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Abstract

Background The coexistence of cardiovascular disease and chronic kidney disease, termed chronic cardiovas-
cular-kidney disorder (CCV-KD), is increasingly prevalent. However, limited studies have assessed the association
between cardiovascular health (CVH), assessed by the American Heart Association’s Life's Essential 8 (LE8), and CCV-KD.

Methods We conducted a prospective cohort study using data from UK Biobank. Participants without cardiovas-
cular disease and chronic kidney disease at baseline and having complete data on metrics of LE8 were included
(N=125,986). LE8 included eight metrics, and the aggregate score was categorized as low (<50 points), intermediate
(50 to <80 points), and high (=80 points), with a higher score indicating better CVH health. Adjusted Cox proportional
hazard models were conducted to explore the association of CVH with the risk of CCV-KD. The adjusted proportion

of population attributable risk (PAR%) was used to calculate the population-level risk caused by low or intermediate
CVH.

Results During a median follow-up of 12.5 years, 1,054 participants (0.8%) had incident CCV-KD. Participants

with intermediate and high CVH had 54% (HR=0.46, 95% Cl: 0.40-0.54, P<0.001) and 75% (HR=0.25,95% Cl: 0.18-
0.34, P<0.001) lower risks of incident CCV-KD compared with those in low CVH group. There was an approximately
dose-response linear relationship between the overall LE8 score and incident CCV-KD. The risk of incident CCV-KD

decreased by 30% (HR=0.70, 95% Cl: 0.67-0.74, P<0.001) for a 10-point increment of LE8 score. The adjusted PAR%
of lower overall CVH was 47.4% (95% Cl: 31.6%-59.8%).

Conclusions Better CVH, assessed by using LE8 score, was strongly associated with decreased risk of incident CCV-
KD.These findings imply optimizing CVH may be a preventive strategy to reduce the burden of CCV-KD.
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factors
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Background

Cardiovascular disease (CVD) and chronic kidney dis-
ease (CKD) have become substantial public health prob-
lems globally [1, 2]. Taken individually, they are related to
worsened prognosis and greater healthcare expenditures
[3, 4]. It is widely recognized that CVD and CKD often
coexist, and they are important risk factors for each other
[5—7]. The coexistence of CVD and CKD, termed chronic
cardiovascular-kidney disorder (CCV-KD), contributes
additively to adverse outcomes [8, 9]. Therefore, the iden-
tification of preventive strategies is of great significance
to mitigate the burden of CCV-KD as well as its morbid-
ity and mortality.

In 2010, the concept of cardiovascular health (CVH)
and the algorithm of Life’s Simple 7 (LS7) score were
raised by the American Heart Association (AHA) [10].
LS7 consists of four behavioral and three biological
health-related metrics, and it has been used to measure
ideal CVH [10]. In 2022, the Life’s Essential 8 (LE8) was
recommended by the AHA, which incorporates sleep
health [11]. It employs a continuous scale with a range of
0 to 100 points for each metric, which makes it more sen-
sitive to change over time as well as interindividual vari-
ances [12]. The relationships between CVH, assessed by
LS7 or LE8, and various clinical events, including demen-
tia, cancer, and death, have been extensively explored [13,
14].

Previous studies have investigated the associations
of CVH with CVD or CKD [15-20]. Numerous studies
have observed the significant association of LE8 with
CVD [15, 16]. Inconsistent results have been observed
between studies examining the association of LS7 with
CKD [17, 18]. Recently, a cross-sectional study has
reported a nonlinear association between LE8 and CKD;
however, another cohort study has demonstrated a linear
dose—response association [19, 20]. The different results
between studies could be partially explained by different
study population and study design. Although it is well
acknowledged that cardiovascular and kidney disease
share common risk factors and underlying pathophysiol-
ogy [8]; to our knowledge, little is known about the rela-
tionship between CVH assessed by LE8 and CCV-KD.
Understanding the impact of CVH on CCV-KD could
help to generate feasible and effective prevention strate-
gies to alleviate the burden of CCV-KD.

