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ORIGINAL RESEARCH

Associations Between Life’s Essential 8 and 
Chronic Kidney Disease
Yuqing Ren, MD*; Zongao Cai , MD*; Chunguang Guo, MD; Yuyuan Zhang , MD; Hui Xu, MD; Long Liu , MD; 
Libo Wang , MD; Yuhao Ba, Msc; Shutong Liu, Msc; Guojun Zhang , MD; Zaoqu Liu , MD; Xinwei Han , MD

BACKGROUND: Chronic kidney disease (CKD) is closely associated with cardiovascular disease. We aimed to examine the as-
sociation of Life’s Essential 8 (LE8), the recently updated measurement of cardiovascular health, with the prevalence of CKD 
among US adults.

METHODS AND RESULTS: This population-based cross-sectional study used data from the National Health and Nutrition 
Examination Survey from 2007 to 2018 and included adults aged ≥20 years. Multivariable logistic and restricted cubic spline 
models were used to assess the associations between LE8 and CKD. Among 24 960 participants, 4437 were determined to 
have CKD (weighted percentage, 14.11%). After the adjustment of potential confounders, higher LE8 scores were associated 
with reduced odds of CKD (odds ratio for each 10-point increase, 0.79 [95% CI, 0.76–0.83]), and a nonlinear dose–response 
relationship was observed. Similar patterns were also identified in the associations of health behavior and health factor scores 
with CKD. Meanwhile, higher scores for blood glucose (odds ratio, for each 10-point increase, 0.88 [95% CI, 0.87–0.90]) and 
blood pressure (odds ratio, for each 10-point increase, 0.92 [95% CI, 0.91–0.94]) in the LE8 component are significantly as-
sociated with a lower prevalence of CKD. The inversed association of LE8 score and CKD was significantly stronger among 
middle-aged, male, and coupled participants.

CONCLUSIONS: LE8 was negatively associated with the prevalence of CKD in a nonlinear fashion. Promoting adherence to 
optimal cardiovascular health levels may be beneficial to reduce the burden of CKD.
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Chronic kidney disease (CKD) is caused by various 
underlying disease mechanisms that irrevers-
ibly impair the functional structure of the kidney.1 

Approximately 11% of the general US population is af-
fected by CKD, which increases the risk of cardiovas-
cular disease (CVD).2–4 Meanwhile, over a third of US 
adults die of CVDs each year.5 As CKD progresses, 
the susceptibility of CKD patients to CVD increases. 
Accumulating evidence has indicated that CKD signifi-
cantly increases the risk of CVD.6–9

The American Heart Association (AHA) initiated 
Life’s Simple 7 (LS7) as a measure to enhance the 

cardiovascular health (CVH) of the general popula-
tion.10 LS7 has emerged as a powerful tool for assess-
ing CVH, and extensive studies have demonstrated a 
significant, progressive, negative link between the ideal 
number of CVH indicators or overall CVH score and 
total CVD, CVD death, all-cause death, and various 
non-CVD outcomes.11–14 The components of LS7 in-
cluded 3 health behaviors (diet, physical activity, and 
exposure to cigarette smoking) and 4 health factors 
(body mass index, fasting blood glucose, total cho-
lesterol, and blood pressure). Each metric was clas-
sified as poor, intermediate, or ideal on the basis of 
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generally accepted clinical thresholds.10 Overall, ideal 
CVH was defined as having all 7 metrics at ideal levels. 
Nevertheless, the use of LS7 evaluations for the com-
plete range of health behaviors under current settings 
may be inappropriate due to some characteristics of 
the LS7 component definitions, and also the original 
definition of each component of LS7 cannot ade-
quately and fully reflect the interindividual variation and 
intraindividual variability.11

Therefore, the AHA recently introduced a revised 
ideal CVH measure, called Life’s Essential 8 (LE8), which 
added sleep as an eighth CVH metric and updated the 
scoring of CVH metrics.11 The LE8 is a scoring system 
that is more sensitive to interindividual differences and 
intraindividual variation, emphasizing mental health to 
maintain or enhance CVH.15,16 Considering the tight 
link between CKD and CVD, facilitating LE8 may be a 
prophylactic and managerial measure to diminish the 
burden of CKD. Increasing studies have demonstrated 

that higher LS7 levels are associated with a reduced 
risk of CKD,17–19 while the association between LE8 
and CKD remains elusive.

