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Association between cardiovascular
health and overactive bladder

Zehao Li%2, Xiangliang Liu'?, Yuguang Li*2, Xingiao Chen?, Ziming Liu?, Xiaoxue Gao® &
Jiuwei Cui®1*

Life’s Essential 8 (LE8) is an emerging composite metric of cardiovascular health encompassing diet,
physical activity, smoking, sleep, weight, cholesterol, blood glucose, and blood pressure. Mounting
evidence suggests lifestyle factors may play an important role in overactive bladder (OAB), however
the link between LE8 and OAB remains unexplored. We aimed to examine the correlation between
the two. We analyzed data on 23,187 individuals from the 2005-2018 National Health and Nutrition
Examination Survey (NHANES). Participants were stratified into low, moderate and high LE8 groups.
Logistic regression examined the association between LE8 and OAB. Restricted cubic splines (RCS)
and weighted quantile sum (WQS) regression further probed this relationship. Higher LE8 scores

were associated with lower OAB risk, independent of covariate adjustment. The inverse correlation
between LE8 and OAB was validated by RCS and WQS analyses. Of LE8 components, glycemic control
conferred the greatest contribution. Higher LE8 scores may be protective against OAB. Optimization of
cardiovascular health metrics could represent a novel OAB prevention strategy.
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Overactive bladder (OAB) is a common condition characterized by urinary urgency, usually accompanied by
frequency and nocturia, with or without urge urinary incontinence, in the absence of urinary tract infection or
other obvious pathology'. The prevalence of OAB is reported to be as high as 16.9% globally?, exerting substantial
detrimental impacts on quality of life and imposing a tremendous socioeconomic burden?. Therefore, identifying
modifiable risk factors for OAB is of great public health significance.

Emerging evidence suggests that lifestyle factors may play an important role in OAB development. In
particular, the American Heart Association (AHA) recently proposed “Life’s Essential 8” (LE8), a set of health
behaviors and factors including diet, physical activity, nicotine exposure, sleep, weight, cholesterol, blood
glucose, and blood pressure (BP), as critical metrics of overall cardiovascular health®. LE8 represents a shift
beyond traditional risk factors to focus on the promotion of ideal health. Interestingly, some components of LES,
such as blood glucose, have been associated with increased OAB risk>®. However, no studies have yet examined
the relationship between overall LE8 score and OAB.

Elucidating the link between LE8 and OAB may uncover novel opportunities for improving bladder health
through optimization of cardiovascular health metrics. Here, we analyze data from the National Health and
Nutrition Examination Survey (NHANES), a nationally representative study of health and nutritional status
in the United States, to investigate the association between LE8 score and OAB prevalence. We apply rigorous
statistical modeling, including multivariate logistic regression, restricted cubic splines (RCS), and weighted
quantile sum (WQS) regression, to delineate this relationship and dissect the relative contributions of individual
LE8 components. Our findings may inform preventive strategies and public health messaging to mitigate the
rising burden of OAB worldwide.

Methods

Study design and population

This paper mines the NHANES database for seven cycles of data from 2005-2018. NHANES is a research
program designed to assess the health and nutritional status of adults and children in the U.S. NHANES is a major
program of the National Center for Health Statistics, part of the Centers for Disease Control and Prevention,
which is responsible for providing the nation with vital and health statistics. NHANES interviews include
demographic, socioeconomic, dietary, and health-related issues. The screening component includes medical,
dental, and physiologic measurements, as well as laboratory tests performed by trained medical personnel. The
results of this survey are used to determine the prevalence of major diseases and risk factors for disease, and to
assess nutritional status and its relationship to health promotion and disease prevention.
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There were a total of 70,190 subjects in these 7 cycles. First, we excluded 35,840 individuals who were unable
to evaluate bladder function and 8,500 individuals who had insufficient information to calculate LES. In addition,
2,663 individuals with missing covariate information were also excluded. Finally, a total of 23,187 people were
included in the study, of which 11,765 were women and 11,422 were men (Fig. 1).

