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Background: Urinary incontinence (UI) is a common health issue among women, and dyslipidemia has been suggested as a potential
novel risk factor. The ratio of non-high-density lipoprotein cholesterol to high-density lipoprotein cholesterol (NHHR) provides
a comprehensive assessment of lipid metabolism imbalance. However, its association with Ul remains unclear. This study aimed to
investigate the relationship between NHHR and UI in adult women.

Methods: This cross-sectional study utilized data from the National Health and Nutrition Examination Survey (NHANES) conducted
between 2005 and 2018. A total of 13,885 adult women were included. UI and its subtypes were assessed via structured ques-
tionnaires, and NHHR was calculated accordingly. Multivariable logistic regression models were used to examine the association
between NHHR and UI. Smooth curve fitting and threshold effect analysis were applied to explore potential nonlinear relationships.
Subgroup analyses were conducted to evaluate heterogeneity across different populations. Sensitivity analyses were conducted to
verify the robustness of the study results.

Results: NHHR was significantly positively associated with stress urinary incontinence (SUI). In the fully adjusted model, each 1-unit
increase in NHHR was associated with a 7.5% higher risk of SUI (OR = 1.075, 95% CI: 1.027-1.126). Participants in the highest
NHHR quartile (Q4) had a 32.0% higher risk of SUI compared to those in the lowest quartile (Q1) (OR = 1.320, 95% CI:
1.133-1.539). Smooth curve fitting revealed a nonlinear relationship between NHHR and UI, with an inflection point at 3.281. The
positive association between NHHR and SUI was more pronounced among women with body mass index (BMI) >30 kg/m? and those
with insufficient physical activity. However, after adjusting for potential confounders, no significant associations were observed
between NHHR and urgency urinary incontinence (UUI) or mixed urinary incontinence (MUI). The results of the sensitivity analyses
were consistent with the main findings.

Conclusion: NHHR showed a positive association with SUI, particularly among women with obesity and low physical activity. These
findings underscore the potential of NHHR as a novel biomarker for SUI risk stratification and suggest that targeting lipid imbalances
through lifestyle interventions could contribute to reducing the burden of SUI. Further research is warranted to elucidate the
underlying mechanisms and to evaluate the potential of NHHR as a therapeutic target in the prevention and management of SUI.
Keywords: urinary incontinence, stress urinary incontinence, NHHR, NHANES

Introduction

Ul is a prevalent chronic health condition worldwide, with particularly high incidence rates among middle-aged and
postmenopausal women, affecting approximately 44% to 57% of this population.' Beyond its physical implications—
such as limiting daily activities—UI significantly impacts mental health by contributing to anxiety and depression, and it
interferes with social, occupational, and familial functioning, thereby greatly diminishing overall quality of life.> On
a societal level, Ul poses a substantial economic burden. In the United States alone, the direct healthcare cost of
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managing Ul reached an estimated $82.6 billion in 2020.° Given these widespread adverse consequences, identifying
modifiable risk factors and implementing effective preventive strategies are of critical importance.

Ul is recognized as a multifactorial condition, with established risk factors including advanced age, parity, history of
pelvic surgery, and chronic comorbidities such as diabetes and hypertension.* In recent years, increasing evidence has
suggested that dyslipidemia may represent a novel risk factor for UL The proposed mechanisms include the induction of
oxidative stress and vascular endothelial dysfunction, leading to ischemic and fibrotic changes in bladder and urethral
tissues, which may contribute to UI pathogenesis.” Moreover, hyperlipidemia has been associated with structural and
functional abnormalities of the lower urinary tract.® However, studies investigating the relationship between lipid
metabolism and UI remain limited, particularly those examining comprehensive lipid indices.