Hence, the present study aimed to explore the asso-
ciations of overall CVH, assessed by LE8 score, and
individual metrics with CCV-KD using data from the
UK Biobank. The proportion of population attributable
risk (PAR%) for lower CVH was calculated. We further
explored the potential modification effect on the associa-
tion between LE8 and CCV-KD.
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Methods

Study design and population

The UK Biobank is a large-scale open-access database
enrolling more than 0.5 million residents aged 40-69
years across the UK. Baseline socio-demographic infor-
mation, physical measurements, biological samples, and
other health-related data were collected between 2006
and 2010 [21]. Detailed information on study design has
been reported previously [21]. The UK Biobank’s ethical
approval was obtained from the North West Multi-centre
Research Ethics Committee. All participants provided
written informed consent.

In the present study, residents without complete
information on LE8 metrics (n=364,406), with CVD
diagnosed at baseline (»=8,182), with CKD diagnosed
(n=1,079) or eGFR<60 mL/min/1.73 m® (n=1,691)
at baseline, or without complete data on covariates
(n=1,067) were excluded, and 125,986 residents were
included in our final analyses (Supplemental Fig. 1). The
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation was applied to calculate the eGFR
[22].

Cardiovascular health

CVH was assessed by LE8 score, including four behavior
metrics (diet, physical activity, nicotine exposure, sleep
health) and four biological metrics (body mass index,
blood lipids, blood glucose, and blood pressure) [11].
Detailed information on the scoring methods of each car-
diovascular metric is presented in Supplemental Table 1.
Each metric ranges from 0 to 100 points, and the average
score was calculated by adding the scores for all metrics
and dividing by eight. We categorized the LE8 score as
low (<50 points), intermediate (50 to<80 points), and
high (>80 points), with a higher score indicating better
CVH health [11]. Individual cardiovascular metrics were
also grouped as low, intermediate, and high.

Chronic cardiovascular-kidney disorder

The outcome of CCV-KD was defined as the coexistence
of CVD (including stroke, heart failure, coronary heart
disease, and atrial fibrillation) and CKD [8]. The diagno-
ses of these diseases were ascertained through linkage
from inpatient records, self-reported data, and death reg-
istry. The variable ID of these diseases in UK Biobank can
be found in Supplemental Table 2. The occurrence date of
CCV-KD was determined as the diagnosis date of CVD if
CKD has been diagnosed before or the diagnosis date of
CKD if CVD has been diagnosed before. Follow-up time
was calculated from the enrollment date to the date of
diagnosis of CCV-KD, or death, or the end of follow-up
(December 31, 2021), whichever occurred first.
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Covariates

Study covariates included age, sex (female, male), eth-
nicity (white, the combination of mixed, Asian, and
Black participants), Townsend Deprivation Index,
education level (degree or above, other qualification,
no qualification), annual household income (less than
£31,000, greater than or equal to £31,000, unknown),
number of morbidities (0, 1,>2), and drinking status
(current, former, never). The definition and assessment
method of covariates can be found in Supplemental
Table 2.

Statistical analysis

Participants’ characteristics were reported as mean
(standard deviation) or frequency (percentage). Compar-
isons of differences between CVH categories (low, inter-
mediate, and high) were made with ANOVA or x” test as
appropriate.

The cumulative incidence of CCV-KD was calculated
by the Kaplan-Meier method using the log-rank test.
We used Cox proportional hazard models to examine the
association of CVH category with CCV-KD. In model 1,
we adjusted for age and sex. In model 2, we additionally
adjusted for ethnicity, Townsend Deprivation Index, edu-
cation level, and annual household income. In model 3,
we further added the number of morbidities and drink-
ing status. Additionally, we performed Cox regression
analyses to determine the association of behavior sub-
scale, biological subscale, and 8 individual metrics with
incident CCV-KD. The adjusted PAR% of high (>80
points) versus intermediate or low CVH (<80 points)
was estimated for the proportion of CCV-KD that would
be avoided if all participants were in high CVH category
[23]. We also estimated PAR% for individual cardiovascu-
lar metrics. We then examined the association between
10-point increments of LE8 score and incident CCV-
KD. Additionally, restricted cubic splines were applied
to assess the associations of continuous LE8 score,
behavior and biological subscale scores, with CCV-KD
with 4 knots using the median score of 68 points as the
reference.