Diagnosis of overactive bladder

In this paper, the diagnosis of OAB follows the flowchart of OAB diagnosis based on overactive bladder syndrome
score first proposed by Yunfei Xiao et al.”. The nocturia frequency of 0, 1, 2, and greater than or equal to 3 times
received scores of 0, 1, 2, and 3, respectively. Urge incontinence was given scores of 0, 1, 2, and 3 based on how
frequently it occurred—never, once a month, once a week, and once a day, respectively. By summing the two
scores, the Overactive Bladder Syndrome Symptom Score (OABSS) was calculated. Individuals who had an
overall OABSS of >3 were diagnosed with OAB.

Life’s essential 8 (LE8)

The American Heart Association (AHA) released revised cardiovascular health guidelines in the August 2022
issue of Circulation. Because a history of inadequate sleep has been linked to an increased risk of death from all
causes in numerous epidemiologic studies. Based on the 2010 AHA publication (Life’s Simple 7), the guidelines
add the behavior “sleep duration” and rename the most recent health guideline " LE8” to better support
individuals with healthier sleep patterns in managing risks related to weight, blood pressure, or diabetes. The
"LE8” Cardiovascular Health Guidelines include maintaining a healthy weight, blood pressure, blood lipid, and
blood glucose levels, engaging in physical activity, abstaining from tobacco, and maintaining a nutritious diet.
The specific algorithm for the LE8 scores for each indicator for the NHANES data can be found in Supplementary
Tables 1-2.

Statistical analysis

Sample weights from various study years were pooled in accordance with the NHANES website criteria. Baseline
data were grouped according to whether OAB was diagnosed or not, continuous variables were expressed
as “Mean +SD” deviation, and t-test with ANOVA was used to test for baseline differences between the two
groups. Categorical information was expressed as percentages, and the x2 test was utilized to check for baseline
differences. We first analyzed the relationship between LE8 and OAB incidence by stepwise adjustment of
covariates using a generalized linear model (GLM). In the crude model, no covariates were adjusted. In the
Model 1, adjustments were made for age, gender and race. In the Model 2, we further adjusted education level,
poverty income ratio (PIR), alcohol intake based on Model 1. Next, we used restricted cubic spline curves (RCS)
to explore whether there was a nonlinear association between the fully adjusted model and OAB. Finally, we
used WQS regression to explore the overall effect of LE8 scores on the incidence of OAB and to assess the weight
share of each indicator in LE8. The R package “Survey” combined weights in the analysis above.

NHANES 2005-2018(N =70 190)

Excluded:
Unable to evaluate bladder function
(N= 35 840)

Analytic sample (N =34 350)

Excluded:
Unable to calculate LE8 (N=8 500)

Analytic sample (N = 25 850)

Excluded:
Missing data on covariates(N =2 663)

Analytic sample (N =23 187).including
Female(N =11 765) and Male(N =11 422)

Fig. 1. Flowchart in selecting the studying participants.
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Results

Baseline characteristics of the study population

In the primary cohort of this study, a total of 23,187 eligible individuals were examined, comprising 11,422
males and 11,765 females. Based on the OAB diagnosis status of these people, two separate groups were formed
(Table 1). In this study, 18,617 controls and 4,570 OAB patients were enrolled. Specifically, those individuals
afflicted with OAB exhibited relatively lower scores across several vital parameters within the LE8 framework,
as follows: Physical Activity (PA) score (Mean=+SE, 56.897 +46.072), Nicotine Exposure Score (Mean+ SE,
68.633+38.827),Slee p Health Score (Mean +SE, 76.438 +28.636), Body Mass Index (BMI) Score (Mean + SE,
50.219 +34.399), Glucose Score (Mean +SE, 71.565 +30.394), and BP Score (Mean + SE, 54.260 +32.972) of the
LES. These observations underscore a noteworthy association between lower LE8 scores and the presence of OAB,
implying an inverse correlation between LE8 scores and the prevalence of OAB. People with high LE8 scores
(80-100, 7.81%) are less likely to get OAB. In addition, OAB patients were more likely to be female(59.15%),0lder
(265, 41.20%), Non-Hispanic Black (27.16%), low high school (31.82%), abstaining or never drinkers (40.02%).

