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Results: An increase in the LE8 score was associated with a reduced risk of CKD, as indicated by

the odds ratio (OR: 0.74, 95% CI: 0.67—0.82) and hazard ratio (HR: 0.60, 95% CI: 0.46—0.77).

ﬁ?g:ﬁ:ﬁ;uial 3 The protective effect of higher LE8 scores was observed across various subgroups: individuals aged
LE 8 40-49 (OR: 0.81, 95% CI: 0.78—-0.84), 50-59 (OR: 0.75, 95% CI: 0.60—0.94), males (OR: 0.81,
Chronic kidney disease 95% CI: 0.76-0.87), females (OR: 0.91, 95% CI: 0.87-0.95), and populations from the UK (OR:
Ehroln.ic re;;‘al.insufﬁcienc}’ 0.60, 95% CI: 0.46—-0.77), China (OR: 0.64, 95% CI: 0.63—0.65), and the USA (OR: 0.77, 95%
Cir;anizsu ielency CI: 0.72—0.81). Similarly, both cohort studies (OR: 0.66, 95% CI: 0.54—0.81) and cross-sectional

studies (OR: 0.73, 95% CI: 0.66—0.81) confirmed this inverse association. Moreover, compared to
low LES scores, moderate (OR: 0.58, 95% CI: 0.52—0.65) and high (OR: 0.43, 95% CI: 0.35-0.53)
LE8 scores were significantly associated with reduced CKD risk.

Conclusion: An increase in the LE8 score was associated with a greater reduction in the risk of CKD
in older age groups compared to younger ones, and in men compared to women. Moreover, the
higher the LE8 score, the lower the risk of developing CKD.

Registration: This study has been compiled based on the PRISMA checklist, and its protocol
was registered on the PROSPERO (ID: CRD420251043587) and Research Registry (UIN:

reviewregistry2006) websites.

Implication for health policy/practice/research/medical education:

The findings from the meta-analysis, revealed that both moderate and high levels of LE8 scores were significantly associated with reduced
risk of chronic kidney disease (CKD) by 42% and 57%, respectively, compared to low LE8 scores. Subgroup analysis demonstrated that
higher LE8 scores were associated with lower CKD risk in various populations: 19% reduction among individuals aged 40-49, 25% in those
aged 50-59, 19% in men, and 9% in women.
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Introduction

Chronic kidney disease (CKD) affects approximately
10% of the global population (1) and ranks among
the top ten non-communicable diseases contributing
significantly to mortality and disability (2). It is projected
that by 2040, CKD will become the fifth leading cause of
death worldwide (3). CKD is a multifactorial condition
influenced by both environmental and genetic factors (4).

As CKD progresses, the risk of end-stage renal disease
(ESRD), cardiovascular disease (CVD), and all-cause
mortality increases (5-7). Given the close link between
CKD and CVD, promoting cardiovascular health (CVH)
has been proposed as a potential preventive strategy to
reduce the risk of CKD (8,9).

In 2010, the American Heart Association (AHA)
introduced the Life’s Simple 7 (LS7) metric to assess
CVH. LS7 included seven components: smoking status,
body mass index (BMI), diet, physical activity, blood
pressure, blood glucose, and total cholesterol. Higher LS7
scores were associated with greater longevity, improved
quality of life, and lower CVD risk (10-12). In 2022,
the AHA updated this framework and introduced Life’s
Essential 8 (LES8), which includes the original seven
components plus an additional metric: sleep health (13).
LE8 offers a more nuanced scoring system that captures
interpersonal and intrapersonal variations and places
greater emphasis on mental well-being to support or
enhance CVH (14,15). Previous research has shown that
higher LS7 scores are associated with a lower risk of CKD
(9,16,17). Additionally, other studies have highlighted
the link between sleep duration and quality with CKD
risk (18,19). Therefore, LE8 may provide a more accurate
and comprehensive assessment for predicting CKD
risk. In light of this, the present study aimed to evaluate
the association between LE8 and CKD risk through a
systematic review and meta-analysis.

