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ABSTRACT
Background and Objectives: The association between chronic kidney disease (CKD) 
and cardiovascular disease has been previously evaluated. This study aimed to evaluate 
the association between the American Heart Association’s Life’s Essential 8 (LE8) and the 
prevalence and all-cause mortality of CKD in a nationally representative population of adults 
in the US. Methods: This retrospective analysis included participants from the National 
Health and Nutrition Examination Survey spanning 2015–2018. We used multivariable survey 
logistic regression model to calculate the adjusted odds ratios (AORs) of the LE8 score for the 
prevalence of CKD. Survey-weighted Cox proportional hazards models were used to calculate 
the adjusted hazards ratios (AHRs) of the LE8 score for the risk of all-cause mortality among 
participants with CKD. Results: Of the 8907 included participants, 789 had stage 3 to 5 CKD, 
and 8118 were in the non-CKD group. The adjusted prevalence rate of CKD was 10.7% in the 
low LE8 score group, and lower in the moderate (7.9%) and high (7.7%) LE8 score groups. 
Compared with low LE8 scores, moderate LE8 score (adjusted odds ratio [AOR] 0.628, 95% 
confidence interval [CI]: 0.463 to 0.853, P = 0.004) and high LE8 scores (AOR 0.328, 95% 
CI: 0.142 to 0.759, P = 0.011) were associated with lower prevalence rates of CKD. A similar 
association was found for health factors scores. Additionally, an increase in the LE8 score was 
associated with a lower risk of all-cause mortality (adjusted hazard ratio [AHR] 0.702, 95% CI: 
0.594 to 0.829, P < 0.001). Conclusion: The results of this study suggest the association of 
higher LE8 and its subscale scores with a lower prevalence and all-cause mortality of CKD.
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INTRODUCTION

Chronic kidney disease (CKD) arises from 
many heterogeneous disease pathways 
and is defined as the persistence of  
structural or functional abnormalities in 
the kidneys for more than 3 months.[1] The 
prevalence of  CKD was estimated to be 
9.1% worldwide according to the Global 

Burden of  Kidney Disease (2017), which 
has increased by 29.3% from 1990 to 2017.[2] 
End stage renal disease (ESRD) represents 
the end stage of  CKD with a glomerular 
filtration rate (GFR) < 15 mL/min/1.73 
m2, which requires kidney replacement 
therapy (in the form of  dialysis or kidney 
transplantation). The number of  patients 
receiving renal replacement therapy has 
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consistently increased, aggravating the social and economic 
burdens.[3] In addition, patients with CKD tend to have 
a significantly increased risk of  cardiovascular disease 
(CVD), which is the leading cause of  death in this 
clinical population.[4] Therefore, accurate prediction 
of  cardiovascular risk is of  great significance for both 
disease prevention and progression. Mutiple non-invasive 
approaches would be applied to explore early detection of  
cardiovascular related disease.[5]

In 2010, the American Heart Association (AHA) 
developed Life’s Simple 7 (LS7) for cardiovascular health 
(CVH) measurement. The LS7 score includes seven health 
behaviors and factors (diet, physical activity, cigarette 
smoking, body mass index [BMI], total cholesterol, blood 
pressure and blood glucose) and a higher LS7 score is 
associated with lower CVD risk, longer lifespan and 
better quality of  life.[6-8] The 2022 AHA Life’s Essential 
8 (LE8) is a more comprehensive measurement and 
sensitive scoring system for interindividual differences 
by adding sleep as an eighth CVH metric and optimizing 
the scoring algorithm.[9,10] Recent studies have shown 
that LE8 proves higher prevalence of  CVH than LS7, 
and LE8 score is strongly and inversely associated with 
the risk of  CVD death and all-cause mortality among the 
general population.[11-13] Furthermore, a higher LE8 score 
is associated with a longer life expectancy and the absence 
of  major chronic diseases, including cardiovascular 
disease, diabetes, cancer, and dementia.[14]

Considering the close association between CKD and 
CVD risk, promoting CVH seems to be an appropriate 
prevention and management strategy for reducing the 
burden of  CKD. To date, several studies have suggested 
that an ideal CVH is associated with a decreased risk of  
CKD.[15,16] However, little is known about the association 
of  the novel CVH construct with CKD. In this study, using 
the National Health and Nutrition Examination Surveys 
(NHANES) data from 2015 to 2018, we aimed to evaluate 
the association of  LE8 and its metric scores with the 
prevalence and all-cause mortality of  CKD in a nationally 
representative population of  adults in the US.

