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Abstract 

Objective  To explore the association between cardiovascular health (CVH) measured by Life’s Essential 8 (LE8) 
and the prevalence of urinary incontinence (UI).

Method  A cross-section study was conducted using data from the National Health and Nutrition Examination Survey 
2007–2012. 22,609 people aged ≥ 20 years with complete information on LE8 metrics and UI questionnaires were 
enrolled. Participants were divided into three groups (low: < 50, moderate: ≥ 50 and < 80, high: ≥ 80) based on the cut-
off of LE8. Weighted proportions, multivariable logistic regression analysis and stratified logistic regression were 
performed to examine the association between LE8 and the prevalence of three types of UI separately (stress UI (SUI), 
urge UI (UUI), mixed UI (MUI)) by confounding factors adjusted. Spline smooth was conducted to find whether a linear 
relationship existed. In addition, sensitive analyses were also conducted to observe the stability.

Result  A total of 22,609 adults were involved in the study, and participants were divided into three groups (low 
42.2 ± 6.3, moderate 66.1 ± 8.1, high 86.8 ± 5.1) according to the cut-off points of LE8. The multivariable logistic 
regression suggested that LE8 is inversely associated with the prevalence of SUI (OR = 0.98, 95%CI 0.98 to 0.99), 
UUI (OR = 0.98, 95%CI 0.98 to 0.99), and MUI (OR = 0.98, 95%CI 0.97 to 0.98) in the fully-adjusted model. Compared 
with the low group, people with high scores of LE8 had a lower prevalence of SUI (OR = 0.45, 95%CI 0.37 to 0.55), UUI 
(OR = 0.49, 95%CI 0.40 to 0.60), and MUI (OR = 0.41, 95%CI 0.30 to 0.55). The result of the sensitive analysis showed 
the robustness of the main analysis.

Conclusion  The prevalence of UI (SUI, UUI, or MUI) is inversely associated with the LE8 score, which suggests 
that maintaining a good CVH with a higher LE8 score is accompanied by lower prevalence rates of UUI, SUI, and MUI.
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Introduction
Urinary incontinence (UI) stands as one of the most 
prevalent afflictions within the realm of urological disor-
ders, and confounds a substantial number of individuals 
through its manifestation in lower urinary tract symp-
toms (LUTS). The three common types of UI are urge UI 
(UUI), stress UI (SUI), and mixed UI (MUI) which is a 
combination of the former two types. A large-scale cross-
sectional investigation in the USA proves the prevalence 
of UI is 49.6% in females. Among them, the preeminent 
type is SUI, constituting about 50%, followed by MUI 
(34.3%) and UUI (15.9%) [1]. In addition, UI impacts the 
quality of life and is considered an increasing psycho-
physiological burden on people and an economic burden 
on society [2]. UI is influenced by various factors, and the 
prevalence rates of the subtypes also differ depending on 
different factors. Although the mechanism of UI is com-
plicated, it is well-known that lifestyle habits (smoking, 
physical activity, fluid intake) and chronic diseases (cardi-
ovascular disease CVD, obesity, diabetes, hypertension) 
promote UI development [3–5]. Thus, it is indispensable 
to identify the risk factors and make timely interventions, 
which will benefit bladder functionality amelioration and 
UI prevention.

Recent research highlights the significant societal and 
economic impact of cardiovascular health and urinary 
incontinence (UI). Evidence suggests a bidirectional rela-
tionship between these conditions, with studies show-
ing that poor cardiovascular health increases the risk 
of developing UI, likely due to shared risk factors like 
aging, obesity, and diabetes [6]. Conversely, UI has been 
associated with a higher risk of developing cardiovas-
cular disease, potentially through mechanisms involv-
ing chronic inflammation, autonomic dysfunction, and 
endothelial dysfunction. Both cardiovascular health and 
UI share common risk factors and pathophysiological 
mechanisms, such as vascular endothelial dysfunction, 
autonomic nervous system dysregulation, and chronic 
inflammation [7–9]. These shared pathways indicate 
potential common underlying causes and imply that 
interventions targeting cardiovascular risk factors could 
also impact UI prevalence and severity. Therefore, under-
standing the connection between UI and cardiovascular 
health is crucial.