This cross-sectional study investigated whether LE8 
scores were related to CKD risk among US adults on 
the basis of data from the National Health and Nutrition 
Examination Survey (NHANES). We also analyzed the 
relevance between LE8 scores and CKD at different 
levels of age strata, sex, race and ethnicity, education 
levels, poverty, and marital status.

METHODS
All data are publicly available and can be accessed at 
the NHANES (https:// wwwn. cdc. gov/ nchs/ nhanes/ 
Defau lt. aspx). Relevant R code is available upon rea-
sonable request to the corresponding author.

Study Participants
NHANES is a continuous cross-sectional survey that 
focuses on estimating the prevalence of primary ill-
nesses and disease-specific risk factors in the United 
States. A detailed description of the survey is available 
at http:// www. cdc. gov/ nchs/ nhanes. htm. NHANES 
employs a sophisticated multiperiod probability-
based sampling method to achieve a nationally rep-
resentative sample. The National Center for Health 
Statistics Research Ethics Review Board approved 
all NHANES protocols, and all participants provided 
written informed consent. This cross-sectional study 
used NHANES data from 2007 to 2018 and adhered 
to the guidelines for Strengthening the Reporting of 
Observational Studies in Epidemiology.20

Among the 59 842 participants in NHANES 2007 
to 2018, 34 770 were aged ≥20 years. Participants 
without complete data on serum creatinine or albu-
min-to-creatinine ratio (n=3506), those with missing 
data on CVH metrics (n=3931), and those with missing 
data on relevant demographic characteristics (n=2373) 
were eliminated. Ultimately, this study involved 24 960 
adult participants (Figure S1).

Demographic Characteristics
During the home interviews, trained interviewers col-
lected demographic information using computer-
assisted personal interviewing. Age was separated 
into 3 categories: 20 to 39 years, 40 to 59 years, 
and ≥60 years. Race and ethnicity were classified as 
Mexican American, Non-Hispanic White, Non-Hispanic 
Black, Other Hispanic, and other race/multiracial. The 
poverty ratio was estimated by dividing monthly family 
income by the poverty level and then classified into 4 
groups: ≤1.30, 1.31 to 1.85, 1.86 to 3.50, and >3.50.21 
Education levels were categorized into 3 groups: less 
than high school, high school, and more than high 

CLINICAL PERSPECTIVE

What Is New?
• This cross-sectional study, which included a 

nationally representative sample of US adults, 
found that Life’s Essential 8 was negatively as-
sociated with the prevalence of chronic kidney 
disease in a nonlinear fashion.

• Subgroup analyses further revealed stronger 
negative associations between Life’s Essential 
8 scores and chronic kidney disease in middle-
aged, male, and coupled populations.

What Are the Clinical Implications?
• These findings hint that Life’s Essential 8 may 

have clinical application as a functional and utili-
tarian composite indicator for improving kidney 
health.

• Recognizing the inherent variability in the com-
ponents of Life’s Essential 8 may have impor-
tant clues for enhancing renal function.
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school. Single/separated or coupled were the 2 marital 
status categories.

Diagnosis of CKD
In NHANES 2007 to 2016, serum and urinary creatinine 
were measured using the Jaffe rate methods, while in 
NHANES 2017 to 2018, serum and urinary creatinine 
were calculated with enzymatic methods. Urinary al-
bumin was evaluated using a fluorescent immuno-
assay. The Chronic Kidney Disease Epidemiology 
Collaboration equation calculated the estimated glo-
merular filtration rate on the basis of serum creatinine 
as a sign of kidney function,2 and albuminuria was 
calculated as the ratio of urine albumin to creatinine. 
According to current guidelines, CKD was defined as 
estimated glomerular filtration rate <60 mL/min per 
1.73 m2 or albuminuria ≥30 mg/g, or both.22

Measurement of LE8
The AHA has recently updated LS7 to LE8 to quantify 
CVH, which includes 4 health behaviors (diet, physi-
cal activity, nicotine exposure, and sleep health) and 
4 health factors (body mass index, blood lipids, blood 
glucose, and blood pressure), as a way to significantly 
enhance guidance on improving CVH in the general 
population. The elaborated description of the calcula-
tion of scores for each metric of LE8 using NHANES 
data can be viewed in Table  S1.11,15 Overall, each of 
the 8 LE8 indicators was rated on a scale of 0 to 100 
points, and the unweighted average of these 8 indica-
tors was calculated to obtain the total LE8 score. The 
AHA recommended that participants with LE8 scores 
>80 were categorized as high CVH, those with LE8 
scores of 50 to 79 were classified as moderate CVH, 
and those with LE8 scores <50 were grouped as low 
CVH.11 To further explore the association between the 
LE8 subscales and CKD, this study adopted the equal 
definition and assertion signs to classify LE8 subscale 
scores.