MATERIALS AND METHODS 

Data source and study design
The NHANES is a series of  independent, nationally 
representative, cross-sectional surveys designed to collect 
nationally representative health and nutrition data from the 
US household population.[17] The samples used in our study 
were obtained from 2 cycles of  the NHANES spanning 
2015–2018. The NHANES is approved by the National 
Center for Health Statistics Research Ethics Review Board, 
and all participants provided informed consent. 

We initially included data from 11,288 adult participants 
(age ≥ 20 years) from the NHANES 2015–2018 (n = 
19,225). Among the adult participants, those with missing 
information of  CKD (n = 1224) and CVH (n = 1157) were 
excluded. Participants with missing information of  others 
characteristics (the missing rates are shown in Table S1 as 
supplementary materials) were not excluded; further, we 
used the “NOMCAR” option in estimation procedures to 
treat missing values as not missing completely at random 
as suggested by software tips of  the NHANES (https://
wwwn.cdc.gov/nchs/nhanes/tutorials/softwaretips.aspx). 

This study followed the Strengthening the Reporting 
of  Observational Studies in Epidemiology (STROBE) 
reporting guideline (Supplemental Checklist).[18]

Measurement of cardiovascular health
The assessment of  CVH was based on eight essential 
metrics, including four health behaviors (diet, physical 
activity, nicotine exposure, and sleep) and four health 
factors (BMI, blood lipids, blood glucose, and blood 
pressure). Each CVH metric was scored ranging from 0 
to 100 points, and detailed algorithms for calculating the 
scores for each metric of  the NHANES data have been 
published previously (Table S2).[9,10,19] Diet metric was 
evaluated by the Healthy Eating Index (HEI) 2015, and 
calculated by using the official SAS code provided by the 
National Cancer Institute.[20,21] The information of  physical 
activity, nicotine exposure, and sleep, diabetes history, and 
medication treatment history was obtained by self-reported 
questionnaires. The weight, height, blood pressure, blood 
lipids, plasma glucose, and hemoglobin A1c were collected 
from “Examination Data” and “Laboratory Data” sections 
of  the NHANES.

The overall LE8 score was calculated for each individual 
by summing the scores for each of  the eight metrics and 
dividing the total score by 8. The LE8 score ranged from 
0–100 points. The health behaviors score and health 
factors score were calculated by summing the scores for 
the corresponding metrics and dividing the total score by 
4. The CVH score was divided into three groups using the 
cut points suggested by the AHA: high CVH (80–100), 
moderate CVH (50–79), and low CVH (0–49).[9]

Assessment of renal function
The estimated glomerular filtration rate (eGFR) was 
calculated based on the CKD-EPI 2009 (Chronic Kidney 
Disease Epidemiology Collaboration) equation.[22,23] The 
primary objective of  our study was to investigate the 
association between CVH scores and stage 3–5 CKD, 
which was defined as an eGFR of  less than 60 ml per 
minute per 1.73 m2. Moreover, we evaluated the association 
between CVH scores and stage 1–5 CKD, which was 
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defined as a GFR of  less than 60 ml per minute per 1.73 
m2 or persistent albuminuria (urinary albumin-to-creatinine 
ratio > 30 mg/g).[24]

Follow-up data
The mortality status and time of  NHANES CKD 
participants was collected from public-use linked mortality 
files updated with mortality follow-up data through 26 
April 2022 (https://www.cdc.gov/nchs/data-linkage/
mortality-public.htm).

Demographic characteristics
Demographic characteristics of  the NHANES were 
collected, including age, gender, race (Mexican American, 
Other Hispanic, Non-Hispanic White, Non-Hispanic 
Black, Non-Hispanic Asian, Other Race), poverty ratio, 
education level (high school or less, some college or 
associate degree, college graduate or above), marital status 
(married, single or separated), and drink status (yes or no). 
Age was stratified into three strata (20–39 years, 40–59 
years, or ≥ 60 years); and the poverty ratio was stratified 
into three strata (< 1.3 low income, 1.3–3.5 middle income, 
and > 3.5 high income).   