Materials and Methods

Thisarticle was conducted based on the PRISMA statement
(20) and its protocol was registered in PROSPERO
(International Prospective Register of Systematic Reviews)
and research registry websites.

Search strategy

Cochrane, Embase, PubMed, ProQuest, Scopus, Web
of Science, and Google Scholar databases were searched
by the authors with no time and ethnic restrictions until
April 26, 2025. The keywords were electronic and hand-
searched using medical subject headings (MeSH) and
operators “AND” and “OR”. Search strategy in Scopus:
[Title-Abstract-Keyword (Chronic Kidney Disease OR
Chronic Renal Insufficiency OR “Renal Insufficiency,
Chronic”) AND Title-Abstract-Keyword (Life’s essential
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8 OR LEB)].

PECO (Population, Exposure, Comparison, Outcomes)

The research population consisted of rescarch evaluating
the association between LES8 score and the risk of CKD.
The exposure was an elevated high score of LES, as
compared to patients with low score of LE8. The main
outcome was the association between LE8 score and CKD.

Inclusion criteria
Observational articles evaluating the relationship between

LES8 score and the risk of CKD were included in this

meta-analysis.

Exclusion criteria

Duplicated and non-observational research, incomplete
research and studies lacking sufficient data, articles
published in conferences, and low-quality studies were all
excluded from this research.

Quality assessment

Two independent authors assessed study quality using the
NOS, which awards up to one star per item (except for
the comparison item), with total scores ranging from 0
(lowest quality) to 10 (highest quality) (21).

Data extraction

The authors separately extracted required data, including
the author, study type, mean age of participants, study
date, location, number of participants, the correlation
between LE8 score and CKD (at a 95% CI) in total,

males, and females.

Statistical analysis

Data were analyzed using the logarithm of the odds ratio
(OR) and hazard ratio (HR), by merging all the articles.
The extent of heterogeneity was measured by the I? index.
The random effects model was employed for the analysis
of panel data. Data were analyzed in STATA v14.0.
Results exhibiting P values less than 0.05 were considered
to possess statistical significance.

Results

Our search delivered 259 articles, of which 121 were
omitted as they were duplicates. After checking abstracts,
6 out of the remaining 138 articles were omitted as they
had not full text accessible. Of the remaining 132 articles,
48 were further omitted as they had no adequate data
required for analyses. Likewise, 73 out of the remaining
84 articles were excluded due to other exclusion criteria,
and 11 were finally included in this research (Figure 1).
This study included 11 observational studies6 cross-
sectional and 5 cohort studies with a combined sample
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Figure 1. The flow chart of study selection (PRISMA).

size of 19,912,892 participants (Table 1).

As detected in Figure 2, higher LE8 scores were correlated
with a decreased risk of CKD, with an OR of 0.74 (95%
CI: 0.67-0.82) and a HR of 0.60 (95% CI: 0.46-0.77).
Country-specific analyses revealed similar findings in the
UK (OR: 0.60, 95% CI: 0.46-0.77), China (OR: 0.64,
95% CI: 0.63-0.65), and the USA (OR: 0.77, 95% CI:
0.72-0.81) (Figure 3). Both cohort (OR: 0.66, 95%
CI: 0.54-0.81) and cross-sectional studies (OR: 0.73,
95% CI: 0.66-0.81) confirmed this inverse association
(Figure 4).

Subgroup analyses revealed that increased LE8 scores
were associated with a lower risk of CKD among
individuals aged 40-49 years (OR: 0.81, 95% CI: 0.78-
0.84), those aged 50-59 years (OR: 0.75, 95% CI: 0.60—
0.94), men (OR: 0.81, 95% CI: 0.76-0.87), and women
(OR: 0.91, 95% CI: 0.87-0.95) (Figures 5-7).