Subgroup analyses were conducted to explore the
association stratified by sex, age, ethnicity, depriva-
tion, education level, annual household income, number
of morbidities, and drinking status. Several sensitivity
analyses were also performed. First, we grouped partici-
pants according to the quartiles of LE8 score. Second, we
conducted Fine-Gray analyses in consideration of death
as the competing risk on the association between over-
all CVH and incident CCV-KD. Third, participants who
developed CCV-KD within two years after baseline were
excluded to avoid potential reverse causality. Fourth, we
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applied multiple imputations to handle missing values on
covariates.

A 2-tailed P<0.05 was deemed statistically significant.
All analyses were conducted by SAS 9.4 and R software,
version 4.2.2.

Results

Participants characteristics

A total of 125,986 participants (mean age 55.4+ 7.9 years,
54.1% female) were included in this study (Supplemental
Fig. 1). Participants’ characteristics according to CVH
group are presented in Table 1. Overall, 8.4%, 76.5%, and
15.1% had low, intermediate, and high CVH, respectively.
Adults having higher CVH were younger, having a higher
proportion of females, higher education levels, and fewer
morbidities (Table 1).

Cardiovascular health and incident chronic
cardiovascular-kidney disorder

Incident CCV-KD occurred in 1,054 participants (0.8%)
over a median follow-up of 12.5 years (IQR: 11.9-13.2
years). The cumulative incidence of incident CCV-KD
was lowest in the high CVH group (log-rank P<0.001)
compared with lower CVH groups (Supplemental
Fig. 2). Participants having intermediate and high CVH
had 54% (HR=0.46, 95% CIL: 0.40-0.54, P<0.001) and
75% (HR=0.25, 95% CI. 0.18-0.34, P<0.001) lower
risk of incident CCV-KD compared with those having
low CVH (Supplemental Table 3). Similar associations
were observed between subscales and incident CCV-
KD (Supplemental Table 4). A 10-point increase in LE8
score resulted in a 30% reduction in the risk of incident
CCV-KD (HR=0.70, 95% CI: 0.67-0.74, P<0.001) (Sup-
plemental Table 5). The multivariable adjusted restricted
cubic spline confirmed a linear association of LE8 score
with incident CCV-KD (P, iinear =0-481, Pjjpear < 0.001)
(Fig. 1). The risk of CCV-KD was higher among partici-
pants with lower biological subscale score or behavior
subscale score (Fig. 1).

A decreased risk of CCV-KD was also observed among
participants with higher individual metric scores, except
for the blood lipid score (Supplemental Table 3). The
adjusted PAR% related to low or intermediate overall
CVH was 47.4% (95% CL: 31.6%-59.8%). Regarding indi-
vidual CVH metrics, body mass index showed the high-
est PAR% (34.0%, 95% CI: 26.2%-41.2%) (Fig. 2).

Subgroup and sensitivity analyses

We did not find the modification effect of sex, age, eth-
nicity, and other covariates on the association of CVH
with CCV-KD (P>0.05 for interaction) (Fig. 3 and Sup-
plemental Table 6). After dividing participants into four
groups based on LE8 quartiles, the relationship between
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Fig. 1 Restricted cubic spline analyses for the association of LE8 and subscales with chronic cardiovascular-kidney disorder. We used
restricted cubic splines to depict the association of LE8 score (A), biological subscale score (B), and behavior subscale score (C) with chronic
cardiovascular-kidney disorder. Multivariate adjusted models were adjusted for age, sex, ethnicity, Deprivation Index, education level, annual
household income, number of morbidities, and drinking status. Solid lines indicate hazard ratios, and shaded areas indicate 95% confidence
intervals. Abbreviation: Cl, confidence interval; HR, hazard ratio; LES8, Life’s Essential 8

higher LE8 score quartiles and decreased CCV-KD risk
has been observed (Supplemental Table 5). Similar results
were observed when taking competing risk of death into
consideration (Supplemental Table 7). After excluding
incident CCV-KD cases within the initial two years of
follow-up (n=11), the association was not substantially
altered (Supplemental Table 8). Additionally, the results
remain consistent after multiple imputation analyses for
covariates with missing data (Supplemental Table 9).