Statistical analysis
The NHANES uses a complex multi-stage sampling 
method to select the study population. Therefore, it is 
necessary to assign corresponding weights, clustering and 
stratification to the data to correct for sampling errors 
during the analysis process. We applied the weighting 
and stratification methods suggested by the NHANES 
instructions. We calculated the weighted means and 
weighted percentages with corresponding 95% confidence 
intervals (CI) for the continuous and categorical variables. 
We applied the t-test and chi-square test to conduct 
univariate analyses to compare demographic characteristics 
between the non-CKD and CKD groups.

To investigate the association of  CVH scores with 
the prevalence of  CKD, univariable and multivariable 
survey logistic regression models, which considered 
weights, cluster, and strata, were used to obtain crude 
and adjusted odds ratios (AORs) and corresponding 95% 
CIs of  the comparison between the CKD and non-CKD 
groups. Logistic regression models were adjusted for all 
demographic characteristics (only using age and poverty 
ratio as a continuous variable), and the adjusted prevalence 
rate of  CKD was estimated with logistic regression model. 
We further performed logistic regression models with 
restricted cubic splines (RCS) with 3 knots (the 25th, 50th, 
and 75th percentiles) for CVH scores adjusting for all 
covariates above to evaluate the dose–response relationship. 
Moreover, we also conducted subgroup analyses based 
on the demographic characteristics, and the p values 

for the production terms between CVH scores and the 
stratified factors were used to estimate the significance of  
interactions.

Survey-weighted Cox proportional hazards models were 
used to analyze the association between CVH scores and 
the risk of  all-cause mortality among participants with 
CKD. The models were adjusted for all demographic 
characteristics, and adjusted hazards ratios (AHRs) and 
95% CIs were reported.

Figures (excluding the flowchart) were generated using 
the R software package (version 4.1.2). The remaining 
statistical analyses were performed using the SAS software 
(version 9.4; SAS Institute Inc., Cary, NC). All reported p 
values were two-sided, and a P value < 0.05 was regarded 
as statistically significant.

RESULTS

Participants and demographic characteristics
Based on the inclusion and exclusion criteria, 8907 
participants were included in the study out of  19,225 
participants in the 2015–2018 NHANES database (Figure 
1). Among the included participants, 789 had stage 3–5 
CKD (CKD group), and 8118 were in the non-CKD 
group. 

The demographic characteristics of  the two groups are 
shown in Table 1. Compared with the non-CKD group, 
participants in the CKD group were older (weighted 
mean: 70.2 vs. 46.7), and had lower educational levels. The 
weighted percentage of  females may have been higher in 
the CKD group. The current drink rate was lower in the 
CKD group, probably due to their physical conditions. For 
the CVH scores and eight metrics, we found the weighted 
means of  scores were significantly lower in the CKD group 
excluded the HEI-2015 diet score. The weighted means of  
LE8 score for the non-CKD group and the CKD group 
were 69.0 (68.2–69.9) vs. 61.0 (59.8–62.2), and of  the health 
factors score were 69.2 (68.3–70.0) vs. 56.5 (54.6–58.3). 
However, the health behaviors score was slightly lower 
in CKD group [68.9 (68.0–69.9) vs. 65.5(64.0–67.1)]. The 
distribution of  CVH scores in the total and subgroups of  
participants are shown in Figure 2B.