Additionally, compared to participants with low LE8
scores, those with moderate (OR: 0.58, 95% CI: 0.52—
0.65) and high scores (OR: 0.43, 95% CI: 0.35-0.53)
had a significantly lower risk of CKD (Figures 8 and 9).

In supplementary analyses, the funnel plot for
publication bias did not show significant asymmetry (P =
0.078) (Figure 10).

https:/ /nephropathol.com

Discussion

The findings from the meta-analysis, which included data
from 19,912,892 participants across 11 observational
studies, revealed that both moderate and high levels of
LE8 scores were significantly associated with reduced
risk of CKD by 42% and 57%, respectively, compared
to low LES8 scores. Increases in LE8 scores were linked
with a 26% reduction in CKD risk based on ORs and
a 40% reduction based on HRs. Subgroup analyses also
demonstrated that higher LE8 scores were associated with
lower CKD risk in various populations: 19% reduction
among individuals aged 40-49, 25% in those aged 50—
59, 19% in men, and 9% in women. Regionally, the
reductions were 40% in the UK, 36% in China, and 23%
in the USA. Similar risk reductions were seen in cohort
studies (34%) and cross-sectional studies (27%).

In a cross-sectional study by Chen et al, both moderate
(OR: 0.62; 95% CI: 0.46-0.85) and high LE8 scores
(OR: 0.32; 95% CI: 0.14-0.75) were significantly
associated with reduced CKD risk (22). Liu et al reported
that compared to low LES8 scores, moderate (OR: 0.54;
95% CI: 0.43-0.66) and high scores (OR: 0.18; 95%
CI: 0.08-0.42) substantially decreased the risk of diabetic
kidney disease (23). Similarly, Ren et al found that higher
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Table 1. A summarized data of the investigations

First author, Sample  Mean Total score Moderate score High score
Location Design )
year size age(y) OR/HR Low Up OR/HR Low Up ORMHR Low Up
Chen W, Cross-
- USA o 8907 >20 0.81 072 091 0.2 046 085 0.32 014 075
Liu G, 2025 560 Cross- 18952666 59.72  0.71 065 078 0.54 043 066 0.18 0.08  0.42
(23) sectional
Wei Y, 2025 gp  Cros oo, 5955 0.75 068 084 056 042 075 032 0.15 07
(24) sectional
SZ)P’ 2025k Cohort 286908  56.1 0.73 072 075 05 047 053 031 027  0.34
Wang W, X Cross-
B China  “°F = 176874 552 0.64 063 0.65 NR NR NR NR NR  NR
Ruan ¥X, UK Coh 251825  56.4 0.97 097 098 056 0.6 072 053 046  0.59
2024 (27) ohort R N N N . . . a N .
(T;;g R,2023 yk Cohort 147988 3773 023 0.18 031 0.6l 052 072 043 035 0.3
Zhang Y, Cross-
2023 (29) USA o 25529 520 0.71 0.67 075 0.48 043 055 036 03 042
g(‘)‘;“ H,2023 565 Cohort 22420 47.18  0.82 079 086 0.53 047 059  0.45 037  0.54
Gao J, 2023 ‘ 7605 5432  NR NR  NR  0.69 056 085 0.53 041  0.69
China Cohort
(31) 4688 56.11 NR NR NR  0.86 0.77 096 0.7 0.62 0.78
Ren¥, 2023 s S 24960 4743 0.9 076 0.83 0.2 047 058  0.45 037 055
(32) sectional

NR: Not reported; OR: Odds ratio; HR: Hazard ratio.

LE8 scores were inversely associated with CKD risk
(OR: 0.79; 95% CI: 0.76-0.83) (32). These findings are
consistent with our meta-analysis, particularly the analysis
of cross-sectional studies, which confirmed that higher
LES8 scores were associated with lower CKD risk.