Relationship between model-adjusted LE8 score and the risk of OAB by the generalized
linear model

We employed three separate GLM models to step-wise adjust for the covariates because the baseline data
indicated that the two groups differed statistically on certain factors (Table 2). In the crude model, no covariates
were adjusted. In the Model 1, adjustments were made for age, gender and race. In the Model 2, we further
adjusted education level, PIR, alcohol intake based on Model 1. Using the low LE8 subgroup as a reference, we
plotted a forest plot (Fig. 2) for each model and labeled the odds ratio (OR) of the moderate LE8 score to the high
LES score and the corresponding 95% confidence intervals (Cls) in the plots.

No overactive bladder | Overactive bladder

Variables Level 18,617 4570 P-value
LE8 score(%) Low (0-49) 2054 (11.03) 1119 (24.49) <0.0001
Moderate (50-79) 12,706 (68.25) 3094 (67.70)
High (80-100) 3857 (20.72) 357 (7.81)
Gender (%) Female 9062 (48.68) 2703 (59.15) <0.0001
Male 9555 (51.32) 1867 (40.85)
Age(%) [30, 65) 15,441 (82.94) 2687 (58.80) <0.0001
=65 3176 (17.06) 1883 (41.20)
Race(%) Mexican American 2773 (14.89) 622 (13.61) <0.0001
Non-Hispanic Black 3412 (18.33) 1241 (27.16)
Non-Hispanic White 8873 (47.66) 2033 (44.49)
Other Hispanic 1625 (8.73) 425 (9.30)
Other Race - Including Multi-Racial | 1934 (10.39) 249 (5.45)
gz;lcaﬁ"“ level 10, high school 3549 (19.06) 1454 (31.82) <0.0001
High school 4206 (22.59) 1116 (24.42)
College or above 10,862 (58.34) 2000 (43.76)
Alcohol intake(%) | Former drinker 2745 (14.74) 1089 (23.83) <0.0001
Heavy drinker 3878 (20.83) 695 (15.21)
Mild drinker 6618 (35.55) 1456 (31.86)
Moderate drinker 3115 (16.73) 590 (12.91)
Never drinker 2261 (12.14) 740 (16.19)
PIR(%) <1 3381 (18.16) 1115 (24.40) <0.0001
[1,3) 7459 (40.07) 2148 (47.00)
>3 7777 (41.77) 1307 (28.60)
LE8 score components (mean +SD)
Score_HEI 39.621+31.356 39.923+31.215 0.5584
Score_PA 70.685+41.664 56.897 £46.072 <0.0001
Score_Smoke 71.386+39.088 68.633+£38.827 <0.0001
Score_Sleep 82.389+24.652 76.438 +28.636 <0.0001
Score_BMI 61.906+33.110 50.219+34.399 <0.0001
Score_Non-HDL 64.879 £30.444 62.350£29.520 <0.0001
Score_Glucose 85.161+24.385 71.565+30.394 <0.0001
Score_BP 69.457 +£31.068 54.260+32.972 <0.0001

Table 1. Baseline characteristics of the selected participants. PIR: Poverty Income Ratio; HEI: Healthy Eating
Index; PA: physical activity; BMI: body mass index; HDL: high-density lipoprotein; BP: blood pressure.
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Fig. 2. Forest plot for the association between Life’s Essential 8 Score and overactive Bladder. Crude Model: no
covariates were adjusted. Model 1: adjusted for age; gender and race. Model 2: adjusted for age; gender; race;
education level; poverty income ratio and alcohol intake. Low LE8 score: 0~49; Moderate LE8 score: 50~79;
High LES8 score: 80~100.

Compared with the crude model, the ORs increased progressively (ORs < 1) after gradual adjustment of the
covariates. Even after adjusting for these covariates, LE8 was a protective factor for overactive bladder syndrome.
The ORs for high LE8 scores were lower in all three models compared to the ORs for medium LE8 scores,
indicating a negative correlation between high LE8 scores and the incidence of OAB and supporting the idea that
high LE8 scores may prevent the development of OAB.

Exposure Crude model OR (95%CI) | Model 1 OR (95%CI) | Model 2 OR (95%CI)
LES8 score

Low(0~49) Reference Reference Reference
Moderate(50 ~79) | 0.45(0.41 ~0.49) 0.48(0.44 ~0.53) 0.52(0.48 ~0.57)
High(80~100) 0.17(0.15~0.19) 0.22(0.19~0.25) 0.25(0.22~0.29)

P for trend <0.001 <0.001 <0.001

Table 2. Univariate and multivariate analyses by the weighted linear model.Crude model: no covariates were
adjusted. Model 1: adjusted for age; gender and race. Model 2: adjusted for age; gender; race; education level;
poverty income ratio and alcohol intake.