UI subtypes may be differentially affected by metabolic and structural factors. SUI has been consistently linked to
structural and functional deficits of the urethra and bladder neck, along with compromised support from the striated
urethral sphincter and levator ani muscles, resulting in reduced urethral closure pressure and bladder neck incompetence.’
In contrast, UUI and MUI are primarily associated with detrusor overactivity, altered neurological regulation, and
functional bladder abnormalities rather than structural weakness.® Moreover, components of metabolic syndrome,
including dyslipidemia, obesity, and insulin resistance, are more prevalent among women with SUI than in continent
women, suggesting that metabolic disturbances may exacerbate underlying structural vulnerability in the pelvic floor.”
Collectively, these findings support the hypothesis that SUI is particularly sensitive to metabolic and lipid-related factors,
whereas UUI and MUI are likely less affected by these pathways.

NHHR has emerged as a novel and integrated indicator for evaluating lipid metabolism disorders. NHHR reflects both
the atherogenic lipoprotein burden and overall cardiometabolic risk, by combining the adverse effects of non-HDL-C
with the protective role of HDL-C. Compared with single lipid parameters, NHHR offers a more comprehensive and
accurate assessment of lipid dysregulation.'® Prior research has shown strong associations between the NHHR and
various metabolic disorders. For example, NHHR outperforms non-HDL-C, HDL-C, and LDL-C/HDL-C in predicting
metabolic dysfunction-associated steatotic liver disease (MASLD) among US adults, with receiver operating character-
istic (ROC) analysis demonstrating superior discriminatory ability.'" Similarly, NHHR demonstrates stronger predictive
value for MASLD than non-HDL-C and HDL-C, with Cox regression indicating a 134% higher risk in the highest
quartile, further emphasizing its robust association with metabolic outcomes.'? Elevated NHHR levels are also associated
with U-shaped or L-shaped relationships with all-cause and cardiovascular mortality in individuals with diabetes'® and
are associated with psychiatric conditions, including depression.'* Despite these findings, the relationship between
NHHR and UI has not yet been systematically explored.

Therefore, this study aims to examine the association between NHHR and UI among adult women using data from the
NHANES. NHANES was selected because it provides a large, nationally representative sample with standardized
laboratory measurements and comprehensive health questionnaires, allowing robust and generalizable evaluation of
the associations between lipid parameters and urinary incontinence.

Materials and Methods
Study Design and Population

The NHANES is a comprehensive nationwide study conducted by the National Center for Health Statistics to assess the
health and nutritional status of the US population. Although NHANES has received ethical approval, this study was also
reviewed and approved by the Ethics Committee of Yueqing Affiliated Hospital of Wenzhou Medical University (approval
number: YQYY202500123). Given the cross-sectional design of this study, the results reflect the presence of urinary
incontinence (SUI, UUI, and MUI) at a specific time point rather than incident cases. This study utilized NHANES data
spanning 2005-2018 and analyzed NHHR and Ul-related data from participants with complete information.

Of the initial 70,190 participants, individuals were excluded for the following reasons: age <20 years (n = 30,441),
missing data on UI (n = 3,109), missing NHHR values (n = 3,891), male participants (n = 16,105), and missing covariate
information (n = 2,759). After these exclusions, a total of 13,885 adult women were included in the final analysis
(Figure 1).
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Figure | Study flow chart of participant involvement.

Assessment of NHHR

The NHHR was calculated using data from the NHANES laboratory files “HDL.Doc” and “TCHOL.Doc.” NHHR was
defined as the ratio of non-high-density lipoprotein cholesterol (non-HDL-C) to high-density lipoprotein cholesterol
(HDL-C), where non-HDL-C was computed by subtracting HDL-C from total cholesterol (TC)."* All cholesterol
concentrations were expressed in mmol/L.
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Assessment of Urinary Incontinence

The primary outcome of this study was the presence of Ul, categorized into three major subtypes: SUI, UUI, and MUI.
These categories were determined based on two specific self-reported questions in the NHANES questionnaire, each
requiring a binary (yes/no) response. This method of classifying Ul subtypes through self-report has been validated for
both reliability and accuracy.'