Among 1,054 participants with CCV-KD during the
follow-up period, 565 participants were diagnosed with
CVD first, 297 participants were diagnosed with CKD
first, and 192 participants were diagnosed with CVD and
CKD at the same date. Regardless of the disease diag-
nosed first, the association between CVH and CCV-KD
was statistically significant (Supplemental Table 10).

Discussion

Among 125,986 participants without CVD and CKD
at baseline, we found an association between CVH,
assessed using LE8 score, and individual health metrics
with incident CCV-KD. Participants with intermediate
and high CVH had 54% and 75% lower risk, respectively,

of incident CCV-KD compared with those having low
CVH. We observed a dose-response linear association
between LE8 score and incident CCV-KD. The adjusted
PAR% revealed 47.4% of CCV-KD could be avoided if
all participants could achieve high LE8 score. Consist-
ent findings have been found in subgroups, including
age, sex, and ethnicity. These findings suggest optimizing
CVH could be a feasible preventive strategy for incident
CCV-KD, emphasizing the importance of applying a sim-
ple algorithm such as LE8 to evaluate CVH level and tak-
ing effective interventions to promote CVH.

To the best of our knowledge, the current study is the
first demonstration of the association of CVH assessed
by LE8 score with CCV-KD among the general popula-
tion. The concept of cardiorenal syndrome has been
widely adopted before [24]. Recently, a new term of CCV-
KD has been put forward based on the common risk fac-
tors and shared pathophysiological mechanisms of CVD
and CKD [8]. In 2022, the concept of LE8, including four
behavior metrics and four biological metrics, was pro-
posed by the AHA, and it provides a more holistic and
detailed evaluation of CVH at individual and popula-
tion levels than LS7 [11]. Several studies have reported
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Total Low CVH Intermediate CVH High CVH P-for-difference
N 125,986 10,577 96,337 19,072
Age (years), mean (SD) 554+79 56.1+74 559+79 529480 <0.001
Sex <0.001
Female 68,105 (54.1%) 4,079 (38.6%) 50,194 (52.1%) 13,832 (72.5%)
Male 57,881 (45.9%) 6,498 (61.4%) 46,143 (47.9%) 5,240 (27.5%)
Ethnicity <0.001
White 121,347 (96.3%) 10,132 (95.8%) 92,766 (96.3%) 18,449 (96.7%)
Others? 4,639 (3.7%) 445 (4.2%) 3,571 (3.7%) 623 (3.3%)
Deprivation Index, mean (SD) -16+28 -1.1+31 -1.7+28 -19+2.7 <0.001
Education level <0.001
Degree or above 63,015 (50.0%) 4,016 (38.0%) 47,568 (49.4%) 11,431 (59.9%)
Any other qualification 54,416 (43.2%) 5,347 (50.6%) 42,026 (43.6%) 7,043 (36.9%)
No qualification 8,555 (6.8%) 1,214 (11.5%) 6,743 (7.0%) 598 (3.1%)
Annual household income (£) <0.001
<31,000 10,046 (8.0%) 766 (7.2%) 7,723 (8.0%) 1,557 (8.2%)
>31,000 42,549 (33.8%) 4,231 (40.0%) 33,280 (34.5%) 5,038 (26.4%)
Unknown 73,391 (58.3%) 5,580 (52.8%) 55,334 (57.4%) 12,477 (65.4%)
Multimorbidity <0.001
0 36,715 (29.1%) 1,857 (17.6%) 27,407 (28.4%) 7451 (39.1%)
1 36,253 (28.8%) 2,567 (24.3%) 28,015 (29.1%) 5,671 (29.7%)
>2 53,018 (42.1%) 6,153 (58.2%) 40,915 (42.5%) 5,950 (31.2%)
Drinking status <0.001
Current 118,991 (94.4%) 9,894 (93.5%) 91,156 (94.6%) 17,941 (94.1%)
Former 3,434 (2.7%) 433 (4.1%) 2,572 (2.7%) 429 (2.2%)
Never 3,561 (2.8%) 250 (2.4%) 2,609 (2.7%) 702 (3.7%)
AHA Life's Essential 8 score, mean(SD)
Total CVH score 67.1+£12.1 435+£54 662+7.8 84.9+4.1 <0.001
Diet score 394+31.1 18.1£236 37.8+303 59.5+284 <0.001
Physical activity score 80.4+35.0 353+422 82.1+332 96.9+12.1 <0.001
Nicotine exposure score 633355 33.6£325 62.0%35.1 86.2+22.2 <0.001
Sleep health score 91.0+16.8 81.0+233 91.0+16.5 96.1+10.6 <0.001
Body mass index score 732+272 43.1£276 726+259 93.1+13.7 <0.001
Blood lipid score 49.0+294 31.9+£26.0 4624276 72.5+27.0 <0.001
Blood glucose score 934+168 804+255 93.7+162 98.7+76 <0.001
Blood pressure score 4714322 2454230 43.8+30.3 76.1+£269 <0.001