In 2010, the American Heart Association (AHA) set 
ideal goals for cardiovascular health (CVH), which is 
defined by Life’s Simple 7 (LS7). Research proves a close 
correlation between CVH, as quantified by LS7, and the 
prevalence as well as all-cause mortality of CVD [10]. 
Some studies also substantiate that the seven goals are 
related to lower risks of diabetes, cancer, and depres-
sion, all of which are the risk factors of CVD [11–13]. 
However, certain inherent limitations have constrained 

the capacity of LS7 for a comprehensive and systematic 
assessment of CVH. Therefore, Life’s Essential 8 (LE8) 
was introduced in 2022 to update and enhance the 
AHA’s construct of CVH in rectifying these limitations. 
Primarily, sleep health was incorporated into the scor-
ing system for the first time. Additionally, the classifica-
tion of the smoking status now encompasses the use of 
inhaled nicotine-delivery systems and exposure to sec-
ondhand smoke, broadening the scope beyond merely 
combustible tobacco usage. In addition, the definitions 
of other factors of LS7 were enriched and corrected, 
such as plasma glucose and blood lipids [14]. The LE8 
scoring framework is more sensitive to individual dif-
ferences and highlights the influence of societal factors 
on physical and mental health. It is also more com-
prehensive and dependable in evaluating cardiovascu-
lar health compared to LS7. A recent study found that 
approximately 19 million adults (47.3%) who were ini-
tially classified as having ideal Cardiovascular Health 
(CVH) based on the LS7 criteria were subsequently 
reclassified as having middle or low CVH according to 
LE8 [15].

To the best of our knowledge, there is no research 
focusing on the association between CVH accessed by 
the new LE8 metrics and the prevalence of UI. Therefore, 
our study aimed to explore whether a significant associa-
tion existed between LE8 and UI using a nationally repre-
sentative and ethnically diverse populace of adults in the 
US.

Method
Study population and design
The entirety of the dataset employed for this study was 
drawn from NHANES 2007–2018 (six cycles: 2007–2008, 
2009–2010, 2011–2012, 2013–2014, 2015–2016, 2017–
2018). NHANES is a national, representative, and cross-
sectional survey that has been updated every two years 
since 1999. The data in NHANES are based on exami-
nations, questionnaires, and laboratories. The objective 
of the NHANES is to measure the health and nutrition 
status of individuals in the United States. Furthermore, 
the database is accessible to researchers for free. There 
were 59,842 people involved initially. First, pregnant 
women (n = 372) and participants aged less than 20 years 
old (n = 25,072) were removed. Then, people with miss-
ing data about LE-8 (n = 10,782) or urinary incontinence 
(n = 1,007) were eliminated from the study. Finally, a total 
of 22,609 participants were enrolled (details in Fig. 1).

All NHANES study protocols were approved by the 
Ethics Review Committee of the National Center for 
Health Statistics (NCHS), and consent was obtained 
from all participants.
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Life’s essential 8 score
LE8 consists of 8 components, including 4 health behav-
iors and 4 health factors. The former involves physical 
activity, diet, nicotine exposure, and sleep. The latter 
includes blood pressure, non-high-density cholesterol 
lipoprotein (non-HDL), blood glucose, and body mass 
index (BMI). Information on physical activity (mins/
week), nicotine exposure (combustible tobacco use and 
secondhand smoke exposure), and sleep (hours/night) 
was deprived directly from questionnaires. Healthy Eat-
ing Index-2015 (HEI-2015) was utilized to assess the 
quality of diet with 24-h dietary recall [16]. All of the 
blood samples were obtained with at least 8 h of fasting 
to assess plasma glucose, blood lipids, and hemoglobin 
Alc levels. Non-HDL was calculated as total choles-
terol—HDL. Systolic and diastolic blood pressures were 
determined by averaging the first three blood pres-
sure measurements. BMI was calculated as weight(kg)/
height(m)2. All of the above operations were performed 
by well-trained staff using standardized methods. Each 
scale of the 8 metrics ranged from 0 to 100, and the over-
all LE8 score was equal to the average of the 8 metrics. 

The overall score was defined as a category variable 
(low: < 50, moderate: ≥ 50 and < 80, high: ≥ 80).

Urinary incontinence
People aged over 20  years old were required to answer 
the question about UI asked by well-trained interview-
ers. A positive answer to the question “During the past 
12 months, have you leaked or lost control of even a small 
amount of urine with an activity like coughing, lifting, 
or exercise?” was grouped as SUI. Those who answered 
“yes” to the question “During the past 12  months, have 
you leaked or lost control of even a small amount of urine 
with an urge or pressure to urinate and you couldn’t get 
to the toilet fast enough?” were considered as UUI. More-
over, people who had positive answers to both questions 
were considered to suffer from MUI. UI was defined 
when people had any one of the above conditions.

Covariates
The information about covariates was collected through 
questionnaires, examinations, and laboratories. Continu-
ous variables included age, and poverty income (PIR). 