SUI was characterized by involuntary urine leakage during physical activities. It was defined by an affirmative
response to the question: “During the past 12 months, have you leaked or lost control of even a small amount of urine
during activities such as coughing, lifting, or exercising?”UUI was defined as leakage caused by an inability to reach the
toilet in time due to a sudden, compelling urge to urinate. It was based on an affirmative response to the question:

During the past 12 months, have you leaked or lost control of even a small amount of urine because of a sudden urge to urinate
or pressure to urinate, and you could not get to the toilet fast enough?

MUI was defined as the concurrent presence of both SUI and UUI symptoms. Participants who gave ambiguous or
missing responses to these questions were excluded to ensure clear outcome classification.

Covariates

Potential confounding variables were identified based on prior literature'®'’

and included the following: age, race/
ethnicity, marital status, poverty income ratio (PIR), smoking status, alcohol consumption, physical activity, BMI,
hypertension, diabetes, cardiovascular disease (CVD), number of childbirths, history of cesarean section, hysterectomy,
and hormone use. Due to a high proportion of missing data for alcohol consumption, vaginal delivery, and cesarean
section, these missing values were treated as separate categories (ie, coded as “missing value”). Detailed definitions and
coding procedures for all variables are provided in Supplementary Material Table 1.

Statistical Analysis

Given the complex, multistage, stratified probability sampling design of NHANES, all statistical analyses were conducted in
accordance with official NHANES analytic guidelines, incorporating appropriate sampling weights to ensure national
representativeness. In descriptive analyses, continuous variables were presented as weighted means, while categorical
variables were expressed as weighted percentages. The association between NHHR and UI was examined using three
multivariable logistic regression models: Model 1: unadjusted; Model 2: adjusted for age, ethnicity, marital status, and PIR;
Model 3: further adjusted for BMI, smoking, alcohol consumption, physical activity, hypertension, diabetes, cardiovascular
disease, cesarean section history, number of vaginal deliveries, hormone use, and hysterectomy status.

NHHR was also categorized into quartiles (Q1: < 1.77; Q2: 1.77-2.39; Q3: 2.39-3.24; Q4: > 3.24) to evaluate its
potential dose-response relationship with Ul using tests for trend across quartiles. Nonlinear associations were assessed
using threshold effect analysis and smooth curve fitting. Subgroup analyses were conducted to explore potential effect
modification and heterogeneity across different strata. Additionally, sensitivity analyses were conducted to assess the
robustness of the observed associations. After excluding participants with missing covariate data, NHHR was categorized
into quartiles and tertiles. Weighted multivariable logistic regression analyses were then repeated to evaluate the
association with UI subtypes. All statistical analyses were performed using EmpowerStats (version 4.2) and
R software (version 4.3.0). A two-sided p-value < 0.05 was considered statistically significant.

Results

Baseline Characteristics of the Participants

A total of 13,885 participants were included in this study, with a mean age of 48.63 years. Based on NHHR quartiles,

significant differences were observed across groups in terms of age, PIR, BMI, HDL-C and TC (all p < 0.0001).

Participants in the Q4 tended to be older, had lower PIR, higher BMI, and more pronounced lipid abnormalities.
Regarding ethnicity, the proportion of Mexican American participants was highest in Q4. In terms of marital status,

the prevalence of divorce was also greatest in Q4. Participants in the Q4 group exhibited a significantly higher prevalence
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of hypertension and diabetes (both p < 0.0001). The incidence of all three UI subtypes (SUI, UUI, and MUI) was highest
in the Q4 group.

Obstetric history showed that a history of >3 vaginal deliveries and prior cesarean sections was more common in Q4.
Additionally, rates of hysterectomy and smoking were significantly elevated in the Q4 group (both p < 0.0001), while

participation in physical activity was the lowest among these participants (Table 1).