Healthy Eating Index 2015 was used to estimate the 
dietary metric.23 Table S2 generalizes the constituents 
and criteria for scoring the Healthy Eating Index-2015. 
The Healthy Eating Index-2015 scores were calcu-
lated using information from the first 24-hour dietetic 
recall interview completed during the mobile examina-
tion center visit, and if two 24-hour recalls were avail-
able, the first one that provided diet data was used. 
Information on physical activity, nicotine exposure, and 
sleep health, as well as diabetes and medication his-
tory, was obtained through self-report questionnaires. 
During the physical examination, participants were pro-
fessionally measured for blood pressure, height, and 
weight. Body mass index was measured as weight in 
kilograms divided by the square of height in meters. 
Researchers collected blood samples for analysis of 

blood lipids, plasma glucose, and glycated hemoglo-
bin at central laboratories.

Statistical Analysis
The data were analyzed following the analytical 
guidelines and recommended survey weights for 
NHANES data. Baseline characteristics were de-
scribed using weighted means with SE for con-
tinuous variables and unweighted frequencies with 
weighted percentages for categorical variables. 
Participants were classified into CKD and non-CKD 
groups on the basis of their CKD status, and baseline 
characteristics were compared using the t-test for 
continuous variables and the Rao–Scott chi-square 
test for categorical variables. Participants were cat-
egorized into 3 groups on the basis of LE8 scores, 
and age-standardized prevalence estimates and SE 
were computed separately.

The independent association between LE8 and its 
components with CKD was investigated using sur-
vey-weighted multivariable logistic regressions by 
adjusting for potential confounders. Additionally, the 
underlying nonlinear associations between LE8 and its 
subscales with CKD were examined by applying re-
stricted cubic spline regression, and nonlinearity was 
evaluated with the likelihood ratio test.

To further investigate the association between LE8 
and CKD in different populations, stratified analyses 
were implemented by age strata, sex, race and ethnic-
ity, poverty ratio, education levels, and marital status. 
The significance of interactions was estimated using 
P values for the interaction coefficients between LE8 
and subgroup populations. Furthermore, we excluded 
participants with self-reported histories of CVD (in-
cluding coronary heart disease, angina, congestive 
heart failure, and heart attack; n=2710) to evaluate 
the soundness of our results. All statistical analyses 
were performed using R version 4.2.1 software (R 
Foundation for Statistical Computing, Vienna, Austria). 
Statistical tests were 2-sided, and statistical signifi-
cance was assumed to be P<0.05.

RESULTS
Baseline Characteristics
In this study, 24 960 adults aged ≥20 years were en-
rolled. Based on the prevalence of CKD, Table  1 
generalizes the baseline characteristics of the study 
participants. The weighted mean (SE) age of the study 
population was 47.43 years (0.26), of which 12 660 
participants were women (weighted percentage, 
51.08%). The mean (SE) of the LE8 score was 65.83 
(0.28), and the unweighted frequencies (weighted per-
centages) for low, medium, and high CVH were 4680  
(18.75%), 16 591 (66.47%), and 3689 (14.78%), respectively.  
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There were 4437 participants (weighted percentage, 
14.11%) with CKD. Populations with CKD were older, 
more likely to be women, non-Hispanic White, and sin-
gle or separated, and had lower education and poverty 
ratio levels versus those with non-CKD. Compared with 
individuals with CKD, participants without CKD had 
higher scores in LE8, physical activity, sleep health, 

body mass index, blood glucose, blood pressure, and 
blood lipids.