In cohort studies, He et al observed that moderate (HR:
0.50; 95% CI: 0.47-0.53) and high (HR: 0.31; 95% CI:
0.27-0.34) LE8 scores significantly reduced CKD risk

compared to low scores (25). Ruan et al also showed a

%

Index and Author, year (Location) exp(b) (95% Cl) Weight

strong inverse relationship among LE8 scores and CKD
incidence (high vs. low: HR: 0.30; 95% CI: 0.27-0.33;
median vs. low: HR: 0.53; 95% CI: 0.48-0.58) (27).
These cohort-based results further validate the inverse
relationship between LE8 and CKD found in the present
study.

Additional evidence suggests that higher LES8 scores are
associated not only with lower CKD risk but also with
reduced risk of other renal-related conditions. For instance,

%

Location and Author, year exp(b) (95% Cl) Weight

UK
AR Tang R, 2023 _— | 0.23 (0.18, 0.30) 26.10
Tang R, 2023 (UK) —_— ; 0.23(0.18,0.30) 26.10 He P, 2025 DB 0.73(0.72, 0.75) 36.91
He P, 2025 (UK) 3 L 0.73(0.72,0.75) 36.91 Ruan YX, 2024 i ¢ 0.97(0.97,0.97) 36.99
Ruan YX, 2024 (UK) ! ¢ 0.97(0.97,0.97) 36.99 Subgroup, DL (f =99.8%, p = 0.000) <> 0.60 (0.46, 0.77) 100.00
Subgroup, DL (I° = 99.8%, p = 0.000) <> 0.60 (0.46, 0.77) 100.00
China

ORrR Wang W, 2024 . 0.64 (0.63, 0.65) 100.00

_ ‘ Subgroup, DL (f = 0.0%, p = .) ) 0.64 (0.63, 0.65) 100.00
Wang W, 2024 (China) . 0.64 (0.63,0.65) 15.38
Liu C, 2025 (USA) — 0.71(0.65,0.78) 13.75 USA
Zhang Y, 2023 (USA) "'i 0.71(0.67,0.75) 14.74 Liu C, 2025 —0-7 0.71(0.65, 0.78) 14.57
Wei Y, 2025 (USA) —— | 075(067,083) 1325 Zhang Y, 2023 - 0.71(0.67,0.75) 19.19
Ren Y, 2023 (USA) - 0.79(0.76,0.83) 15.00 Wei Y, 2025 — 0.75(0.67,0.83) 12.85
Chen W, 2025 (USA) —— | 081(072,091) 12384 gﬁ" Y\}\/2022(?25 * 8;‘1’ Eg;g ggi’; f?gg

' en W, —— . .72, 0. .
Chen H, 2023 (USA) '+ | 0.82(0.79,0.86) 15.03 Chen H. 2023 '« | 0.82(0.79.0.86) 2098
Subgroup, DL (= 96.9%, p = 0.000) <> | 074 (067,082) 10000 Subgroup, DL (f = 76.4%, p = 0.001) <& | 0.77(0.72,0.81) 100.00
Heterogeneity between groups: p = 0.127 Heterogeneity between groups: p = 0.000
T T

125 1 125 1

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model NOTE: Weights and bet bgroup test are from d ffects model

Figure 2. Forest plot demonstrating the relationship among LES score and
CKD by index.
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Figure 3. Forest plot demonstrating the relationship among LES score and
CKD by location.
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%

Design and Author, year (Location) exp(b) (95% CI) Weight

Cohort

Tang R, 2023 (UK) —_— 0.23(0.18,0.30) 18.41
He P, 2025 (UK) . 0.73(0.72,0.75) 27.25
Chen H, 2023 (USA) H— 0.82(0.79,0.86) 27.01
Ruan YX, 2024 (UK) o 0.97(0.97,0.97) 27.32
Subgroup, DL (I = 99.6%, p = 0.000) <> 0.66 (0.54, 0.81) 100.00
Cross-sectional

Wang W, 2024 (China) . : 0.64 (0.63,0.65) 18.50
Liu C, 2025 (USA) —= 0.71(0.65,0.78) 16.03
Zhang Y, 2023 (USA) 41- 0.71(0.67,0.75) 17.52
Wei Y, 2025 (USA) — 0.75(0.67,0.83) 15.31
Ren'Y, 2023 (USA) |- 0.79 (0.76,0.83) 17.92
Chen W, 2025 (USA) e | 081(072,091) 1472
Subgroup, DL (I’ = 95.2%, p = 0.000) <> 0.73 (0.66, 0.81) 100.00

Heterogeneity between groups: p = 0.371

T
125 1
NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 4. Forest plot demonstrating the relationship among LE8 score and

CKD by design.