Table | Baseline Characteristics of Participants Stratified by NHHR Quartiles

Total Ql Q2 Q3 Q4 p-value
(n=13885) | (n=3469) | (n=3473) | (n=3471) | (n=3472)
Age (years) 48.63 46.85 48.43 49.46 49.98 <0.001
PIR 2.96 3.20 3.09 2.88 2.64 <0.001
BMI (kg/m? 29.30 25.89 28.69 30.91 3215 <0.001
HDLC (mmol/l) 1.52 1.94 1.60 1.39 .13 <0.001
TC (mmol/l) 5.12 4.56 491 523 5.87 <0.001
NHHR 2.59 1.38 2.08 2.78 433 <0.001
Race, % <0.001
Mexican American 7.34 5.41 6.29 8.68 9.28
Other hispanic 5.16 4.72 5.02 5.08 591
Non-hispanic white 69.64 69.76 70.26 69.42 69.07
Non-hispanic black 10.87 12.90 10.76 10.68 8.92
Other races 6.98 7.20 7.68 6.15 6.82
Marital status, % <0.001
Married 53.12 51.81 52.83 56.00 51.89
Single 8.94 7.86 9.40 9.11 9.46
Divorced 12.44 10.86 11.71 12.24 15.21
Separated 2.60 2.46 2.47 2.80 2.71
Never married 15.58 19.26 15.97 14.05 12.63
Living with partner 7.31 774 7.61 5.79 8.10
Alcohol consumption, % 0.002
Yes 748 7.25 6.61 7.17 9.04
No 78.57 81.33 79.20 77.45 75.96
Missing value 13.95 11.42 14.19 15.39 15.01
Hypertension, % <0.001
Yes 32.78 26.18 30.30 35.55 40.03
No 67.22 73.82 69.70 64.45 59.97
Diabetes, % <0.001
Yes 12.69 9.21 10.04 12.88 19.35
No 87.31 90.79 89.96 87.12 80.65
SUl, % <0.001
No 56.48 63.19 59.45 54.29 47.94
Yes 43.52 36.81 40.55 45.71 52.06
Uul, % 0.002
No 72.17 75.09 72.45 70.75 70.07
Yes 27.83 2491 27.55 29.25 29.93
MUI, % <0.001
No 83.35 86.59 84.60 82.53 79.18
Yes 16.65 13.41 15.40 17.47 20.82
CVD, % 0.074
Yes 7.58 7.12 7.08 722 9.03
No 92.42 92.88 92.92 92.78 90.97
(Continued)
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Table | (Continued).

Total Ql Q2 Q3 Q4 p-value
(n=13885) | (n=3469) | (n=3473) | (n=3471) | (n=3472)
PA, % <0.001
Yes 31.53 39.22 3435 27.95 2353
No 68.47 60.78 65.65 72.05 76.47
Number of vaginal deliveries, % <0.001
0 times 16.28 15.05 16.37 17.01 16.80
1-2 times 38.65 37.81 38.89 388l 39.17
23 times 27.03 22.68 25.78 28.76 31.49
Missing value 18.04 24.47 18.96 15.42 12.54
Cesarean delivery, % <0.001
Yes 18.93 14.97 19.14 19.92 22.12
No 26.45 26.95 26.50 25.92 26.39
Missing value 54.62 58.08 54.36 54.15 51.48
Hysterectomy, % <0.001
Yes 22.70 18.19 22.20 23.33 27.66
No 77.30 81.8l 77.80 76.67 72.34
Female hormones, % 0.052
Yes 22.95 2091 24.55 22.82 23.62
No 77.05 79.09 75.45 77.18 76.38
Smoking, % <0.001
Yes 38.98 36.01 36.34 37.48 46.86
No 61.02 63.99 63.66 62.52 53.14

Abbreviations: PIR, Poverty-Income Ratio; BMI, Body Mass Index (kg/mz); HDL-C, High-Density Lipoprotein Cholesterol (mmol/L);
TC, Total Cholesterol (mmol/L); NHHR, Non-HDL-C / HDL-C Ratio; SUI, Stress Urinary Incontinence; UUI, Urge Urinary Incontinence;
MUI, Mixed Urinary Incontinence; CVD, Cardiovascular Disease; PA, Physical Activity.