LE8 Score and CKD
Participants with high CVH had a lower age-ad-

justed prevalence of CKD compared with those with 

Table 1. Baseline Characteristics of the Study Population*

Characteristics Overall Non-CKD CKD P value

Participant number 24 960 20 523 4437 …

Age, y, mean (SE) 47.43 (0.26) 45.28 (0.26) 60.55 (0.36) <0.0001

Age strata, y, n (%)

20–39 8323 (35.98) 7800 (39.44) 523 (14.89) <0.0001

40–59 8404 (38.08) 7402 (40.06) 1002 (26.04)

≥60 8233 (25.94) 5321 (20.50) 2912 (59.07)

Sex, n (%)

Male 12 300 (48.92) 10 186 (49.91) 2114 (42.86) <0.0001

Female 12 660 (51.08) 10 337 (50.09) 2323 (57.14)

Race and ethnicity, n (%)

Mexican American 3689 (8.14) 3128 (8.36) 561 (6.84) <0.0001

Non-Hispanic White 10 925 (68.93) 8756 (68.57) 2169 (71.12)

Non-Hispanic Black 5047 (10.17) 4075 (9.94) 972 (11.58)

Other Hispanic 2501 (5.42) 2131 (5.60) 370 (4.33)

Other race/multiracial 2798 (7.34) 2433 (7.54) 365 (6.13)

Poverty ratio, n (%)

≤1.30 7903 (21.15) 6379 (20.61) 1524 (24.44) <0.0001

1.31–1.85 3381 (10.55) 2667 (9.97) 714 (14.07)

1.86–3.50 6022 (24.99) 4876 (24.61) 1146 (27.29)

>3.50 7654 (43.31) 6601 (44.80) 1053 (34.20)

Education levels, n (%)

Less than high school 2317 (4.69) 1704 (4.15) 613 (7.96) <0.0001

High school 9102 (32.91) 7323 (32.05) 1779 (38.14)

More than high school 13 541 (62.41) 11 496 (63.81) 2045 (53.90)

Marital status, n (%)

Coupled 14 936 (63.88) 12 506 (64.60) 2430 (59.49) <0.0001

Single or separated 10 024 (36.12) 8017 (35.40) 2007 (40.51)

LE8 score, mean (SE) 65.83 (0.28) 66.99 (0.28) 58.78 (0.41) <0.0001

HEI-2015 diet score 50.80 (0.23) 50.71 (0.24) 51.32 (0.33) 0.0400

Physical activity score 49.92 (0.81) 52.05 (0.82) 36.94 (1.21) <0.0001

Nicotine exposure score 71.64 (0.51) 71.31 (0.52) 73.61 (0.83) 0.0020

Sleep health score 83.33 (0.30) 83.62 (0.32) 81.56 (0.49) <0.0010

Body mass index score 59.99 (0.43) 61.00 (0.43) 53.79 (0.76) <0.0001

Blood glucose score 77.63 (0.30) 80.08 (0.29) 62.67 (0.70) <0.0001

Blood pressure score 68.39 (0.36) 71.59 (0.38) 48.95 (0.75) <0.0001

Blood lipids score 64.99 (0.35) 65.58 (0.37) 61.39 (0.65) <0.0001

CVH†, n (%)

Low (0–49) 4680 (18.75) 3198 (13.01) 1482 (28.75) <0.0001

Moderate (50–79) 16 591 (66.47) 13 884 (66.56) 2707 (62.38)

High (80–100) 3689 (14.78) 3441 (20.43) 248 (8.88)

CKD indicates chronic kidney disease; CVH, cardiovascular health; HEI, Healthy Eating Index; and LE8, Life’s Essential 8.
*Data are presented as weighted mean (SE) or unweighted frequencies (weighted percentages).
†Low CVH was defined as an LE8 score of 0 to 49, moderate CVH of 50 to 79, and high CVH of 80 to 100.
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moderate CVH and low CVH (Figure 1). The fully ad-
justed multivariate logistic regression model revealed 
that the risk of CKD was significantly lower in the mod-
erate CVH group and high CVH group compared with 
the low CVH group. The odds ratio (OR) for CKD was 

0.79 (95% CI, 0.76–0.83) for each 10-point increase 
in LE8 score (Table 2). The outcome of the multivar-
iate-adjusted restricted cubic spline regression anal-
ysis disclosed a nonlinear association between LE8 
and CKD (nonlinear P<0.01; Figure 2A). The minimum 

Figure 1. Age-adjusted prevalence of CKD in different levels of LE8 scores.
Numbers at the top of the bars represent the weighted percentage. Bar whiskers represent the SE. CKD 
indicates chronic kidney disease; and LE8, Life’s Essential 8.