Fig. 1  Flow diagram of obtaining the final inclusion in the population
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Categorical variables included gender, race, marital sta-
tus, education, alcohol, CVD, stroke, and cancer. Age was 
classified into 20–34, 35–49, 50–64, and over 65  years 
old. Marital status was stratified into married/living with 
a partner, divorced/separated/widowed, and never mar-
ried. Races were grouped as Mexican Americans, other 
Hispanics, non-Hispanic black, non-Hispanic white, and 
other races. The condition of education was grouped as 
less than 9th grade, 9th to 11th grade, high school gradu-
ate, some college, and college graduate or above. Alcohol 
was defined as never (< 12 drinks in a lifetime), former 
(≥ 12 drinks in 1 year and not drinking in last year, or not 
drinking in last year but drinking ≥ 12 drinks in a life-
time), and now. The other covariates (CVD, stroke, and 
cancer) were categorized as all no/yes.

Statistical analysis
Continuous variables are expressed as mean ± standard 
errors (SEs), and categorical variables are expressed as 
percentages. The participants were divided into three 
groups (low, moderate, and high) based on LE8. Linear 
regression was used to analyze the relationship between 
continuous variables, and Chi-square analysis was used 
to test the correlation between categorical variables.

Three multivariable logistic regression models were 
conducted to explore the association between LE8 and 
the three types of UI separately. Stratified analysis and 
tests for trends were applied for further exploration. The 
non-adjusted model was out of any variable adjusted. The 
minimally-adjusted model was adjusted for age, gender, 
and race. In the fully-adjusted model, the other covari-
ates were adjusted, including marital status, education, 
PIR, CVD, alcohol, cancer, and stroke. Additionally, a 
generalized additive model which was utilized in spline 
smoothing and the likelihood ratio test aimed to demon-
strate the linear or non-linear association between LE8 
and the prevalence of UUI, SUI, or MUI. Both interactive 
and subgroup analyses were performed to explore the 
potential modifiers of the relationship between LE8 and 
the prevalence of UI. To verify the stability, sensitivity 
analyses were performed. 1. To ensure the analysis stabil-
ity and eliminate the impact of extreme values, we con-
ducted a sensitivity analysis where extreme values (LE8 
scores > 99% and < 1%) were excluded from the dataset. 
2. To verify the linear relationship between LE8 and the 
prevalence of UI, multivariable logistic regression and 
spline smoothing were performed.

All analyses in this study were conducted using sample 
weights recommended by the Centers for Disease Con-
trol and Prevention (CDC) from the National Health and 
Nutrition Examination Survey (NHANES) (Supplemen-
tary Material 1). These weights were essential for ensur-
ing the sample’s representativeness of the US civilian 

population and for producing unbiased national esti-
mates. All the above statistical analyses were completed 
on R 3.6.3 (http://​www.R-​proje​ct.​org, the R Foundation) 
and EmpowerStats (http://​www.​empow​ersta​ts.​com, X&Y 
Solutions, Inc.). P less than 0.05 was considered statisti-
cally significant.

Results
Baseline characteristics
This study involved 22,609 adults. The participants were 
divided into three groups based on the two cut-off points 
of LE8: low LE8 (n = 2,994), moderate LE8 (n = 15,124), 
and high LE8 (n = 4,491). There were significant dif-
ferences in all of the baseline characteristics among 
the three groups (Table  1). Compared to the other two 
groups, the high LE8 group involved more females. In 
addition, the high LE8 group had the youngest subjects 
(42.0 ± 16.0), the highest PIR (3.5 ± 1.6), and the highest 
proportions of higher-level education (college or above, 
80.3%) and alcohol drinking (81.3%). In contrast, the high 
LE8 group accounted for the lowest in SUI, UUI, MUI, 
cancer, stroke, CVD, and single (divorced/separate/wid-
owed and never married) than the other two groups. 
People with UI (SUI, UUI, MUI) were more likely to 
have lower overall LE8 scores (64.0 ± 14.9, 64.0 ± 14.9, 
62.5 ± 14.9, respectively) (Table  S1). The LE8 metrics 
were almost significantly lower in people with UI, except 
for the diet score (higher score of HEI-2015 in people 
with UUI, 41.3 ± 31.3).

Multivariable logistic analysis
Three multivariable logistic regression models were 
used and showed a negative association between LE8 
and the prevalence of SUI, UUI, and MUI (Table  2). In 
the fully-adjusted model, people with lower LE8 scores 
had a higher prevalence of SUI (OR = 0.98, 95%CI 0.98 
to 0.99), UUI (OR = 0.98, 95%CI 0.98 to 0.99) and MUI 
(OR = 0.98, 95%CI 0.97 to 0.98) (all P < 0.001). Compared 
with the low score group, the odds ratios for people with 
moderate and high LE8 scores to suffer from SUI were 
0.66 (95%CI 0.57 to 0.76), 0.45 (0.37 to 0.55), to develop 
UUI was 0.64 (0.56 to 0.74), 0.49 (0.40 to 0.60), and to 
gain MUI were 0.67 (0.56 to 0.80), 0.41 (0.30 to 0.55) in 
the fully-adjusted model. With a 10-point increase in the 
score, the risk of SUI decreased to 0.84 (95% CI 0.81 to 
0.87). The same trend was observed in the people with 
UUI (OR = 0.84, 95%CI 0.81 to 0.88) or MUI (OR = 0.80, 
95%CI 0.76 to 0.85).