Relationship between model-adjusted LE8 score and the risk of OAB by the restricted cubic
spline

We applied the restricted cubic spline model® to fit the association between the LES score and the incidence
of OAB for the purpose to discover whether there is a nonlinear relationship between the two. (Fig. 3). When
age, gender, race, education level, PIR and alcohol intake were taken into account, the model showed a non-
linear association between the LE8 score and the incidence of OAB (P-non-linear =0.043). However, as shown in
Fig. 3, no clear U-shaped or inverted U-shaped trend was observed. Instead, the incidence of OAB consistently
decreased with increasing LE8 scores. Therefore, we hypothesize that an increase in the LE8 score is associated
with a reduced risk of OAB.

The association between OAB and model-adjusted LE8 score by the weighted quantile sum
regression model

WQS regression® is a statistical model for multiple regression of high-dimensional datasets often used in
environmental exposures. In our study, we employ WQS regression to analyze the individual contributions of
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Fig. 3. Restricted cubic spline plots of the association between LE8 score and incidence of OAB. RCS
regression was adjusted for age; gender; race; education level; poverty income ratio and alcohol intake. The red
solid line represents ORs. Histogram represents the distribution of people with different LE8 scores.

the LE8 score’s eight evaluation measures as well as to quantify the overall effect of the score on OAB risk (Fig.
4). The LE8 score derived from the fully adjusted WQS regression model was inversely associated with the risk
of OAB (OR: 0.24, 95% CI: 0.21 to 0.28, P<0.001). This statistical observation suggests that the LE8 score is
protective against the development of OAB. Furthermore, a number of the LE8 assessors made a substantial
contribution to the final result and were given a lot of weight in the WQS model. The largest impact was found
in blood glucose (28.85%), followed by BMI (21.92%), nicotine exposure (13.45%), blood pressure (13.18%) and
sleep health (13.13%).

Discussion

This study demonstrates an inverse association between LE8 score, a composite metric of cardiovascular health,
and risk of OAB!. Higher LES8 scores were associated with progressively lower odds of OAB in a dose-response
manner!!. This relationship persisted in multivariate regression models adjusting for potential demographic and
socioeconomic confounders, suggesting it is independent of these factors.

WQS regression further identified blood glucose, BMI, nicotine exposure, BP and sleep health as the key LE8
components contributing to its inverse link with OAB. Of these, blood glucose exhibited the strongest individual
association, aligning with prior evidence that diabetes can result in bladder dysfunction®. Taken together,
these findings indicate that improving LES metrics may confer protective effects against OAB susceptibility'2.
This highlights novel opportunities for lifestyle-based OAB prevention strategies by targeting optimization of
cardiovascular health factors'?.

Among the top LE8 metrics, many diabetic metabolites (e.g. monosodium urate, HMGBI, etc.) can
trigger bladder inflammation and overactive bladder by activating NLRP3 inflammatory vesicles in the urine
epithelium®®. Excess weight predisposes to OAB potentially via direct pressure effects on the bladder and
neuropathy associated with metabolic conditions'. Nicotine can elicit lower urinary tract symptoms (LUTS)
through decreased bladder blood flow and uroepithelial hypoxia!®,!6, Optimal blood pressure control reduces
risk of bladder ischemia and oxidative stress that can precipitate detrusor overactivity'®. Finally, adequate
sleep optimizes hormonal balance and neural pathways regulating urination, whereas sleep deprivation has
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Fig. 4. WQS model regression index weights for overactive bladder. Models were adjusted for age; gender;
race; education level and alcohol intake.

been linked to overactivity of bladder afferent pathways!”. Elucidating these mechanisms provides biological
plausibility linking LE8 components to lower OAB susceptibility.

This study reveals an important link between cardiovascular health as measured by LE8 and susceptibility to
overactive bladder syndrome!®. The findings have significant public health implications in illuminating lifestyle
optimization as a promising strategy for OAB prevention. Improving diet quality, increasing physical activity,
achieving healthy weight status, and optimizing sleep, cholesterol, BP and glucose levels may confer collateral
benefits for bladder health!%. Population-level interventions targeting LES metrics could potentially help curb
the rising tide of OAB and related healthcare burden.