Table 2. Association of the Life’s Essential 8 Scores With Chronic Kidney Disease

Univariable model Multivariable model 1 Multivariable model 2

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

LE8 score

Low (0–49) 1.00 (Reference) … 1.00 (Reference) … 1.00 (Reference) …

Moderate (50–79) 0.42 (0.39–0.47) <0.0001 0.49 (0.44–0.55) <0.0001 0.52 (0.47–0.58) <0.0001

High (80–100) 0.20 (0.17–0.23) <0.0001 0.40 (0.33–0.48) <0.0001 0.45 (0.37–0.55) <0.0001

Per 10-point increase 0.68 (0.66–0.71) <0.0001 0.77 (0.74–0.80) <0.0001 0.79 (0.76–0.83) <0.0001

Health behaviors score

Low (0–49) 1.00 (Reference) … 1.00 (Reference) … 1.00 (Reference) …

Moderate (50–79) 0.89 (0.81–0.98) 0.0214 0.81 (0.72–0.91) <0.0010 0.88 (0.79–0.98) 0.0260

High (80–100) 0.59 (0.52–0.67) <0.0001 0.64 (0.54–0.75) <0.0001 0.74 (0.63–0.87) <0.0010

Per 10-point increase 0.91 (0.89–0.93) <0.0001 0.92 (0.89–0.94) <0.0001 0.94 (0.92–0.97) <0.0010

Health factors score

Low (0–49) 1.00 (Reference) … 1.00 (Reference) … 1.00 (Reference) …

Moderate (50–79) 0.40 (0.37–0.45) <0.0001 0.48 (0.43–0.54) <0.0001 0.49 (0.44–0.55) <0.0001

High (80–100) 0.18 (0.16–0.21) <0.0001 0.43 (0.37–0.50) <0.0001 0.44 (0.37–0.52) <0.0001

Per 10-point increase 0.72 (0.70–0.73) <0.0001 0.82 (0.79–0.84) <0.0001 0.82 (0.80–0.85) <0.0001

Multivariable model 1 was adjusted for age (as a continuous variable), sex, race and ethnicity, and obesity status.
Multivariable model 2 was additionally adjusted for poverty ratio (as a continuous variable), education levels, and marital status.
LE8 indicates Life’s Essential 8; and OR, odds ratio.
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threshold for favorable association was estimated to 
be 63.4 scores (OR, 1).

Health Behaviors and CKD
Participants with high health behavior had a lower age-
adjusted prevalence of CKD versus those with mod-
erate and low health behavior (Figure  1). In the fully 
adjusted multivariate logistic regression model, the risk 
of CKD was significantly lower in the moderate and 
high health behavior groups compared with the low 
health behavior. The OR for CKD was 0.94 (95% CI, 
0.92–0.97) for each 10-point increase in health behav-
ior score (Table 2). Multivariate adjusted restricted cubic 
spline results revealed a nonlinear association between 
health behavior scores and CKD (nonlinear P=0.02; 
Figure 2B). The minimum threshold for favorable asso-
ciation was estimated to be 61.4 scores (OR, 1).

Health Factors and CKD
Participants with high health factors had a lower age-
adjusted prevalence of CKD relative to those with 
moderate and low health factors (Figure  1). The fully 
adjusted multivariate logistic regression model re-
vealed the risk of CKD was significantly lower in the 
moderate and high health factor groups compared 
with the low health factor. Additionally, the OR for CKD 
was 0.82 (95% CI, 0.80–0.85) for each 10-point in-
crease in health factor score (Table  2). The multivar-
iate-adjusted restricted cubic spline results indicated 
a nonlinear association between health factor scores 
and CKD (nonlinear P<0.01; Figure 2C). The minimum 
threshold for favorable association was evaluated at 
66.3 scores (OR, 1). Trends in the nonlinear associa-
tion between LE8 score and health factor score with 
CKD were similar.

Components of LE8 and CKD
In Table 3, the fully adjusted multivariate logistic re-
gression model revealed significant negative as-
sociations between blood glucose score and blood 
pressure score of LE8 components with CKD. The 
risk of CKD was significantly lower in the moder-
ate (no diabetes and fasting blood glucose 100–125 
[or glycated hemoglobin 5.7–6.4]) and high (no his-
tory of diabetes and fasting blood glucose <100 [or 
glycated hemoglobin <5.7]) blood glucose score 
groups compared with the low (people with diabetes) 
blood glucose score groups. The OR for CKD was 
0.88 (95% CI, 0.87–0.90) for each 10-point increase 
in blood glucose score. Additionally, the risk of CKD 
was significantly lower in the moderate (120–139 or 
80–90 mm Hg) and high (<120/<80 mm Hg) blood 
pressure score groups compared with the low (≥140 
or ≥90 mm Hg) blood pressure score groups. The OR 
for CKD was 0.92 (95% CI, 0.0.91–0.94) for each 10-
point increase in blood pressure score.

