Workplace Health Safety. 
(2021) 69:395–5. doi: 10.1177/21650799211026980

 17. Wang L, Yi J, Guo X, Ren X. Associations between life's essential 8 and non-
alcoholic fatty liver disease among US adults. J Transl Med. (2022) 20:616. doi: 
10.1186/s12967-022-03839-0

 18. Han Y, Tang J, Wu N, Li Z, Ren H, Hu P, et al. Association between the life's 
essential 8 health behaviors score and all-cause mortality in patients with metabolic 
dysfunction-associated steatotic liver disease. Metabolism. (2025) 163:156096. doi: 
10.1016/j.metabol.2024.156096

 19. K SS, K M, Y S, SH B, ME G, A S, et al. Development and validation of the 
American Heart Association's PREVENT equations. Circulation. (2024) 149:430–49. 
doi: 10.1161/CIR.0000000000001230

 20. N.C.f.H. Statistics (2022) The linkage of National Center for Health Statistics 
survey data to the National Death Index — 2019 linked mortality file (LMF): linkage 
methodology and analytic considerations

 21. Chen Y, Lian W, Wu L, Huang A, Zhang D, Liu B, et al. Joint association of estimated 
glucose disposal rate and systemic inflammation response index with mortality in 
cardiovascular-kidney-metabolic syndrome stage 0-3: a nationwide prospective cohort study. 
Cardiovasc Diabetol. (2025) 24:147. doi: 10.1186/s12933-025-02692-x

 22. Ding X, Tian J, Chang X, Liu J, Wang G. Association between remnant cholesterol 
and the risk of cardiovascular-kidney-metabolic syndrome progression: insights from 
the China health and retirement longitudinal study. Eur J Prev Cardiol. (2025) doi: 
10.1093/eurjpc/zwaf248

 23. Spiegelman D, Hertzmark E, Wand HC. Point and interval estimates of partial 
population attributable risks in cohort studies: examples and software. Cancer Causes 
Control. (2007) 18:571–9. doi: 10.1007/s10552-006-0090-y

 24. Stekhoven DJ, Buhlmann P. Missforest--non-parametric missing value imputation 
for mixed-type data. Bioinformatics. (2012) 28:112–8. doi: 10.1093/bioinformatics/btr597

 25. Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global 
burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: a 
systematic analysis for the global burden of disease study 2019. Lancet. (2020) 
396:1204–22. doi: 10.1016/S0140-6736(20)30925-9

 26. G.F. Collaborators. Burden of disease scenarios for 204 countries and territories, 
2022-2050: a forecasting analysis for the global burden of disease study 2021. Lancet. 
(2024) 403:2204–56. doi: 10.1016/S0140-6736(24)00685-8

 27. Dong B, Zhao Y, Wang J, Lu C, Chen Z, Ma R, et al. Epidemiological analysis of 
chronic kidney disease from 1990 to 2019 and predictions to 2030 by Bayesian age-
period-cohort analysis. Ren Fail. (2024) 46:1–14. doi: 10.1080/0886022X.2024.2403645

 28. Zhou B, Rayner AW, Gregg EW, Sheffer KE, Carrillo-Larco RM, Bennett JE, et al. 
Worldwide trends in diabetes prevalence and treatment from 1990 to 2022: a pooled 
analysis of 1108 population-representative studies with 141 million participants. Lancet. 
(2024) 404:2077–93. doi: 10.1016/S0140-6736(24)02317-1

 29. Ostrominski JW, Arnold SV, Butler J, Fonarow GC, Hirsch JS, Palli SR, et al. 
Prevalence and overlap of cardiac, renal, and metabolic conditions in US adults, 
1999-2020. JAMA Cardiol. (2023) 8:1050–60. doi: 10.1001/jamacardio.2023.3241

 30. Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration. 
Cardiovascular disease, chronic kidney disease, and diabetes mortality burden of 
cardiometabolic risk factors from 1980 to 2010: a comparative risk assessment. Lancet 
Diabetes Endocrinol. (2014) 2:634–47. doi: 10.1016/S2213-8587(14)70102-0

 31. Cherney DZI, Repetto E, Wheeler DC, Arnold SV, MacLachlan S, Hunt PR, et al. 
Impact of cardio-renal-metabolic comorbidities on cardiovascular outcomes and mortality 
in type 2 diabetes mellitus. Am J Nephrol. (2020) 51:74–82. doi: 10.1159/000504558

https://doi.org/10.3389/fnut.2025.1612693
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.home-for-researchers.com/
https://www.home-for-researchers.com/
https://www.frontiersin.org/articles/10.3389/fnut.2025.1612693/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1612693/full#supplementary-material
https://doi.org/10.1093/eurjpc/zwae281
https://doi.org/10.1161/CIR.0000000000001303
https://doi.org/10.1161/CIR.0000000000001186
https://doi.org/10.1016/j.cpcardiol.2023.102344
https://doi.org/10.1016/j.jnha.2025.100504
https://doi.org/10.1016/j.atherosclerosis.2024.118585
https://doi.org/10.1016/j.atherosclerosis.2024.118585
https://doi.org/10.1161/CIR.0000000000001184
https://doi.org/10.1001/jama.2024.6892
https://doi.org/10.1056/NEJMoa2206916
https://doi.org/10.1161/CIR.0000000000001078
https://doi.org/10.1161/ATVBAHA.123.319290
https://doi.org/10.1161/JAHA.123.030564
https://doi.org/10.3389/fendo.2024.1376463
https://doi.org/10.1186/s12916-023-02824-8
https://doi.org/10.1038/ijo.2010.152
https://doi.org/10.1177/21650799211026980
https://doi.org/10.1186/s12967-022-03839-0
https://doi.org/10.1016/j.metabol.2024.156096
https://doi.org/10.1161/CIR.0000000000001230
https://doi.org/10.1186/s12933-025-02692-x
https://doi.org/10.1093/eurjpc/zwaf248
https://doi.org/10.1007/s10552-006-0090-y
https://doi.org/10.1093/bioinformatics/btr597
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(24)00685-8
https://doi.org/10.1080/0886022X.2024.2403645
https://doi.org/10.1016/S0140-6736(24)02317-1
https://doi.org/10.1001/jamacardio.2023.3241
https://doi.org/10.1016/S2213-8587(14)70102-0
https://doi.org/10.1159/000504558