On an individual patient level, the results provide a rationale for clinicians to consider LE8 status in OAB
risk assessment and counsel patients on lifestyle changes for better bladder control'2. This represents a shift from
compartmentalized care focusing only on the bladder, towards whole-person preventive health!'’. Realizing such
integrated care models will require cross-disciplinary collaboration between urologists, primary care providers,
and other specialists®.

Ultimately, research on LE8 scores helps move the field towards prevention-oriented management?!. Further
studies elucidating lifestyle, behavioral and cardiovascular factors influencing OAB susceptibility will be
instrumental in this paradigm shift?2.

This study has several innovative aspects advancing our understanding of modifiable OAB risk factors. First,
it represents the first analysis linking the novel LE8 cardiovascular health score, representing a constellation of
lifestyle, clinical and biological factors, to OAB susceptibility?®. This moves beyond conventional risk factors
to a more integrated metric encompassing overall wellbeing. Second, the use of robust statistical techniques
including RCS and WQS regression provides rigorous delineation of the relationship between LE8 and OAB.
The dose-response curve and identification of key LE8 drivers are significant methodological strengths.
Third, the dissection of individual contributions of LE8 components is highly innovative, revealing glycemic
control as the most impactful element®. This granular analysis of a composite risk metric is novel in the OAB
literature and generates actionable insights for targeted preventive approaches'2. Overall, the analytical strategies
overcome limitations of previous observational research and provide high-quality evidence to motivate lifestyle
optimization for maintaining bladder health!®. This study exemplifies the type of innovative methodology
required to advance our understanding of modifiable determinants of OAB?!.

Scientific Reports |

(2025) 15:5760 | https://doi.org/10.1038/s41598-025-90438-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

This study has certain limitations intrinsic to cross-sectional analyses that warrant acknowledgement. First,
the cross-sectional design precludes causal inference, and reverse causation remains possible if OAB leads to
decreased physical activity and subsequent worsening of LE8 metrics*%. To establish temporality, large-scale
longitudinal cohorts tracking LES status and onset of OAB over time are needed?. Second, self-reported data on
OAB symptoms and LE8 components like diet and exercise carries potential for recall bias. However, NHANES
uses well-validated instruments administered by trained staff to maximize accuracy®. Third, using a composite
of multiple predictors to define a multifactorial syndrome like OAB can complicate result interpretation. Our
goal was to explore how integrating diverse factors could provide a more comprehensive understanding of OAB.
Additionally, we employed Weighted Quantile Sum (WQS) regression to assess the individual contributions of
these factors, aiming to generate actionable insights for real-world application. We anticipate further research
to refine and enhance its broader implementation. Finally, one-time assessment of LE8 may not fully reflect
long-term exposure to poor cardiovascular health markers, which would be better captured through repeated
measurements?’.

This research motivates several fruitful avenues for future investigation. Longitudinal cohort studies tracking
LE8 status over years or decades could elucidate whether optimal cardiovascular health metrics assessed
earlier in life predict lower OAB incidence with aging. Large, multi-center trials are needed to determine if
lifestyle interventions targeting LE8 improvement can reduce downstream OAB risk?®. Studies in more diverse
populations can evaluate generalizability of associations across racial/ethnic groups. Finally, research on
pathologic mechanisms is warranted to explain observed epidemiological links between cardiovascular health
metrics and OAB susceptibility?!.

Conclusions

This study provides evidence of an inverse relationship between cardiovascular health as assessed by LE8 metrics
and risk of developing overactive bladder syndrome. The findings point to lifestyle optimization as a promising
strategy for OAB prevention, building on past research demonstrating links between glycemic control, BMI,
nicotine exposure and urinary symptoms. This work advances a conceptual shift from compartmentalized
urologic care towards integrated models leveraging lifestyle, behavioral and cardiovascular factors to promote
bladder health. Additional research in large, diverse populations confirming the preventive potential of ideal
cardiovascular health behaviors is still needed to translate these observational data into effective OAB prevention
policies and clinical recommendations.

Data availability

Publicly available datasets were analyzed in this study. These data can be found at: www.cdc.gov/nchs/nhanes/.
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