Subgroup and Sensitivity Analysis
In all subgroups, LE8 scores were negatively asso-
ciated with CKD (Figure  3). Significant interactions 
were found between LE8 and age, sex, and marital 
status with CKD (interaction P<0.05). The reverse rel-
evance between LE8 score and CKD was more sig-
nificant in middle-aged participants, men, and coupled 
participants.

Overall, the outcome of the sensitivity analysis  
was robust (Table  4). After excluding participants 
with histories of CVD from sensitivity analyses, the 
fully adjusted multivariable logistic regression models 
demonstrated that the results were consistent with the 
primary findings.

Figure 2. The nonlinear associations between LE8 and its subscales with CKD.
Dose–response relationships between LE 8 score (A), health behaviors score (B), health factors score (C), and CKD. ORs (solid lines) 
and 95% CIs (shaded areas) were adjusted for age (as a continuous variable), sex, race and ethnicity, poverty ratio (as a continuous 
variable), education levels, and marital status. Vertical dotted lines indicate the minimal threshold for the beneficial association with 
estimated OR of 1. CKD indicates chronic kidney disease; LE8, Life’s Essential 8; and OR, odds ratio.
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DISCUSSION
This cross-sectional study, which included a nationally 
representative sample of US adults, found that higher 

LE8 scores were significantly associated with a lower 
risk of CKD. Similar patterns were also identified in the 
associations of health behavior and health factor scores 
with CKD. Meanwhile, higher blood glucose and blood 
pressure scores were significantly associated with a 
lower risk of CKD. Subgroup analyses further revealed 
stronger negative associations between LE8 scores and 
CKD in middle-aged, male, and coupled populations.

For now, this is the first study to evaluate the rela-
tionships of CVH defined by the LE8 metrics with CKD. 
The significant negative associations between LE8 
score, particularly blood glucose and blood pressure 
scores within its components, and the risk of CKD, 
were consistent with previous research. A US-based 
ARIC (Atherosclerosis Risk in Communities) cohort 
demonstrated that LS7 in AHA was negatively related 
to the risk of CKD.19 A prospective cohort study from 
the UK Biobank revealed a significant inverse correla-
tion between prediabetes, type 2 diabetes, and the 
risk of CKD.24 A review in 2023 indicated hypertension 
as a cardiovascular risk factor in CKD.25 Additionally, 
extensive studies demonstrated that CKD was tightly 
linked to metabolic syndrome and lifestyle,26–31 both 
of which were underlying health factors and indicators 
of healthy behaviors in LE8. During metabolic syn-
drome, increased secretion of proinflammatory factors 
by adipose tissue can contribute to the inflammatory 
response, leading to proteinuria and damaged kidney 
function.32 Infiltration of inflammatory cells contributes 
to increased reactive oxygen species in kidney tissue. 
Reactive oxygen species may disturb renal tubular ion 
transport by affecting renal hemodynamics, thereby 
causing damage to the proximal tubule.33 Numerous 
lipid droplets were found in the renal innate cells of 
patients with obesity. Lipid droplet deposition leads to 
renal cell energy depletion and ultimately endogenous 
renal cell apoptosis, leading to CKD.34 This may explain 
the significant association between LE8 and CKD.

Our study also revealed significant nonlinear associa-
tions between the LE8 and its subscales with CKD, which 
have not been reported in previous studies. Previous re-
search employed LS7 to assess CKD, and the definition 
of CVH for each LS7 component was divided into ideal, 
moderate, and poor CVH. This measurement could not 
be applied to evaluate dose–response effects. In con-
trast, we defined CVH with LE8, which adds significant 
evidence of a relationship between CVH and CKD. The 
ORs for LE8 scores and health factor scores associated 
with CKD declined acutely in the lower scope of the 
corresponding scores, leveled off, and then remained 
constant at the higher values. However, the associa-
tion between health behavior scores and CKD was re-
versed, with ORs remaining constant in the lower scope 
of health behavior scores and declining rapidly in the 
higher scope. Saturation effects were identified in the 
associations of LE8 and health factors with CKD, but 