Association between cardiovascular health and 
prevalence of chronic kidney disease
The adjusted prevalence rates of  CKD were 10.7% (95% 
CI: 7.9%–13.5%) for low LE8 score, 7.9% (95% CI: 
6.7%–9.1%) for moderate LE8 score, and 7.7% (95% 
CI: 5.9%–9.5%) for high LE8 score (Figure. 2A). In 
the multivariable logistic model, compared with the low 
LE8 score, moderate LE8 score (AOR 0.628, 95% CI: 
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Table 1: Demographic characteristics of the non- chronic kidney disease and chronic kidney disease population in NHANES 2015–
2018

No. Overall (n = 8907) Non-CKD (n = 8118) CKD (n = 789) P

Year cycle 0.800

  2015–2016 4635 50.2 (46.8–53.5) 50.3 (46.8–53.7) 49.3 (41.8–56.9)

  2017–2018 4272 49.8 (46.5–53.2) 49.7 (46.3–53.2) 50.7 (43.1–58.2)

Age 48.4 (47.4–49.3) 46.7 (45.9–47.6) 70.2 (69.1–71.2) < 0.001

Age strata < 0.001

  20–39 2835 35.1 (32.9–37.3) 37.6 (35.4–39.9) 1.9 (0.8–2.9)

  40–59 2898 35.9 (33.8–38.0) 37.7 (35.5–39.9) 12.2 (7.7–16.8)

  ≥60 3174 29.0 (26.5–31.4) 24.7 (22.4–27.0) 85.9 (81.4–90.5)

Gender 0.001

  Male 4313 48.5 (47.2–49.7) 48.9 (47.7–50.2) 42.1 (37.8–46.5)

  Female 4594 51.5 (50.3–52.8) 51.1 (49.8–52.3) 57.9 (53.5–62.2)

Race < 0.001

  Mexican American 1404 8.7 (6.0–11.4) 9.0 (6.2–11.9) 3.8 (2.0–5.6)

  Other Hispanic 1021 6.5 (4.9–8.0) 6.7 (5.1–8.4) 2.8 (1.5–4.1)

  Non-Hispanic White 3157 65.2 (60.3–70.1) 64.2 (59.3–69.1) 78.7 (73.8–83.5)

  Non-Hispanic Black 1915 10.5 (7.8–13.2) 10.6 (7.9–13.2) 9.7 (6.3–13.2)

  Non-Hispanic Asian 1031 5.0 (3.6–6.3) 5.2 (3.8–6.6) 2.1 (0.9–3.2)

  Other Race 379 4.2 (3.4–4.9) 4.3 (3.5–5.1) 2.9 (1.3–4.4)

Poverty ratio 3.1 (3.0–3.2) 3.1 (3.0–3.2) 3.0 (2.7–3.2) 0.196

Poverty ratio strata 0.044

  < 1.3 2360 19.6 (17.7–21.5) 19.6 (17.8–21.5) 18.8 (15.3–22.3)

  1.3–3.5 3264 36.5 (34.0–39.1) 36.1 (33.5–38.7) 42.5 (36.7–48.2)

  > 3.5 2378 43.9 (40.2–47.5) 44.2 (40.6–47.9) 38.8 (31.4–46.1)

Education levels 0.001

  High school or less 3892 36.4 (33.2–39.5) 35.8 (32.7–39.0) 43.3 (38.6–48.1)

  Some college or associate degree 2816 32.0 (29.8–34.1) 31.9 (29.6–34.1) 33.1 (28.8–37.3)

  College graduate or above 2194 31.7 (27.4–35.9) 32.3 (27.9–36.7) 23.6 (17.3–29.9)

Marital status 0.387

  Married 4539 54.8 (52.1–57.5) 55.0 (52.3–57.7) 52.5 (46.1–58.9)

  Single or separated 4365 45.2 (42.5–47.9) 45.0 (42.3–47.7) 47.5 (41.1–53.9)

Drink status < 0.001

  Yes 6821 84.7 (83.3–86.2) 85.3 (84.0–86.7) 77.0 (72.1–81.9)

  No 1777 15.3 (13.8–16.7) 14.7 (13.3–16.0) 23.0 (18.1–27.9)

LE8 score (out of 100 possible points)

  LE8 score 68.5 (67.7–69.3) 69.0 (68.2–69.9) 61.0 (59.8–62.2) < 0.001

  Health behaviors score 68.7 (67.7–69.7) 68.9 (68.0–69.9) 65.5 (64.0–67.1) < 0.001

    HEI-2015 diet score 40.5 (39.5–41.5) 40.5 (39.5–41.6) 40.6 (39.2–42.1) 0.907

    Physical activity score 75.1 (73.5–76.7) 76.3 (74.6–77.9) 59.4 (55.5–63.4) < 0.001