Association Between NHHR and Ul

As shown in Table 2, NHHR was positively associated with SUI across all three models. In the fully adjusted model
(Model 3), each 1-unit increase in NHHR was associated with a 7.5% increase in the risk of SUI (OR = 1.075, 95% CI:
1.027-1.126). Participants in the Q4 had a significantly higher risk of SUI compared to those in the Q1, with an OR of
1.320 (95% CI: 1.133-1.539; p for trend = 0.0003). For UUI, a significant association with NHHR was observed only in
the unadjusted model (Model 1) (OR = 1.066, p = 0.0002), but this association became non-significant after full
adjustment for covariates. As for MUI, a significant association persisted in Model 2 (OR = 1.109, p < 0.0001); however,
the association was attenuated and lost statistical significance in Model 3 (OR = 1.039, p = 0.1360). These findings
suggest that NHHR may be an independent risk factor for SUI, whereas its associations with UUI and MUI appear to be
confounded or mediated by other variables.

Smooth curve fitting demonstrated a nonlinear relationship between NHHR and SUI (Figure 2). The shape of the
dose-response curve suggested a potential threshold effect. As shown in Table 3, the inflection point was identified at an
NHHR value of 3.281 (P < 0.001). Below this threshold, each 1-unit increase in NHHR was associated with a significant
17.1% increase in the risk of SUI (OR = 1.171, 95% CI: 1.107-1.238). However, beyond the threshold, the association
was not statistically significant (P = 0.9437).

Subgroup Analysis of the Association Between NHHR and SUI

Table 4 presents the strength of the association between NHHR and SUI across various subpopulations, along with tests
for interaction. The results indicated that NHHR was significantly positively associated with SUI among participants who
were younger than 45 years, had a BMI >30 kg/m?, did not consume alcohol, did not engage in vigorous physical activity,
had no history of hypertension or cardiovascular disease, had no history of vaginal delivery, had a history of cesarean
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section, and had not undergone hysterectomy (all p < 0.05). Notably, BMI and physical activity demonstrated significant
effect modification on the association between NHHR and SUI (p for interaction < 0.05).

Sensitivity Analyses
To test the robustness of our findings, we further examined the association between NHHR and urinary incontinence after
excluding participants with missing data. When NHHR was categorized into quartiles (Supplementary Table S2), higher

levels were still significantly associated with an increased risk of SUIL In the fully adjusted model, the odds ratio was
1.412 (95% CI: 1.066—1.870) when comparing the highest with the lowest quartile (p for trend = 0.005). However, no
consistent associations were observed for UUI or MUI after full covariate adjustment. Similar results were obtained when
NHHR was categorized into tertiles (Supplementary Table S3), with the highest tertile associated with higher odds of
SUI (OR = 1.509, 95% CI: 1.185-1.922, p < 0.001), but not with UUI or MUI. These sensitivity analyses further confirm
the robustness of the observed association between elevated NHHR and SUI.

Discussion

This study comprehensively assessed the association between NHHR and UI. After adjustment for all covariates, NHHR
was significantly associated with SUI, but not with UUI or MUI (Table 2). Smooth curve fitting and threshold effect
analyses revealed a nonlinear relationship between NHHR and SUI. Subgroup analyses showed that this association was
particularly strong among women with obesity and low physical activity, suggesting greater predictive value of NHHR in
these populations (Figure 2; Tables 3 and 4). The attenuation of the association beyond the NHHR threshold of 3.281
(Table 3) suggests a saturation effect, whereby further lipid imbalance may not lead to additional increases in SUI risk.

Table 2 Weighted Multivariable Logistic Regression Analyses of the Association Between NHHR
and Urinary Incontinence

Model | Model 2 Model 3
OR (95% CI) OR (95% CI) OR (95% CI)

SuI

NHHR 1.189 (1.143, 1.238) <0.001 | 1.157 (1.110, 1.206) <0.001 1.075 (1.027, 1.126) 0.003
QI 0.28-1.77 Ref. Ref. Ref.