Table 3. Associations Between Components of LE8 and 
Chronic Kidney Disease

Cases/
participants OR* (95% CI) P value

HEI-2015 diet score

Low (0–49) 2132/12 316 1.00 (Reference) …

Moderate (50–79) 2234/12 077 0.98 (0.89–1.07) 0.5871

High (80–100) 71/567 0.68 (0.47–0.98) 0.0394

Per 10-point increase 4437/24 960 0.97 (0.94–1.00) 0.0707

Physical activity score

Low (0–49) 3034/13 586 1.00 (Reference) …

Moderate (50–79) 154/1010 0.77 (0.58–1.03) 0.0812

High (80–100) 1249/10 364 0.91 (0.81–1.03) 0.1330

Per 10-point increase 4437/24 960 0.99 (0.98–1.00) 0.0733

Nicotine exposure score

Low (0–49) 834/5644 1.00 (Reference) …

Moderate (50–79) 1356/5462 1.07 (0.93–1.23) 0.3108

High (80–100) 2247/13 854 1.02 (0.87–1.19) 0.8118

Per 10-point increase 4437/24 960 1.00 (0.99–1.02) 0.7703

Sleep health score

Low (0–49) 991/4485 1.00 (Reference) …

Moderate (50–79) 829/5267 0.80 (0.69–0.93) 0.0044

High (80–100) 2617/15 208 0.89 (0.79–1.00) 0.0574

Per 10-point increase 4437/24 960 0.99 (0.97–1.01) 0.1925

Body mass index score

Low (0–49) 2025/9735 1.00 (Reference) …

Moderate (50–79) 1369/8153 0.81 (0.71–0.92) 0.0015

High (80–100) 1043/7072 0.99 (0.87–1.14) 0.9339

Per 10-point increase 4437/24 960 0.98 (0.97–1.00) 0.0725

Blood glucose score

Low (0–49) 1823/4719 1.00 (Reference) …

Moderate (50–79) 1406/8367 0.43 (0.37–0.49) <0.0001

High (80–100) 1208/11 874 0.42 (0.37–0.48) <0.0001

Per 10-point increase 4437/24 960 0.88 (0.87–0.90) <0.0001

Blood pressure score

Low (0–49) 2188/6650 1.00 (Reference) …

Moderate (50–79) 1064/7442 0.55 (0.48–0.63) <0.0001

High (80–100) 1185/10 868 0.65 (0.57–0.74) <0.0001

Per 10-point increase 4437/24 960 0.92 (0.91–0.94) <0.0001

Blood lipids score

Low (0–49) 1636/8332 1.00 (Reference) …

Moderate (50–79) 741/5730 0.90 (0.78–1.03) 0.1364

High (80–100) 2060/10 898 1.17 (1.04–1.32) 0.0120

Per 10-point increase 4437/24 960 1.02 (1.00–1.03) 0.0776

HEI indicates Healthy Eating Index; LE8, Life’s Essential 8; and OR, odds ratio.
*Adjusted for age (continuous), sex, race and ethnicity, education levels, 

poverty ratio (continuous), marital status, and the remaining 7 LE8 components.
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Figure 3. Subgroup analysis of the association of LE8 scores and the presence of CKD.
OR was calculated as per 10-point increase in LE8 score. Each stratification was adjusted for age (as a 
continuous variable), sex, race and ethnicity, poverty ratio (as a continuous variable), education levels, 
and marital status. CKD indicates chronic kidney disease; LE8, Life’s Essential 8; and OR, odds ratio.
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not in health behaviors, suggesting that stricter stan-
dards of health behavior may be preferable.

Furthermore, subgroup analysis demonstrated a 
strong negative association between LE8 and CKD 
in middle-aged, male, and coupled participants. A 
Korean cohort study demonstrated that strict ideal 
CVH in midlife was related to lower CKD risk in old age, 
highlighting the importance of maintaining a healthy 
lifestyle in midlife.17 Another population-based study 
revealed that the epidemiology of CKD varies by sex, 
affecting more women than men, particularly concern-
ing CKD stage G3 (estimated glomerular filtration rate 
[eGFR], 30-59 mL/min/1.73m2). This may be the effect 
of the increased incidence of CKD in women through 
inappropriate use of equations for eGFR,35 causing a 
stronger negative association between LE8 and CKD 
in male participants. Moreover, several studies have 
shown that marriage may mitigate disease progression 
by encouraging healthier lifestyles or providing social 
support or financial security,36–40 which may explain 
the strong negative association between LE8 and CKD 
in participants with a spouse. These findings demon-
strated that LE8 enhanced the quantitative approach 
to CVH and increased the sensitivity of the scores to 
differences between individuals and groups. Thus, 
differences in the underlying salutary value of CVH 
constituents need to be fully recognized, and popula-
tion-level methodologies are needed to improve CVH.