    Nicotine exposure score 73.2 (71.6–74.8) 72.7 (70.9–74.4) 80.5 (77.3–83.7) < 0.001

    Sleep health score 86.0 (85.1–86.8) 86.3 (85.4–87.2) 81.6 (79.3–83.8) < 0.001

  Health factors score 68.3 (67.4–69.1) 69.2 (68.3–70.0) 56.5 (54.6–58.3) < 0.001

    Body mass index score 57.1 (55.2–58.9) 57.4 (55.6–59.2) 52.3 (48.7–56.0) 0.001

    Blood lipids score 66.9 (65.4–68.3) 67.2 (65.7–68.6) 62.7 (59.7–65.7) 0.006

    Blood glucose score 81.8 (80.7–82.9) 83.0 (81.9–84.1) 65.6 (63.7–67.6) < 0.001

    Blood pressure score 67.3 (66.2–68.5) 69.0 (67.8–70.2) 45.2 (41.2–49.2) < 0.001

Cardiovascular health < 0.001

  Low (0–49) 1090 9.2 (8.2–10.2) 8.57.5–9.5) 19.0 (15.9–22.2)

  Moderate (50–79) 6231 68.4 (66.8–70.1) 67.9 (66.1–69.8) 75.2 (70.9–79.5)

  High (80–100) 1586 22.3 (20.3–24.3) 23.6 (21.5–25.7) 5.8 (2.1–9.4)

Note: Weighted percentages (95% confidence intervals) were presented for categorical characteristics, and weighted means (95% confidence intervals) 
were presented for continuous characteristics. CKD group and non-CKD group was divided based on stage 3–5 CKD, which was defined as a GFR of less 
than 60 mL per minute per 1.73 m2. Missing rates: Poverty ratio and poverty ratio strata (10.16%, 10.05% vs. 11.28); Education levels (0.06%, 0.06% vs. 0%); 
Marital status (0.03%, 0.03% vs. 0%); Drink status (3.47%, 3.61% vs. 2.03%). CKD: chronic kidney disease; LE8: life’s essential 8; HEI: healthy eating index.
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0.463–0.853, P = 0.004) and high LE8 score (AOR 0.328, 
95% CI: 0.142–0.759, P = 0.011) were associated with 
lower prevalence rates of  CKD (Table 2). No nonlinear 
association was observed between the LE8 score and 
CKD (P = 0.308 for nonlinearity, Figure S1), and AOR 
for per 10 points of  LE8 score increase was 0.814 (95% 
CI: 0.727–0.913, P < 0 .001) in association with prevalence 
rates of  CKD. For health factors score, we found a trend 
similar to that of  the LE8 score, and the AOR for per 10 

points of  health factors score increase was 0.867 (95% CI: 
0.796–0.944, P = 0.002). However, there was no significant 
association between health behaviors score and prevalence 
of  CKD (AOR 0.930, 95% CI: 0.861–1.004, P = 0.061). 
We also evaluated the association between CVH and stage 
1–5 CKD, and found results similar to those of  the primary 
analyses. Higher LE8 score and health factors score were 
associated with lower prevalence rates of  stage 1–5 CKD 
(Table S3).

Among the eight CVH metrics, we found per 10 points 
increase of  sleep health score (AOR 0.946, 95% CI: 
0.908–0.984, P = 0.008), body mass index score (AOR 
0.930, 95% CI: 0.897–0.965, P < 0.001), and blood glucose 
score (AOR 0.913, 95% CI: 0.874–0.953, P < 0.001) was 
associated with lower prevalence rates of  CKD (Table S4). 
Although there was no significant association between the 
HEI-2015 diet score and CKD in univariable model, per 10 
points of  score increase was potentially associated with a 
lower prevalence of  CKD in the multivariable model (AOR 
0.879, 95% CI: 0.810–0.955, P = 0.003).