Tu et al. 10.3389/fnut.2025.1612693

Frontiers in Nutrition 13 frontiersin.org

 32. Matsushita K, Ballew SH, Wang AY-M, Kalyesubula R, Schaeffner E, Agarwal R. 
Epidemiology and risk of cardiovascular disease in populations with chronic kidney 
disease. Nat Rev Nephrol. (2022) 18:696–707. doi: 10.1038/s41581-022-00616-6

 33. Ma H, Wang X, Xue Q, Li X, Liang Z, Heianza Y, et al. Cardiovascular health and 
life expectancy among adults in the United States. Circulation. (2023) 147:1137–46. doi: 
10.1161/CIRCULATIONAHA.122.062457

 34. Xing A, Tian X, Wang Y, Chen S, Xu Q, Xia X, et al. Life's essential 8′ cardiovascular 
health with premature cardiovascular disease and all-cause mortality in young adults: 
the Kailuan prospective cohort study. Eur J Prev Cardiol. (2023) 30:593–600. doi: 
10.1093/eurjpc/zwad033

 35. Ning H, Perak AM, Siddique J, Wilkins JT, Lloyd-Jones DM, Allen NB. Association 
between life's essential 8 cardiovascular health metrics with cardiovascular events in the 
cardiovascular disease lifetime risk pooling project. Circ Cardiovasc Qual Outcomes. 
(2024) 17:e010568. doi: 10.1161/CIRCOUTCOMES.123.010568

 36. Li J, Lei L, Wang W, Ding W, Yu Y, Pu B, et al. Social risk profile and cardiovascular-
kidney-metabolic syndrome in US adults. J Am Heart Assoc. (2024) 13:e034996. doi: 
10.1161/JAHA.124.034996

 37. Jilani MH, Javed Z, Yahya T, Valero-Elizondo J, Khan SU, Kash B, et al. Social 
determinants of health and cardiovascular disease: current state and future directions 
towards healthcare equity. Curr Atheroscler Rep. (2021) 23:55. doi: 
10.1007/s11883-021-00949-w

 38. Ozieh MN, Garacci E, Walker RJ, Palatnik A, Egede LE. The cumulative 
impact of social determinants of health factors on mortality in adults with diabetes 
and chronic kidney disease. BMC Nephrol. (2021) 22:76. doi: 
10.1186/s12882-021-02277-2

 39. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical 
activity in the United States measured by accelerometer. Med Sci Sports Exerc. (2008) 
40:181–8. doi: 10.1249/mss.0b013e31815a51b3

https://doi.org/10.3389/fnut.2025.1612693
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1038/s41581-022-00616-6
https://doi.org/10.1161/CIRCULATIONAHA.122.062457
https://doi.org/10.1093/eurjpc/zwad033
https://doi.org/10.1161/CIRCOUTCOMES.123.010568
https://doi.org/10.1161/JAHA.124.034996
https://doi.org/10.1007/s11883-021-00949-w
https://doi.org/10.1186/s12882-021-02277-2
https://doi.org/10.1249/mss.0b013e31815a51b3


Tu et al. 10.3389/fnut.2025.1612693

Frontiers in Nutrition 14 frontiersin.org

Glossary

AHA - American Heart Association

AIC - Akaike information criterion

BMI - Body mass index

CI - Confidence interval

CKD - Chronic kidney disease

CKM - Cardiovascular-Kidney-Metabolic

CVD - Cardiovascular disease

CVH - Cardiovascular health

eGFR - estimated glomerular filtration rate

HbA1c - Hemoglobin A1c

HDL - high-density lipoprotein

HEI-2015 - Healthy Eating Index-2015

HR - hazard ratios

ICD-10 - International Statistical Classification of Disease, 
Tenth Revision

LDL - low-density lipoprotein

LE8 - Life’s Essential 8

NCDs - Non-communicable diseases

NHANES - National Health and Nutrition Examination Survey

non-HDL - non-high-density lipoprotein

PAF - population attributable fraction

PREVENT - Predicting Risk of CVD EVENTs

RCS - restricted cubic spline

SDOH - Social determinants of health

SE - Standard errors

STROBE - Strengthening the Reporting of Observational Studies in 
Epidemiology

https://doi.org/10.3389/fnut.2025.1612693
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Association between the life’s essential 8 health behaviors score and all-cause mortality in cardiovascular-kidney-metabolic syndrome patients
	Introduction
	Methods
	Study design and participants
	Measurement of LE8
	Definitions of the components of CKM syndrome
	Definition of CKM syndrome stages
	Ascertainment of mortality
	Definition of covariates
	Statistical analysis

	Results
	Basic characteristics
	Association of total LE8 score with all-cause mortality
	Association of LE8 health behaviors and factors score with all-cause mortality
	PAF of LE8 to all-cause mortality
	Subgroup and sensitivity analyses

	Discussion
	Conclusion

	References