Q2 1.77-239 | 1.171 (1.036, 1.323) 0.013 1.120 (0.992, 1.265) 0.071 0.998 (0.883, 1.128) 0.969
Q3 2.39-3.24 | 1.446 (1.269, 1.647) <0.001 1.336 (1.169, 1.527) 0.001 1.113 (0.970, 1.277) 0.130
Q4 >3.24 1.865 (1.634, 2.127) <0.001 | 1.711 (1.499, 1.953) <0.001 | 1.320 (1.133, 1.539) <0.001
p for trend <0.001 <0.001 0.003

uul

NHHR 1.066 (1.031, 1.102) 0.002 1.033 (0.997, 1.070) 0.078 | 0.970 (0.932, 1.010) 0.140
QI 0.28-1.77 Ref. Ref. Ref.

Q2 1.77-2.39 | 1.147 (0.990, 1.327) 0.069 1.103 (0.944, 1.289) 0.221 0.996 (0.850, 1.167) 0.958
Q3 239-324 | 1.246 (1.091, 1.424) 0.002 1.144 (0.995, 1.316) 0.062 | 0.966 (0.836, 1.116) 0.638
Q4 >3.24 1.288 (1.112, 1.492) 0.001 1.151 (0.991, 1.336) 0.069 | 0.905 (0.773, 1.059) 0.217
p for trend 0.0003 0.047 0.172

MUI

NHHR 1.148 (1.103, 1.196) <0.001 | 1.109 (1.062, 1.159) <0.001 1.039 (0.988, 1.093) 0.136
QI 0.28-1.77 Ref. Ref. Ref.

Q2 1.77-239 | 1.176 (0.979, 1.411) 0.086 1.114 (0.926, 1.340) 0.257 1.001 (0.832, 1.205) 0.988
Q3 2.39-3.24 | 1.367 (1.156, 1.617) <0.001 1.237 (1.044, 1.464) 0.016 1.041 (0.868, 1.247) 0.667
Q4 >3.24 1.699 (1.437, 2.009) <0.001 | 1.492 (1.262, 1.763) <0.001 1.156 (0.963, 1.388) 0.123
p for trend <0.001 <0.001 0.094

Notes: Model |: Unadjusted.Model 2: Adjusted for age, ethnicity, marital status, and poverty income ratio (PIR).Model 3: Fully

adjusted for all covariates.

Abbreviations: NHHR, Non-HDL-C / HDL-C Ratio; SUI, Stress Urinary Incontinence; UUI, Urge Urinary Incontinence; MUI,

Mixed Urinary Incontinence.
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Figure 2 Smooth Curve Fitting for the Association Between NHHR and Ul. The curve shows a threshold effect at NHHR=3.281 (P for log-likelihood ratio < 0.001).

Clinically, this threshold could serve as a target for interventions, such as lipid-lowering therapies, aimed at preventing
SUI progression. The robustness of these findings was further confirmed in sensitivity analyses: after excluding
participants with missing values, categorization of NHHR into either quartiles or tertiles yielded consistent results,
with higher NHHR levels remaining significantly associated with increased SUI risk, but not with UUI or MUI
(Supplementary Tables S2—-S3).

Our findings are consistent with several recent studies linking dyslipidemia to urinary incontinence. For example, one
study showed that visceral adiposity index was positively associated with SUI, particularly in obese individuals,
suggesting that metabolic dysregulation driven by visceral fat accumulation may underlie the pathogenesis of SUL'’
Another study reported a significant association between the lipid accumulation product—an indicator of visceral obesity
and lipid dysfunction—and the prevalence of SUL'® Additionally, obese women have a significantly higher prevalence of
SUI compared to those of normal weight, and weight reduction has been shown to markedly alleviate SUI symptoms. An
earlier clinical trial demonstrated that moderate weight loss reduced the frequency of SUI episodes by approximately
50%." Collectively, these findings support the role of metabolic syndrome and its components, such as obesity and
dyslipidemia, in the development of SUI, forming a pathological link between metabolic dysfunction, pelvic floor
disorders, and SUI.