Association between cardiovascular health 
and all-cause mortality among chronic kidney 
disease participants
During a median follow-up of  35 months, 108 all-cause 
mortalities were recorded among the 789 participants with 
CKD. In multivariable Cox proportional hazards models, 
increase of  LE8 score (AHR 0.665, 95% CI: 0.504–0.876, 

Table 2: Association between the cardiovascular health score and prevalence of stage 3–5 chronic kidney disease

Univariable model Model I Model II

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

LE8 score

  Low (0–49) 1 (Reference) - 1 (Reference) - 1 (Reference) -

  Moderate (50–79) 0.493 (0.398–0.611) < 0.001 0.639 (0.487–0.838) 0.002 0.628 (0.463–0.853) 0.004

  High (80–100) 0.109 (0.056–0.211) < 0.001 0.309 (0.150–0.636) 0.002 0.328 (0.142–0.759) 0.011

  Per 10 points increase 0.663 (0.621–0.709) < 0.001 0.797 (0.726–0.876) < 0.001 0.814 (0.727–0.913) < 0.001

Health behaviors score

  Low (0–49) 1 (Reference) - 1 (Reference) - 1 (Reference) -

  Moderate (50–79) 0.782 (0.604–1.012) 0.061 0.814 (0.594–1.115) 0.192 0.875 (0.605–1.264) 0.464

  High (80–100) 0.580 (0.463–0.726) < 0.001 0.652 (0.483–0.880) 0.007 0.746 (0.523–1.065) 0.104

  Per 10 points increase 0.889 (0.847–0.933) < 0.001 0.908 (0.857–0.962) 0.002 0.930 (0.861–1.004) 0.061

Health factors score

  Low (0–49) 1 (Reference) - 1 (Reference) - 1 (Reference) -

  Moderate (50–79) 0.564 (0.448–0.710) < 0.001 0.705 (0.528–0.941) 0.019 0.740 (0.557–0.982) 0.038

  High (80–100) 0.115 (0.075–0.177) < 0.001 0.364 (0.215–0.615) < 0.001 0.401 (0.228–0.707) 0.003

  Per 10 points increase 0.720 (0.683–0.758) < 0.001 0.856 (0.790–0.928) < 0.001 0.867 (0.796–0.944) 0.002

Note: Stage 3–5 CKD was defined as a GFR of less than 60 mL per minute per 1.73 m2. Model I: Adjusted for age, gender, race. Model II: Adjusted for age, 
gender, race, poverty ratio, year cycle, education levels, marital status, drink status. CVH: cardiovascular health; CKD: chronic kidney disease; LE8: life’s 
essential 8; OR: odds ratio; CI: confidence interval.

Figure 1: The flow chart of the study population selection process.
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P = 0.005) and health behaviors score (AHR 0.702, 95% 
CI: 0.594–0.829, P < 0.001) was associated with a lower 
risk of  all-cause mortality. Due to the low health factors 
score of  the CKD participants, we did not find a significant 
association between health factors score and all-cause 
mortality (Table 3). Similar results were observed among 
stage 1–5 CKD participants (Table S5)

Subgroup analyses
Subgroup analyses were based on the seven strata factors. 
There were lower prevalence rates of  CKD (AOR < 1) 
with increased LE8 score and health factors score in most 
of  the subgroup analyses (Figure 3). We found significant 
interactions between the LE8 score and gender (P = 0.028, 
Table S6). A higher LE8 score was associated with a lower 
prevalence of  CKD among male participants, but not 
among female participants. A similar association was also 
found between health behaviors score and health factors 
score. Additionally, higher CVH scores were associated 
with lower CKD prevalence rates among older (age ≥ 60 
years old) and married participants.

DISCUSSION

In this large and nationally representative cross-sectional 

study, we found that a higher LE8 score was associated 
with a lower prevalence of  CKD and lower risk of  
all-cause mortality in patients with CKD. In addition, 
subgroup analysis indicated that reverse relationship 
between LE8 score (including health behaviors score 
and health factors score) and the prevalence of  CKD 
was significantly among male, older (age ≥ 60 years) and 
married participants. These results suggested that we need 
studies to show if  attaining higher CVH scores could 
reduce the burden of  CKD.