2The combination of mixed, Asian, and Black participants

Abbreviation CVH Cardiovascular health, AHA American Heart Association

ANOVA and ? test were used to test the differences among categories for continuous and categorical variables, respectively

that higher LE8 score was related to reduced risk of inci-
dent CVD [15, 16]. Based on the UK Biobank, a previous
study found participants with high CVH had 64% lower
risk of CVD compared with the low CVH group [15]. In
the Kailuan cohort study, LE8 was related to premature
CVD among Chinese adults [16]. Conflicting findings
have been observed in the association between LE8 and
CKD risk. Ren et al. reported a negative and nonlinear
association between LES8, as well as its subscales, and
the prevalence of CKD [19]; however, Tang et al. found

a linear association of overall LE8 score and subscales
with the risk of CKD [20]. The differences could be partly
explained by study population, study design, and sample
size. This large-scale cohort study extends existing lit-
erature as it suggested a significant linear association of
LE8 score with the risk of CCV-KD, and almost half of
the cases could be prevented if they can obtain high LE8
score. These findings indicated that maintaining better
CVH is of great importance to prevent subsequent CCV-
KD among the general population.
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Fig. 2 The proportion of population attributable risk of each individual metric of LE8. Models were adjusted for age, sex, ethnicity, Deprivation
Index, education level, annual household income, number of morbidities, and drinking status. Abbreviation:; LE8, Life’s Essential 8; PAR, population

attributable risk

With regard to the individual health metrics, we dem-
onstrated that body mass index was the leading individ-
ual factor for CCV-KD. Numerous studies have shown
that elevated adiposity indicators were independently
related to cardiovascular risk and eGFR decline [25, 26].
Consistent with previous findings, our results indicated
that lower body mass index was related to decreased risk
of CCV-KD [27]. Some large-scale research has suggested
the link between obesity and CVD or CKD is mediated
by diabetes, hypertension, or other comorbidities [28,
29]; however, other studies showed significant residual
risks of obesity [30]. Indeed, diabetes and hypertension
are the most common risk factors for CVD and CKD [31,
32]. There is a number of studies showing that improving
blood pressure and glycemic control may improve vascu-
lar and renal outcomes [31, 32]. Our study also identified
the significant protective effect of lower blood pressure
and blood glucose. The possible mechanisms by which
these biological metrics may impact the development of
CCV-KD could be intertwined, underlining the signifi-
cance of the holistic management of these risk factors.

Interestingly, there was a U-shaped association
between non-HDL cholesterol score in LE8 and CCV-
KD risk, with both low and high blood lipid scores hav-
ing high risk. The CRIC cohort study among the US

population reported blood lipid score in LS7 was not
associated with CKD risk [18], while other studies have
shown a U-shaped curve of risk where the risk of CKD
increased among participants with low and high non-
HDL cholesterol levels [33, 34]. Inconsistent results have
also been found in the association of blood lipids with the
risk of cardiovascular events. A prospective cohort study
found high blood lipid score in LE8 was associated with a
lower risk of CVD [35]; however, another study suggested
a U-shaped relationship between non-HDL cholesterol
levels and CVD death [36]. The underlying mechanism is
unclear and a possible explanation could be that elevated
HDL cholesterol may paradoxically accelerate impaired
endothelial progenitor cell tube formation and angiogen-
esis, leading to inflammation and oxidative stress, which
could lead to microvascular disease and renal dysfunc-
tion [37, 38]. Future research is warranted to further
examine the underpinning mechanism of the association.