Table 3 Threshold Effect Analysis of the Association Between

NHHR and Ul
SUI P -value
OR (95% CI)
Fitting by two-piecewise linear model
The inflection point of NHHR 3.281
<3.281 I.171 (1.107, 1.238) | <0.001
23.281 0.998 (0.947, 1.052) 0.943
P for log-likelihood ratio <0.001

Abbreviations: NHHR, Non-HDL-C / HDL-C Ratio; SUI, Stress Urinary Incontinence.
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Table 4 Subgroup Analyses of the Association Between NHHR and SUI

N OR (95% CI) p value p for Interaction
Age (years) 0.804
<45 5788 1.079 (1.013, 1.149) 0.0204
45-60 3412 1.051 (0.984, 1.122) 0.1450
260 4685 1.062 (0.986, 1.144) 0.1141
BMI (kg/m?) 0.010
<25 4090 0.965 (0.888, 1.050) 0.4159
25-30 3956 1.075 (0.999, 1.156) 0.0566
230 5839 1.118 (1.048, 1.191) 0.0010
Smoking 0.999
Yes 5068 1.075 (1.006, 1.150) 0.0364
No 8817 1.075 (1.022, 1.132) 0.0069
Alcohol consumption 0.694
Yes 1008 1.067 (0.937, 1.214) 0.3324
No 10220 1.082 (1.025, 1.143) 0.0059
Missing value 2657 1.043 (0.971, 1.120) 0.2549
Physical activity 0.025
Yes 3727 1.002 (0.929, 1.080) 0.9655
No 10158 1.105 (1.048, 1.166) 0.0004
Hypertension 0.264
Yes 5084 1.047 (0.986, 1.113) 0.1386
No 8801 1.095 (1.032, 1.161) 0.0033
Diabetes 0.170
Yes 2351 1.147 (1.032, 1.275) 0.0126
No 11534 1.058 (1.005, 1.114) 0.0352
CvD 0.563
Yes 1258 1.046 (0.954, 1.147) 0.3452
No 12627 1.079 (1.026, 1.135) 0.0043
Number of vaginal deliveries 0.160
0 times 2213 1.129 (1.016, 1.256) 0.0273
1-2 times 4987 1.061 (0.995, 1.131) 0.0752
23 times 4520 1.037 (0.973, 1.105) 0.2654
Missing value 2165 1.159 (1.042, 1.289) 0.0082
Cesarean delivery 0.862
Yes 2754 1.093 (1.001, 1.192) 0.0498
No 3841 1.061 (0.979, 1.149) 0.1533
Missing value 7290 1.077 (1.017, 1.142) 0.0140
Female hormones 0.356
Yes 2762 1.114 (1.021, 1.216) 0.0178
No 11123 1.064 (1.010, 1.121) 0.0211
Hysterectomy 0.725
Yes 3212 1.064 (0.996, 1.137) 0.0687
No 10673 1.080 (1.020, 1.144) 0.0099

Abbreviations: BMI, Body Mass Index (kg/m?); CVD, Cardiovascular Disease.

NHHR, as an integrated marker reflecting the balance between atherogenic and protective lipoproteins, may influence

the pathophysiology of Ul through multiple pathways. From a vascular perspective, elevated NHHR indicates increased

risk of atherosclerosis, which may lead to microvascular damage in the pelvic floor, compromising blood supply to the

bladder and urethra.® Atherosclerosis-induced endothelial dysfunction can result in impaired pelvic microcirculation,

characterized by arteriolar sclerosis, luminal narrowing, and inadequate perfusion, ultimately leading to smooth muscle

atrophy, interstitial fibrosis, and degeneration of nerve terminals in the bladder and urethra. These pathological changes
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impair urethral sphincter contractility and reduce the mechanical support of the bladder neck.?' Animal studies have
shown that a high-cholesterol diet induces ischemic changes and collagen deposition in the bladder wall,” a phenomenon
consistent with the bladder fibrosis often observed in SUI patients.