To our knowledge, this is the first study to examine the 
association between the AHA’s new LE8 metrics and a 
scoring algorithm for CKD. The association between ideal 
CVH determined using the LS7 metrics and the CKD 
prevalence has been evaluated in previous studies. In a 
prospective cohort study from the Kailuan community in 
China, the frequency of  CKD decreased with an increase 
in cumulative exposure to the ideal CVH.[15] Two cohort 
studies among the Framingham Heart Study and the 
Korean Genome and Epidemiology Study also revealed 
that a better CVH score was associated with a lower risk 
of  developing CKD.[16,25] However, the CVH definition of  
LS7 was divided into three categories: poor, intermediate 
and ideal CVH respectively, and this definition is unable to 

Table 3: Survey-weighted association of cardiovascular health score with all-cause mortality among stage 3–5 chronic kidney 
disease participants

No. of 
Mortality/
Total

Univariable model Model I Model II

HR (95% CI) P HR (95% CI) P HR (95% CI) P

LE8 score

  Low (0–49) 39/195 1 (Reference) - 1 (Reference) - 1 (Reference) -

  Moderate (50–79) 66/566 0.421 (0.257–0.688) 0.001 0.383 (0.236–0.621) < 0.001 0.431 (0.226–0.821) 0.012

  High (80–100) 3/28 0.198 (0.040–0.981) 0.047 0.247 (0.048–1.273) 0.092 0.470 (0.079–2.808) 0.395

  Per 10 points increase 0.670 (0.564–0.795) < 0.001 0.619 (0.503–0.761) < 0.001 0.665 (0.504–0.876) 0.005

Health behaviors score

  Low (0–49) 42/198 1 (Reference) - 1 (Reference) - 1 (Reference) -

  Moderate (50–79) 53/423 0.333 (0.198–0.560) < 0.001 0.339 (0.192–0.600) < 0.001 0.344 (0.190–0.624) < 0.001

  High (80–100) 13/168 0.240 (0.109–0.527) < 0.001 0.248 (0.113–0.544) 0.001 0.336 (0.143–0.788) 0.014

  Per 10 points increase 0.696 (0.606–0.799) < 0.001 0.680 (0.577–0.800) < 0.001 0.702 (0.594–0.829) < 0.001

Health factors score

  Low (0–49) 43/308 1 (Reference) - 1 (Reference) - 1 (Reference) -

  Moderate (50–79) 54/426 0.801 (0.515–1.245) 0.312 0.777 (0.477–1.266) 0.300 1.076 (0.561–2.063) 0.819

  High (80–100) 11/55 1.030 (0.350–3.027) 0.956 1.050 (0.365–3.020) 0.925 1.216 (0.319–4.634) 0.767

  Per 10 points increase 0.939 (0.813–1.084) 0.378 0.921 (0.764–1.110) 0.374 0.980 (0.788–1.220) 0.852

Note: Stage 3–5 CKD was defined as a GFR of less than 60 mL per minute per 1.73 m2. Model I: Adjusted for age, gender, race. Model II: Adjusted for age, 
gender, race, poverty ratio, year cycle, education levels, marital status, drink status. CVH: cardiovascular health; CKD: chronic kidney disease; LE8: life’s 
essential 8; HR: hazard ratio; CI confidence interval.
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Figure 2: The prevalence rate of CKD and distribution of CVH score. (A) the bar plots of adjusted prevalence rate of CKD in different CVH score groups. (B) the 
violin plots of CVH scores distribution for all study population and subgroup population in CKD and non-CKD groups.
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be utilized to assess dose-response effects.[9] Our findings 
are consistent with the current knowledge that the ideal 
CVH is inversely related to the prevalence of  CKD, using 
LE8 as the novel definition of  CVH. This study also 
investigated the relationship between health behaviors 
score or health factors score and the prevalence of  CKD. 
Interestingly, the results showed that health factors score 
but not health behaviors score had a significant association 
with the prevalence CKD. Health factors include BMI, 
blood lipids, blood glucose and blood pressure, and 
abnormalities in these factors refer to a pathological 
state known as metabolic syndrome (MetS).[26] A large 
number of  studies have confirmed that MetS can bring 
changes in renal structure and function, and increase 
the risk of  CKD.[27-30] Additionally, a high MetS score is 
associated with an increased risk of  progressive decline 
in renal function.[31] Therefore, a more rigorous standard 
of  health factors might be preferable for CKD prevention 
in the general population, and health factors score might 
help individuals maintain better metabolic homeostasis. In 
the current study, the association between the individual 
metrics and the CKD prevalence was further assessed. 
We found that the increase of  sleep health score, BMI 
score and blood glucose score were related to lower 
prevalence rates of  CKD. The multi-dimensionality of  
sleep and its strong association with other determinants 