%

Author, year (Location) exp(b) (95% Cl) Weight

Tang R, 2023 (UK) —_— 0.40 (0.29, 0.55) 3.98
Chen W, 2025 (USA) — 070(062,0.80)  13.20
Ren Y, 2023 (USA) = | 072(068,0.77)  20.42
Liu C, 2025 (USA) —.—.- 074 (065,0.84)  13.12
Wei Y, 2025 (USA) *| 097(0.96,099) 2450
Ruan YX, 2024 (UK) ¢| 097(097,097) 2478
Overall, DL (I = 96.8%, p = 0.000) 0 0.81(0.76,0.87)  100.00

T 1

25 1

NOTE: Weights are from random-effects model

Figure 5. Forest plot demonstrating the relationship among LES score and
CKD by mean age.

%
Author, year (Location) exp(b) (95% Cl) Weight
Tang R, 2023 (UK) —_—
Liu C, 2025 (USA)
Ren'Y, 2023 (USA)
Chen W, 2025 (USA)
Wei Y, 2025 (USA)
Ruan YX, 2024 (UK)
Overall, DL (F = 93.9%, p = 0.000)

0.45(0.34,0.60)  1.92
0.69(0.61,0.78) 822
0.84 (0.79,0.90) 18.04
0.90(0.76, 1.06)  5.05
0.98(0.97,0.99) 33.12
0.98 (0.97,0.99) 33.65
0.91(0.87,0.95) 100.00

T
.25
NOTE: Weights are from random-effects model

Figure 6. Forest plot showing the association between LE8 score and CKD
in males.

Wang et al reported that higher LE8 scores were linked to
a lower risk of hyperuricemia (OR: 0.71; 95% CI: 0.69—
0.73) in a cohort study (33), and similar findings were
reported in a cross-sectional study (OR: 0.73; 95% CI:
0.72-0.75) (34). Du et al found that LE8 was inversely
associated with kidney stone risk (OR: 0.81; 95% CI:
0.77-0.85) (35). These studies support the notion that
LE8 is a comprehensive marker for kidney health.

LE8 has also been linked to reduced risk of other

https:/ /nephropathol.com
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%

Author, year (Location) exp(b) (95% Cl) Weight

Tang R, 2023 (UK) —_— E 0.45(0.34,060) 1.92
Liu C, 2025 (USA) = E 0.69(0.61,0.78)  8.22
RenY, 2023 (USA) = 0.84 (0.79,0.90) 18.04

Chen W, 2025 (USA) 0.90(0.76,1.06)  5.05
Wei Y, 2025 (USA) 0.98 (0.97,0.99) 33.12
Ruan YX, 2024 (UK) 0.98 (0.97,0.99) 33.65

Overall, DL (F = 93.9%, p = 0.000) ¢ 0.91(0.87,0.95) 100.00

T
25 1 4
NOTE: Weights are from random-effects model
Figure 7. Forest plot showing the association between LE8 score and CKD
in females.