Spline smoothing and piecewise regression
The spline smoothing demonstrated that the LE8 score 
was negatively and linearly associated with the preva-
lence of SUI and UUI (Fig. 2). Namely, the dose–response 

http://www.R-project.org
http://www.empowerstats.com
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Table 1  Characteristics of participants by the category of LE8 score: NHANES 2007–2018a

Variables All  (n = 22,609) Group P-value

Low LE8
(n = 2,994)

Moderate LE8 
(n = 15,124)

High LE8
(n = 4,491)

Age (years, mean ± SE) 48.2 ± 16.8 54.8 ± 14.6 49.5 ± 16.8 42.0 ± 16.0  < 0.001

  20–34 (%) 25.8 10.4 23.0 40.1

  35–49 (%) 27.0 25.5 26.6 28.8

  50–64 (%) 27.9 38.2 29.2 20.0

  ≥ 65 (%) 19.3 25.9 21.2 11.1

LE8 68.5 ± 14.5 42.2 ± 6.3 66.1 ± 8.1 86.8 ± 5.1  < 0.001

PIR (mean ± SE) 3.1 ± 1.6 2.4 ± 1.5 3.0 ± 1.6 3.5 ± 1.6  < 0.001

  ≤ 1.3 (%) 20.0 32.6 20.2 13.7

  > 1.3 and ≤ 3.5 (%) 35.6 41.4 36.9 29.5

  > 3.5 (%) 44.4 26.0 42.9 56.8

Gender (%)  < 0.001

  Female 51.3 52.4 48.4 58.8

  Male 48.7 47.6 51.6 41.2

Race (%)  < 0.001

  Mexican American 7.8 7.2 8.1 7.3

  Other Hispanic 69.8 67.4 69.4 71.9

  Non-Hispanic white 10.1 15.6 10.7 6.0

  Non-Hispanic black 5.4 4.7 5.5 5.6

  Other races 6.9 5.1 6.3 9.2

Education (%)  < 0.001

  Less than 9th grade 4.3 8.2 4.3 2.5

  9-11th grade 9.7 17.3 10.3 4.4

  High school graduate 23.0 31.0 25.5 12.8

  Some college 31.6 31.9 33.2 27.3

  College graduate or above 31.4 11.6 26.7 53.0

Marital (%)  < 0.001

  Married/Living with partner 64.5 60.3 64.6 65.9

  Divorced/Separated/Widowed 18.1 27.1 19.6 9.9

  Never married 17.5 12.6 15.8 24.3

Alcohol (%)  < 0.001

  Never 10.4 9.5 10.1 11.8

  Former 12.9 24.9 13.2 6.9

  Now 76.7 65.6 76.7 81.3

CVD (%)  < 0.001

  No 91.2 78.3 91.1 97.2

  Yes 8.8 21.7 8.9 2.8

Stroke (%)  < 0.001

  No 97.1 91.7 97.1 99.3

  Yes 2.9 8.3 2.9 0.7

Cancer (%)  < 0.001

  No 89.1 87.0 88.3 92.1

  Yes 10.9 13.0 11.7 7.9

SUI (%)  < 0.001

  No 75.8 66.0 75.9 80.0

  Yes 24.2 34.0 24.1 20.0

UUI (%)  < 0.001

  No 79.3 66.0 78.8 86.6
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relationship meant that a higher LE8 score was signifi-
cantly associated with lower prevalence of SUI and UUI.

The association between the LE8 score and the preva-
lence of MUI was investigated using smooth curve fit-
ting and piecewise linear regression. Outliers were 
excluded according to the Chanwennt criterion. The plot 
revealed a curve association. With a two-segment lin-
ear regression model, we calculated an inflection point 

of 52.5 (Table  3). When the LE8 score was more than 
52.5, the risk of developing MUI decreased by 2.2% with 
the increase of one LE8 point (OR = 0.98, 95%CI 0.97 to 
0.98). When the LE8 score was less than 52.5, each unit 
increase in LE8 tended to increase the 4‰ risk of MUI, 
though not significantly (OR = 1.00, 95%CI 0.99 to 1.02). 
P for the likelihood-ratio test was less than 0.001, indicat-
ing the association between LE8 and MUI was non-linear.