of  CVH has led to its inclusion in the LE8 score.[9] 
Recent evidence suggested that short or long sleep 
duration was associated with higher prevalence of  CKD 
compared with intermediate duration, and short sleep 
duration was particularly associated with the risk of  
incident ESRD outcome.[32] Thus, health care providers 
may encourage people to avoid short-duration sleeping 
behavior to reduce the risk of  CKD. In addition, the 
association between the LE8 score and the prevalence of  
CKD was found to be stronger among male, older and 
married participants. These results suggested that LE8 
improved the methods for the quantification of  CVH 
by increasing the sensitivity of  scoring to interindividual 
differences.  These findings highlight the importance of  
CKD prevention in this population.

Higher LS7 or LE8 scores were inversely associated 
with the risk of  all-cause mortality.[19,25] However, the 
association between LE8 and all-cause mortality among 
CKD subtypes was first explored in this study. Our 
findings showed that an increase of  LE8 score and health 
behaviors score rather than the health factors score 
was related to a lower risk of  all-cause mortality among 
stage 1–5 CKD patients. Health behaviors also includes 
four aspects: diet, physical activity, nicotine exposure 
and sleep. In addition to the increasing the prevalence 

Figure 3: The association of CVH score with prevalence rate of CKD in subgroup analyses.
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of  CKD, short or long sleep duration has also been 
independently associated with high mortality and low 
quality of  life in adults with CKD.[33-35] A meta-analysis 
of  cohort studies showed that healthy dietary patterns 
comprising many fruits and vegetables, fish, legumes, 
whole grains, and fibers, as well as reducing red meat, 
sodium, and refined sugar intake, were associated with 
lower mortality in patients with CKD.[36,37] Higher levels 
of  physical activity were documented to reduce the risk 
of  CVD events and mortality in CKD patients.[38,39] In 
view of  the hazards of  smoking, previous studies found 
that smoking significantly increased the risks for vascular 
and nonvascular morbidity and mortality in patients 
with CKD.[40,41] Therefore, compared with strictly 
controlling health factors, modifying health behaviors 
(healthy diet, high levels of  physical activity, avoiding 
smoking, adequate sleep) may be a more favorable 
strategy to improve quality of  life and outcomes in 
CKD populations.

The strengths of  this study include the use of  a large, 
nationally representative sample of  adults in the United 
States and a comprehensive assessment of  CVH metrics. 
However, this study has several limitations. Firstly, the health 
behavior metrics assessments were based on self-reported 
questionnaires which are subject to measurement errors. 
Secondly, individuals with missing information of  CKD 
and CVH were excluded from the analysis; therefore, the 
results may not be representative of  the entire population. 
Finally, the nature of  the cross-sectional study design 
prevented us from inferring the causality and temporality 
between CVH and CKD. Till now, based on the China-PAR 
cohort and Kailuan cohort. The association between LE8 
scores and cardiovascular outcomes, including years lived 
without cardiovascular disease (CVD), 10-year and lifetime 
risks of  atherosclerotic CVD and premature CVD and 
all-cause mortality in aged 18–40 years old Chinese people 
was measured[12,42,43]. With its excellent predictive capacity in 
cross-cultural populations, verifying the possible predictive 
efficacy of  LE8 for CKD would be an attractive approach 
in Eastern Asia.    

In the present study, based on US adult data, higher Life’s 
Essential 8 and its subscales scores were associated with 
lower prevalence and all-cause mortality of  CKD. LE8 is a 
potent approach to explore for promoting cardiovascular 
and renal health. Studies on cross-cultural populations that 
address the association between LE8 and kidney disease 
are needed in future.
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