CKD poses the greatest burden to patients in terms 
of both economic cost and daily living.41 Management 
of patients with CKD focuses on early diagnosis or pre-
vention and attention to secondary processes leading 
to permanent nephron loss.42 Healthy lifestyles are the 
foundation for mitigating CKD risks.30 However, prior 
studies primarily focused on single factors for CKD, 
while comprehensive and integrated factors for patients 
with CKD were absent.43–47 LE8 is a comprehensive, 
easy-to-use evaluation tool that promotes compliance 
with healthy behaviors and desirable healthy determi-
nants in the clinical setting. Our outcomes broadened 
the scope of health effects relevant to the salutary ef-
fects of optimal CVH in CKD and CVD and demon-
strated that insistence on optimal CVH may reduce the 
burden of CKD and other chronic diseases.

Based on a nationally representative sample of 
American adults, these outcomes were generalizable 
to a larger population. Furthermore, CVH and CKD 
were studied concerning the dose–response relation-
ship, and the minimum threshold for the salutary as-
sociation was identified. However, the analysis must 
also take into account several underlying limitations. 
First, the assessment of health behavior indicators was 
based on questionnaires, which were prone to esti-
mating errors. Second, despite controlling for several 
potential confounders, the nature of the cross-sec-
tional study design prevented us from concluding the 
causality and temporality of CVH and CKD. The longi-
tudinal and causal relationship between LE8 and CKD 
risk needs further study. Third, more pronounced re-
sults were observed for the moderate blood pressure 
score group than the optimal blood pressure score 
group in exploring the associations between compo-
nents of LE8 and CKD. These may be due to potential 
confounders, and we intend to follow up with a large 
cohort study to obtain more precise evidence. Finally, 
only 1 measurement of serum creatinine and urine al-
buminuria was available, which may result in the mis-
classification of CKD status.

CONCLUSIONS
Scores on the LE8 and its subscales were negatively 
and nonlinearly related to the prevalence of CKD in 
this nationally representative sample of US adults. LE8 
component should prioritize higher scores for blood 
glucose and blood pressure evaluations. Meanwhile, 
the intensity of the association between LE8 scores 
and CKD varied across the study population. These 
findings hint that LE8, as practical and salutary com-
prehensive indicators for improving kidney health, may 
be applied in the clinic to help patients, as well as the 
general population, identify CKD risk early and mini-
mize the burden of CKD.

Table 4. Sensitivity Analysis of the Association of the LE8 
Scores With Chronic Kidney Disease

Excluding participants with CVD history

Cases/
participants OR (95% CI) P value

LE8 score

Low (0–49) 1482/4680 1.00 (Reference) …

Moderate (50–79) 2707/16 591 0.53 (0.48–0.60) <0.0001

High (80–100) 248/3689 0.47 (0.38–0.58) <0.0001

Per 10-point increase 4437/24 960 0.81 (0.77–0.85) <0.0001

Health behaviors score

Low (0–49) 1378/6477 1.00 (Reference) …

Moderate (50–79) 2401/12 852 0.96 (0.86–1.09) 0.5520

High (80–100) 658/5631 0.84 (0.70–1.01) 0.0572

Per 10-point increase 4437/24 960 0.97 (0.94–1.00) 0.0539

Health factors score

Low (0–49) 1801/5639 1.00 (Reference) …

Moderate (50–79) 2130/12 413 0.49 (0.44–0.55) <0.0001

High (80–100) 506/6908 0.43 (0.36–0.50) <0.0001

Per 10-point increase 4437/24 960 0.82 (0.79–0.84) <0.0001

ORs and 95% CIs were adjusted for age (as a continuous variable), sex, 
race and ethnicity, poverty ratio (as a continuous variable), education levels, 
and marital status.

CVD indicates cardiovascular disease; LE8, Life’s Essential 8; and OR, 
odds ratio.
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