SE Standard error, LE8 Life’s essential 8, PIR Poverty Income Ratio, CVD Cardiovascular disease, SUI Stress urinary incontinence, UUI Urge urinary incontinence, MUI 
Mixed urinary incontinence
a Mean + SE for continuous variables, and P value was calculated by weighted t test. % for categorical variables, and P value was calculated by weighted chi-square test

Table 1  (continued)

Variables All  (n = 22,609) Group P-value

Low LE8
(n = 2,994)

Moderate LE8 
(n = 15,124)

High LE8
(n = 4,491)

  Yes 20.7 34.0 21.2 13.4

MUI (%)  < 0.001

  No 90.3 82.0 90.1 94.7

  Yes 9.7 18.0 9.9 5.3

Table 2  Association between LE8 and the prevalence of SUI, UUI, and MUI

CI Confidence interval, OR Odds ratio, LE8 Life’s essential 8, SUI Stress urinary incontinence, UUI Urge urinary incontinence, MUI Mixed urinary incontinence
a Non-adjusted model adjusts for none
b Minimally adjusted model adjusts for age, gender, race
c Fully adjusted model adjusts for age, gender, race, poverty income ratio, education, marital, alcohol, cardiovascular disease, stroke, cancer

Variables (%) Non-adjusted modela Minimally-adjusted modelb Fully-adjusted modelc

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

SUI
  LE8 0.99 (0.98, 0.99)  < 0.001 0.98 (0.98, 0.99)  < 0.001 0.98 (0.98, 0.99)  < 0.001

  Category of LE8
     Low (< 50) Ref Ref Ref

     Moderate (≥ 50 and < 80) 0.62 (0.55, 0.69)  < 0.001 0.63 (0.55, 0.72)  < 0.001 0.66 (0.58, 0.76)  < 0.001

     High (≥ 80) 0.48 (0.42, 0.56)  < 0.001 0.42 (0.35, 0.50)  < 0.001 0.45 (0.37, 0.55)  < 0.001

  Per 10 points increase 0.86 (0.83, 0.89)  < 0.001 0.83 (0.81, 0.86)  < 0.001 0.84 (0.81, 0.87)  < 0.001

UUI
  LE8 0.97 (0.97, 0.98)  < 0.001 0.98 (0.98, 0.99)  < 0.001 0.98 (0.98, 0.99)  < 0.001

  Category of LE8
     Low (< 50) Ref Ref Ref

     Moderate (≥ 50 and < 80) 0.52 (0.46, 0.59)  < 0.001 0.60 (0.53, 0.69)  < 0.001 0.64 (0.56, 0.74)  < 0.001

     High (≥ 80) 0.30 (0.25, 0.36)  < 0.001 0.43 (0.35, 0.51)  < 0.001 0.49 (0.40, 0.60)  < 0.001

  Per 10 points increase 0.76 (0.74, 0.79)  < 0.001 0.82 (0.79, 0.86)  < 0.001 0.84 (0.81, 0.88)  < 0.001

MUI
  LE8 0.97 (0.97, 0.97)  < 0.001 0.97 (0.97, 0.98)  < 0.001 0.98 (0.97, 0.98)  < 0.001

  Category of LE8
     Low (< 50) Ref Ref Ref

     Moderate (≥ 50 and < 80) 0.50 (0.43, 0.59)  < 0.001 0.56 (0.47, 0.67)  < 0.001 0.67 (0.56, 0.80)  < 0.001

     High (≥ 80) 0.26 (0.20, 0.32)  < 0.001 0.30 (0.23, 0.39)  < 0.001 0.41 (0.30, 0.55)  < 0.001

  Per 10 points increase 0.73 (0.70, 0.77)  < 0.001 0.76 (0.72, 0.80)  < 0.001 0.80 (0.76, 0.85)  < 0.001
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Analyses of interactions and subgroups
Interaction and subgroup analyses were conducted to 
find whether some factors modified the association 
between LE8 and the prevalence of the three types 
of UI in the fully  adjusted model  (Table  4). We found 
the  interaction  is  statistically  significant of age and 
gender on the association between LE8 and the prev-
alence of SUI or MUI. The association between LE8 
and the prevalence of SUI was modified by race and 
cancer. In addition, the association between LE8 and 
the prevalence of UUI was affected by PIR and educa-
tion. However, apart from education, the odds ratio 
of the stratified analyses with the variables above was 
less than 1, so the direction was consistent. Therefore, 
the  interactions were deemed spurious and not mean-
ingful. As for the effect on the association between LE8 
and the prevalence of UUI made by education, the odds 
ratios of less than 9th grade, 9-11th grade, high school 
graduates, some college, and college graduates or above 
were 1.003, 0.983, 0.983, 0.983, 0.980, respectively, with 
p of 0.014 for interaction.