At the molecular level, dyslipidemia associated with elevated NHHR can activate systemic low-grade inflammation.*?
Increased non-HDL-C promotes monocyte infiltration and the release of pro-inflammatory cytokines such as TNF-a and
IL-6, which have been shown to inhibit myogenic differentiation of muscle cells, reduce the number and contractility of
pelvic floor muscle fibers, and disrupt neuromuscular junction signaling, contributing to urethral sphincter
dysfunction.”*** Moreover, NHHR-related oxidative stress can result in excessive accumulation of reactive oxygen
species, activation of the NF-«kB signaling pathway, and upregulation of matrix metalloproteinases, which accelerate
collagen degradation in pelvic connective tissues and weaken structural support of the pelvic floor.?®

In contrast, the pathogenesis of UUI and MUI is primarily associated with abnormalities in neural regulation or
detrusor overactivity, which are less influenced by metabolic factors. These subtypes may involve more complex
mechanisms, such as neuropathy or chronic bladder inflammation.?® Additionally, the smaller number of cases for
these subtypes compared with SUI may have limited statistical power to detect significant associations. Residual
confounding or unmeasured mediators may also explain the lack of significant associations after covariate adjustment.

The stronger association between NHHR and SUI in women with BMI >30 kg/m? may be attributed to both
mechanical and metabolic factors. Obesity increases intra-abdominal pressure, which mechanically stresses the pelvic
floor and impairs its structural integrity.”” Concurrently, obesity-related dyslipidemia exacerbates vascular inflammation
and oxidative injury,”® which may synergistically enhance the NHHR-SUI relationship in this subgroup. The heightened
sensitivity observed in physically inactive individuals likely reflects the absence of protective effects provided by regular
exercise, which can improve lipid profiles, enhance pelvic floor muscle strength, and promote microcirculation.?*°
Notably, while hypertension is known to impair -adrenergic-mediated bladder relaxation and reduce perfusion to pelvic
tissues, increasing Ul risk,’! the stronger association in normotensive participants suggests that NHHR may act as an
independent pathogenic factor, whose effect is more evident when hypertension is not a confounder.

Clinically, NHHR may serve as a simple and practical screening tool for identifying women at increased risk of SUI,
particularly among those who are obese or physically inactive, among whom associations appear stronger. Monitoring
NHHR in these populations could help prioritize targeted preventive interventions. It is hypothesized that reducing
NHHR through lifestyle modifications, such as increased physical activity, dietary improvements, or pharmacological
strategies, may lower the risk of SUL'??*% Evidence that weight reduction can markedly alleviate SUI symptoms
supports these approaches, suggesting that NHHR could also serve as a targetable biomarker in future intervention
studies.

This study has several main strengths. It is the first study to investigate the association between NHHR and UI in
a nationally representative cohort using a novel and comprehensive lipid metabolism index. The analysis was based on
a large, nationally representative NHANES dataset with a rigorous sampling design and a robust sample size of 13,885
participants, which enhances the generalizability and statistical power of the findings. Furthermore, potential mechanisms
linking NHHR and UI were also systematically explored. Nonetheless, several limitations must be acknowledged. As this
is a cross-sectional study, causality cannot be inferred due to its design. UI was assessed through self-report and was not
confirmed by urodynamic testing, which may introduce recall bias or misclassification. Although multiple covariates
were adjusted for in the analysis, unmeasured factors such as medication use and psychological conditions may still
influence the results. Additionally, given that the study population was limited to US residents, caution should be
exercised when generalizing these findings to other populations.

Conclusion

This study identified a nonlinear positive association between NHHR and SUI, with a threshold at 3.281 beyond which
the association plateaus. It also explored potential inflammatory and metabolic mechanisms that may underlie this
association. However, given the cross-sectional design, causal inferences cannot be drawn. Future prospective cohort

studies and randomized controlled trials are needed to elucidate the causal relationship between NHHR and SUI.
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