%
Author, year (Location) exp(b) (95% CI)  Weight

Zhang Y, 2023 (USA) —_— 0.48 (0.42, 0.54) 9.96

He P, 2025 (UK) — 050(0.47,0.53)  10.95
Ren Y, 2023 (USA) —_— 052(0.47,0.58)  10.29
Chen H, 2023 (USA) R ——— 0.53(0.47,0.59)  10.14
Liu C, 2025 (USA) R 054 (0.44,067)  8.03

Wei Y, 2025 (USA)
Ruan YX, 2024 (UK) —_—
Tang R, 2023 (UK)
Chen W, 2025 (USA)
Gao J, 2023 (China)
Gao J, 2023 (China) H

Overall, DL (F* = 88.3%, p = 0.000) <>

T
5 1
NOTE: Weights are from random-effects model

0.56 (0.42, 0.75) 6.47
0.56 (0.51,0.61)  10.52
0.61(0.52,0.72) 9.15
0.62 (0.46, 0.84) 6.15
0.69 (0.56, 0.85) 8.15
——+—— | 0.86(0.77,0.96)  10.20
0.58 (0.52,0.65) 100.00

Figure 8. Forest plot showing the association between LE8 moderate level
and CKD.

%

Author, year (Location) exp(b) (95% Cl)  Weight

Liu C, 2025 (USA) _— 0.18(0.08,0.41)  4.13
He P, 2025 (UK) - 031(0.28,0.35) 1142
Chen W, 2025 (USA) —.—.— 0.32(0.14, 0.74) 4.07
Wei Y, 2025 (USA) - 032(0.15,0.69)  4.53
Zhang Y, 2023 (USA) —-— 0.36(0.30,0.43)  10.99
Tang R, 2023 (UK) —— 043(0.35,0.53)  10.60
Chen H, 2023 (USA) —— 045(0.37,0.54)  10.79
Ren Y, 2023 (USA) —— 045(0.37,0.55)  10.69
Ruan YX, 2024 (UK) : - 0.53(0.47,0.60) 11.36
Gao J, 2023 (China) — 0.53(041,0.69)  10.00
Gao J, 2023 (China) : - | 070(062,079) 1143
Overall, DL (I = 91.5%, p = 0.000) <> 0.43(0.35,0.53) 100.00
0625 1

NOTE: Weights are from random-effects model

Figure 9. Forest plot showing the association between LE8 high level and
CKD.

chronic diseases. Liu et al found that higher LE8 scores
were associated with lower risk of rheumatoid arthritis
(OR: 0.91; 95% CI: 0.75-0.87) (36). Sebastian et al, in
a meta-analysis, reported a 53% lower risk of CVD in
individuals with higher LE8 scores (HR: 0.47; 95% CI:
0.39-0.56) (37). Xiao et al observed that higher LE8 scores
were associated with a reduced risk of gallstones (OR:
0.41; 95% CI: 0.26-0.64) (38), a finding corroborated
by Zhao et al (OR: 0.41; 95% CI: 0.23-0.72) (39).
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Begg's funnel plot with pseudo 95% confidence limits
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s.e. of: Association of life’s essential 8 with CKD

Figure 10. Diagram of publication bias.

Taken together, these findings suggest that improvements
g gs sugg

in CVH, as reflected in higher LE8 scores, may offer

protective benefits against a range of chronic diseases,

including CKD.

Conclusion

An increase in LE8 scores during the fifth decade of
life (ages 40—49) was accompanying by a 6% greater
diminution in CKD risk compared to the fourth decade.
Moreover, the protective effect of higher LE8 scores was
10% greater in men than in women. A high LES8 score
also reduced CKD risk by 15% more than a moderate
score. Among the countries studied, the risk reduction
associated with higher LE8 scores was greatest in the UK,
followed by China and then the USA. In summary, older
age, male gender, UK nationality, and a high LE8 score
were significant factors associated with a lower risk of

CKD in the studied population.

Limitations of the study

e The limited number of eligible studies included in
this meta-analysis may be due to the fact that the
LE8 metric was only introduced in 2022.

* The age subgroup analysis was restricted to seven
studies due to inconsistent age stratifications,
limiting  generalizability.

*  Only about half of the included studies reported
gender-specific associations between LE8 and CKD
risk, limiting the depth of gender-based analysis.
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