Sensitivity analysis
Some sensitivity analyses were conducted to verify the 
stability of the results. (1) In the fully-adjusted model, 
the multivariable logistic regression with extreme val-
ues of LE8 excluded showed that the negative associa-
tion between LE8 and SUI, UUI, or MUI was still present 
(Table S2). (2) There was a significantly negative associa-
tion between LE8 and the prevalence of UI (OR = 0.982, 
95%CI 0.978 to 0.986). The same negative relationship 
between the two was also observed in the subgroup anal-
ysis of LE8 and the test for trend (Table S3). In addition, 
the spline smoothing proved a negative and linear asso-
ciation between LE8 and the prevalence of UI (Fig. S1).

Discussion
This cross-sectional study demonstrates an inverse asso-
ciation between LE8 and the prevalence of SUI, UUI, 
or MUI. The dose–response relationship means that a 
higher LE8 score is significantly associated with a lower 
prevalence of SUI and UUI. In addition, this study also 
reveals a curve-decreasing relationship between LE8 and 
MUI. In other words, with the decrease in LE8 score, the 
prevalence of MUI gradually increases and eventually 
stabilizes. Moreover, education significantly affects the 
association between LE8 and the prevalence of UUI. Sen-
sitivity analysis shows the same inverse trend between 
LE8 and the three types of UI. Thus, we believe the find-
ings are robust.

As the definition of CVH was updated and called LE8 
by AHA, growing evidence proves that the composite 
LE8 score does a good job of evaluating CVH and pre-
dicting inactive cardiovascular outcomes (CVD, stroke, 
atherosclerotic cardiovascular diseases, and cardiovas-
cular mortality) [17–20]. Some studies show that people 
with heart failure are more likely to develop UI and the 
frequency of UI is high [21, 22]. Another prospective 
study involving 100 participants presents the same trend 

Fig. 2  A spline smoothing demonstrated the association between LE8 and the prevalence of SUI (A), UUI (B), and MUI (C)

Table 3  Threshold effect analysis of LE8 on MUI using piecewise 
linear regression

MUI Mixed urinary incontinence, LE8 Life’s essential 8, MUI Mixed urinary 
incontinence
a Fully adjusted model adjusts for age, gender, race, poverty income ratio, 
education, marital, alcohol, cardiovascular disease, stroke, cancer

Outcome: MUI Fully-adjusted modea

Adjusted OR (95% CI) P value

Fitting by binary logistic regression 
model

0.98 (0.97, 0.98)  < 0.001

Fitting by piecewise linear regression model

  Inflection point 52.50

  LE8 < 52.5 1.00 (0.99, 1.02) 0.538

  LE8 > 52.5 0.98 (0.97, 0.98)  < 0.001

  Log likelihood ratio test  < 0.001
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Table 4  Logistic regression analysis to identify variables that modify the correlation between LE8 and the prevalence of SUI, UUI, and 
MUI

CI Confidence interval, OR Odds ratio, LE8 Life’s essential 8, SUI Stress urinary incontinence, UUI Urge urinary incontinence, MUI Mixed urinary incontinence, CVD 
Cardiovascular disease

Fully adjusted model adjusts for age, gender, race, poverty income ratio, education, marital, alcohol, cardiovascular disease, stroke, cancer

Variables (%) SUI UUI MUI

OR (95%CI) P for Interaction OR (95%CI) P for Interaction OR (95%CI) P for Interaction

Age (years)  < 0.001 0.171 0.022

  20–34 0.97 (0.96, 0.98) 0.98 (0.97, 0.99) 0.96 (0.95, 0.97)

  35–49 0.99 (0.99, 1.00) 0.98 (0.97, 0.99) 0.98 (0.97, 0.99)

  50–64 0.98 (0.97, 0.98) 0.98 (0.98, 0.99) 0.98 (0.97, 0.98)

  ≥ 65 0.99 (0.98, 1.00) 0.99 (0.98, 0.99) 0.99 (0.98, 1.00)

Gender 0.005 0.298 0.002

  Female 0.99 (0.98, 0.99) 0.98 (0.98, 0.99) 0.98 (0.98, 0.99)

  Male 0.97 (0.96, 0.98) 0.98 (0.98, 0.99) 0.96 (0.95, 0.97)

PIR 0.180 0.015 0.301

  ≤ 1.3 0.99 (0.98, 0.99) 0.99 (0.98, 0.99) 0.98 (0.98, 0.99)

  > 1.3 and ≤ 3.5 0.98 (0.97, 0.99) 0.99 (0.98, 0.99) 0.98 (0.97, 0.99)

  > 3.5 0.98 (0.98, 0.99) 0.98 (0.97, 0.98) 0.97 (0.97, 0.98)