Our study also found health behaviors were important
contributors to incident CCV-KD. Physical activity is a
critical aspect of lifestyle modification which has a ben-
eficial effect on CVD and CKD progression [39, 40]. Our
data validated the association of physical activity score
as an individual health metric in LE8 with CCV-KD and
underscored its value on lowering the risk of CCV-KD.
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Fig. 3 Subgroup analysis of the association between 10-point increase of LE8 score and chronic cardiovascular-kidney disorder Forest plots
displaying hazard ratios and 95% confidence intervals for chronic cardiovascular-kidney disorder with 10-point increase of LE8 score. Abbreviation:

Cl: confidence interval; HR: hazard ratio; LES, Life's Essential 8

In the new algorithm of CVH (LES8), secondhand smoke
exposure has been incorporated into the nicotine expo-
sure metric [11]. In line with other studies, our study
showed a detrimental impact of smoking on CCV-KD
among the general population, indicating smoking cessa-
tion also plays a significant part in the primary prevention
of CCV-KD [41, 42]. In addition, we found the beneficial
impact of a healthy diet in LE8 on the reduction of CCV-
KD risk; however, the CRIC cohort study did not observe
the significant association of a healthy diet pattern in LS7
with incident CKD [18]. The inconsistency between stud-
ies could be partly ascribed to different study populations
and different methods of assessing dietary quality.

In recent years, there has been an increasing number
of research focusing on sleep health, and sleep dura-
tion has been added as the eighth metric to define CVH
in LE8 [11]. Our study indicated that increased sleep
health score was associated with decreased risk of CCV-
KD, which was compatible with previous studies detect-
ing the association between healthy sleep pattern and

reduced CVD or CKD risk [43-45]. However, in our
study, the adjusted PAR% was smaller than other health
metrics (<5%). Similarly, Tang et al. and Sun et al. found
the adjusted PAR% related to sleep health with CKD
and all-cause death were small (3.2% and 5.4%) [20, 46].
Therefore, research on the public health importance of
sleep health to clinical outcomes, especially for death,
CVD, and CKD, warrants further investigation.

Strengths and limitations

The current study had several strengths. This is the first
study to explore the association of CVH, assessed by
LES score, and individual health metrics with incident
CCV-KD. We also firstly estimated the adjusted PAR%
of overall CVH and individual metrics with CCV-KD.
Additionally, the robustness of the results was dem-
onstrated by the consistent results between the main
analyses and several sensitivity analyses. Nevertheless,
these findings need to be interpreted in light of some
limitations. First, the nature of observational research
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makes it difficult to determine the causal relationship
between CVH and CCV-KD even if consistent results
were observed after excluding individuals develop-
ing CCV-KD within the initial two years of follow-up.
Second, lifestyle factors, such as physical activity and
dietary habits, were evaluated based on self-reported
information, which may introduce recall and misclas-
sification bias. Third, we did not explore the associa-
tion between changes of CVH over time and incident
CCV-KD given that most CVH information was only
gathered at baseline, but prior research indicated CVH
levels are mainly stable or decline over time [47]. The
association could be biased toward the null owing to
the possibility of misclassification over time. Fourth,
this study involved residents who were mostly of Euro-
pean descent, limiting the generalizability of our find-
ings to other ethnicities.

Conclusions

Higher CVH, assessed by LES8 score, is significantly asso-
ciated with lower risk of incident CCV-KD. Body mass
index, blood pressure, and diet were the most important
health metrics for incident CCV-KD. Our findings reveal
the potential clinical benefits of optimizing LE8 for CCV-
KD prevention. Further efforts should be made to iden-
tify effective strategies to promote CVH metrics.
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