Race 0.007 0.345 0.160

  Mexican American 0.99 (0.99, 1.00) 0.99 (0.98, 1.00) 0.99 (0.98, 1.00)

  Other Hispanic 0.98 (0.98, 0.99) 0.98 (0.98, 0.99) 0.98 (0.97, 0.99)

  Non-Hispanic white 0.98 (0.98, 0.99) 0.99 (0.98, 0.99) 0.98 (0.98, 0.99)

  Non-Hispanic black 0.98 (0.98, 0.99) 0.98 (0.97, 0.99) 0.98 (0.97, 0.99)

  Other races 0.97 (0.96, 0.98) 0.98 (0.96, 0.99) 0.96 (0.95, 0.98)

Education 0.265 0.014 0.107

  Less than 9th grade 1.00 (0.98, 1.01) 1.00 (0.99, 1.02) 1.00 (0.98, 1.02)

  9-11th grade 0.98 (0.97, 0.99) 0.98 (0.97, 0.99) 0.98 (0.97, 1.00)

  High school graduate 0.98 (0.97, 0.99) 0.98 (0.98, 0.99) 0.97 (0.96, 0.98)

  Some college 0.98 (0.98, 0.99) 0.98 (0.98, 0.99) 0.98 (0.97, 0.99)

  College graduate or above 0.98 (0.98, 0.99) 0.98 (0.97, 0.99) 0.98 (0.97, 0.99)

Marital 0.440 0.216 0.440

  Married/Living with partner 0.98 (0.98, 0.99) 0.98 (0.98, 0.99) 0.98 (0.97, 0.98)

  Divorced/Separated/Widowed 0.99 (0.98, 0.99) 0.98 (0.98, 0.99) 0.98 (0.97, 0.99)

   Never married 0.98 (0.97, 0.99) 0.99 (0.98, 1.00) 0.98 (0.97, 0.99)

Alcohol 0.440 0.134 0.860

   No 0.99 (0.98, 0.99) 0.99 (0.98, 1.00) 0.98 (0.97, 0.99)

   Yes 0.98 (0.97, 0.99) 0.99 (0.98, 1,00) 0.98 (0.97, 0.99)

   Missing 0.98 (0.98, 0.99) 0.98 (0.98, 0.99) 0.98 (0.97, 0.98)

Cancer 0.006 0.424 0.364

   No 0.99 (0.98, 0.99) 0.98 (0.98, 0.99) 0.98 (0.97, 0.99)

   Yes 0.97 (0.96, 0.98) 0.98 (0.97, 0.99) 0.97 (0.96, 0.99)

Stroke 0.733 0.691 0.082

   No 0.98 (0.98, 0.99) 0.98 (0.98, 0.99) 0.98 (0.97, 0.98)

   Yes 0.99 (0.97, 1.00) 0.99 (0.97, 1.00) 1.00 (0.98, 1.02)

CVD 0.818 0.877 0.350

   No 0.98 (0.98, 0.99) 0.98 (0.98, 0.99) 0.98 (0.97, 0.98)

   Yes 0.98 (0.97, 0.99) 0.98 (0.98, 0.99) 0.98 (0.97, 1.00)
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and shows that patients with the impact of two diseases 
combined have a worse quality of life [23]. A meta-anal-
ysis with 14 high-quality studies shows that men with 
moderate to severe LUTS, including UI, have a 68% 
increased likelihood of experiencing significant adverse 
cardiac events [24]. These studies demonstrate that CVH 
is related to LUTS, including voiding and storage symp-
toms, and strongly support our findings that CVH meas-
ured by LE8 is inversely associated with the prevalence 
of UI. Thus, it is critical that the awareness of monitor-
ing CVH and screening adverse cardiac events shall be 
raised, which is essential for UI prevention and manage-
ment. Although the underlying mechanism is complex 
and yet unclear, the use and dosages of furosemide and 
beta-blockers may play a modest role [25]. Furthermore, 
changes in autonomic neuromodulation, inflammatory 
response, and blood supply by CVH may also signifi-
cantly affect UI development [3, 26, 27].

The new and updated metrics of LE8 are not only 
closely related to CVH but also act as protective or detri-
mental factors for UI. The AHA added sleep health to the 
initial seven factors (LS7) for CVH assessment in 2022. A 
prospective study reveals that maintaining healthy sleep 
patterns (based on sleep duration, chronotype, snoring, 
insomnia, and daytime dozing) can reduce the risk of 
CVD associated with a poor lifestyle [28]. Additionally, 
cardiovascular baroreflex circuits  are also indispensable 
to sleep–wake brain-state regulation, and an interac-
tion may be present [29]. Recently, Chen et al. confirmed 
a U-shaped association between sleep duration and the 
prevalence of UI. Normal sleep duration (7 to 9  h) is 
reversely associated with UI, and people with insuffi-
cient or excessive sleep are more likely to develop UI [30]. 
Moreover, Jooyeon et al. revealed that urinary symptoms 
were improved significantly with great sleep efficiency 
via a biofeedback-based sleep improvement program 
[31]. Therefore, sleep may also  mediate  the  associa-
tion between CVH and UI, but more research is needed 
to explore the underlying mechanism.

In addition, the other seven metrics of LE8 are also 
closely related to UI, and the effect on UI shall not be 
concealed. Studies show that not only the occurrence but 
also the components of metabolic syndrome (abdominal 
obesity, hypertension, diabetes, hyperlipidemia) increase 
the risk of UI [32, 33]. Other studies prove that a higher 
intake of certain diet components increases the risk of UI, 
such as protein, fat, and micronutrients (zinc and vitamin 
B12) [34, 35]. These diet components will affect the circu-
lating sex hormone, urine secretion, and systemic inflam-
matory markers, which raise the risk of UI. However, a 
ketogenic diet can also significantly improve UI [36]. 
Therefore, a healthy diet may become an effective pre-
ventive and interventive strategy. A large cross-sectional 

study (EPINCONT) for adult women demonstrates that 
former and current smokers are more likely to develop 
UI, especially severe UI. Notably, the risk of UI among 
smoking quitters is still higher than among non-smokers, 
so a remaining effect may be present [37]. The increased 
risk of UI in smokers may be attributed to more intense 
and frequent coughs, the anti-estrogenic effect, and the 
disruption of collagen synthesis caused by smoking [5, 
38, 39]. Moreover, sedentary behavior and less physical 
activity are recognized as risk factors for UI. A prospec-
tive cohort study uncovers an inverse dose–response 
relationship between active physical activity and the 
prevalence of UI, which may be achieved in part through 
weight loss [4]. However, a case–control study dem-
onstrates that greater strenuous activity in the young 
is positively associated with a higher prevalence of UI 
in later life [40]. Exercise intensity and exercise volume 
measure different titles. High-volume physical activity 
tends to decrease, and high-intensity physical activity 
tends to raise the risk of UI. In our study, physical activity 
was systematically quantified through exercise metabolic 
equivalent to avoiding the bias caused by a single evalua-
tion. Moreover, most studies support this inverse associa-
tion between physical activity and UI [41, 42]. Thus, the 
occurrence of UI is considered a possible consequence 
of a low LE8 score and poor CVH, and maintaining a 
healthy lifestyle and factors for CVH are critical in pre-
venting UI. Nevertheless, the common pathophysiologic 
pathways may exist and merit further investigation.

The present study shows that education modifies the 
association between LE8 and the prevalence of UUI. 
Namely, the negative relationship is more obvious among 
people with low education levels (less than 9th grade). 
Reportedly, less-educated individuals have more poten-
tial risk factors (bad lifestyle and poor healthcare) and 
higher occurrence of CVD [43]. A nationwide study 
during the COVID-19 pandemic demonstrates that 
low-educated residents (no more than lower second-
ary education) are featured by poor clinical awareness 
and action for major cardiovascular events, which will 
increase the risk of cardiovascular morbidity and mor-
tality [44]. In addition to the increased UUI risk factors, 
low-educated individuals are reluctant to talk about UI, 
and this symptom is less likely to be recognized as a dis-
ease, which makes the disease an overlooked and poorly 
managed condition due to poorer knowledge [45, 46].

The strengths and shortcomings of this study shall 
also be mentioned. The first and major strength is that it 
is the first work to explore the association between the 
prevalence of UI and CVH which is measured by the 
new LE8 score system, and it makes significant clini-
cal and public health effects because of the UI epidemic. 
Second, the large sample size of the muti-ethnic and 
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community-based population makes the results more 
reliable and generalizable. However, the shortcomings 
shall also be considered. First, the cross-sectional design 
limits the assessment of the causality between CVH and 
the prevalence of UI. Second, the information on UI was 
collected by trained interviewers via unified question-
naires, but a recall basis was inevitable. Third, although 
adjustments were made for many potential confounding 
factors, unknown confounding effects due to unmeas-
ured variables cannot be fully ruled out.

Conclusions
The prevalence of UI is inversely associated with the LE8 
score. This inverse linear dose–response relationship 
indicates that excellent CVH with a higher LE8 score is 
accompanied by lower prevalence rates of UUI, SUI, and 
MUI. Early therapeutic approaches for UI prevention and 
intervention may be found via health behaviors and fac-
tor regulation for CVH. Nevertheless, further in-depth 
and high-quality prospective studies are needed to elabo-
rate on the underlying mechanism between CVH and the 
prevalence of UI.
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