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Objectives: To investigate the independent and combined associations of sleep
duration and sleep disorders with the risk of overactive bladder (OAB) and
identify threshold effects of sleep duration on OAB.

Methods: Data from the NHANES (2005-2018) were analyzed, including 27,302
adults, among whom 5,601 (20.5%) were diagnosed with OAB. Associations
between sleep duration (< 6 h, > 6 to < 9 h, > 9 h), sleep disorders, and OAB
risk were assessed using multivariable logistic regression, restricted cubic splines
(RCS), and smooth curve fitting, adjusting for demographic, socioeconomic,
lifestyle, and health-related covariates.

Results: A significant non-linear, U-shaped relationship between sleep duration
and OAB risk was observed. Compared to individuals with a sleep duration of
6-9 h, those with short sleep duration (< 6 h) had a slightly lower risk of OAB
(OR = 0.94), while those with long sleep duration (> 9 h) had a significantly
higher risk (OR = 2.54). Self-reported sleep disorders independently elevated the
risk of OAB (OR = 1.46). RCS analysis identified 6 h of sleep as a critical inflection
point.

Conclusion: This study reveals a U-shaped relationship between sleep duration
and the risk of overactive bladder (OAB), with both short (< 6 h) and long (> 9 h)
sleep durations increasing OAB risk. These findings highlight the importance
of sleep management in OAB care. Behavioral interventions, including sleep
hygiene education and bladder training, may help mitigate symptoms and
improve patient outcomes.
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1 Introduction

Overactive bladder (OAB) is a chronic lower urinary tract
dysfunction syndrome characterized by symptoms such as urinary
urgency, urinary frequency and nocturia, which seriously affects
patients’ quality of life and psychological health (1). The
global prevalence is about 10%-16%, and the prevalence of
OAB is on the rise with the aging of the population (2).
According to epidemiologic estimates, more than 460 million
adults worldwide are afflicted by OAB, and its direct medical
costs and indirect economic burden are increasing each year,
with associated health expenditures projected to increase by
42% by 2030 (3). The pathogenesis of OAB is complex and
involves a multifactorial interaction of bladder sensory nerve
abnormalities, detrusor overactivity, and imbalance of central
nervous system regulation (4). In addition to non-modifiable
risk factors such as age and gender, lifestyle factors, such as
fluid intake patterns and sedentary habits, have been shown to
be strongly associated with symptom exacerbation in OAB (5,
6), suggesting that intervening with these modifiable behavioral
factors may be an important direction in the management
of OAB.

Behavioral therapy is the first-line treatment strategy for
OAB, and studies have shown that lifestyle modifications such as
bladder training and fluid management are effective in relieving
symptoms in 30%-50% of patients (7, 8). In recent years,
more and more studies have begun to focus on the potential
impact of sleep on bladder function, which is considered to
be a central aspect of circadian rhythm regulation and may
play an important role in bladder function through the neuro-
endocrine-immune axis (9). Clinical observations have found
that abnormal sleep duration is closely associated with increased
frequency of nocturia and decreased bladder capacity (10, 11),
while sleep disorders such as insomnia and sleep apnea, which
are linked to sympathetic activation and can also exacerbate
headaches and orofacial pain, may further destabilize the urethral
muscle (12-14). In addition, there may be a bidirectional
relationship between sleep quality and OAB symptoms: increased
frequency of nocturia may lead to sleep fragmentation, while sleep
deprivation may exacerbate sensory hypersensitivity of the bladder
through elevated levels of inflammatory factors (e.g., IL-6, TNF-
a) (15).

However, existing studies have mainly focused on a single
sleep dimension, with fewer systematic explorations of the
combined effects of sleep duration and sleep disorders. Despite
the growing interest in the potential value of sleep health in the
management of OAB, there is still a lack of cross-sectional
evidence based on large sample populations to elucidate
the independent and synergistic effects of sleep duration
and sleep disorders on OAB. Therefore, using data from a
nationally representative health survey, this study is the first to
comprehensively assess the association patterns between sleep
duration and sleep disorders and the risk of OAB, aiming to
provide a new scientific basis for multidimensional behavioral
interventions for OAB. We hypothesize that both short and
long sleep durations are associated with an increased risk
of OAB, and that this effect is modified by the presence of
sleep disorders.
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2 Materials and methods

2.1 Study cohorts

The National Health and Nutrition Examination Survey
(NHANES) is a comprehensive cross-sectional study aimed at
assessing the health and nutritional profiles of both adults
and children across the United States. Utilizing a complex,
multistage probability sampling approach, NHANES ensures the
collection of data from a representative cohort of the non-
institutionalized civilian population. Data acquisition is achieved
through a combination of structured household interviews,
detailed physical examinations conducted at mobile examination
centers, comprehensive laboratory analyzes, and health-related
questionnaires (16, 17). All datasets utilized and examined in this
study are publicly available and can be accessed via the official
NHANES website.!

Initially, 70,190 participants (> 18 years) were enrolled
from seven 2 years cycles of NHANES (2005-2018). After data
consolidation, we sequentially excluded 25,654 individuals with
invalid sleep duration data, 10,287 with missing OAB status,
2,875 with incomplete poverty-income ratio (PIR), and 1,898
with undocumented drinking status. Further exclusions comprised
1,130 participants lacking systemic inflammation index (SII), 347
with missing albumin-to-creatinine ratio (ACR), 308 with invalid
body mass index (BMI), 303 with incomplete depression data, 32
with undocumented education level, 22 with unverified diabetes
status, 17 with incomplete smoking records, and 15 with missing
marital status. Ultimately, 27,302 eligible adults were included in
the final analysis, with 5,601 (20.5%) classified as OAB cases and
21,701 (79.5%) as non-OAB controls (Figure 1).

2.2 Ethical approval and participant
consent

The data analyzed in this research were sourced from the
publicly available NHANES database. The study protocols received
formal approval from the Research Ethics Review Board (ERB)
of the National Center for Health Statistics (NCHS). Prior to
participation, written informed consent was obtained from all
individuals involved in the survey. Further details regarding ethical
compliance can be accessed at the official NHANES website (see
text footnote 1) (17)

2.3 Sleep-related variables

Sleep-related variables in this study were derived from the
NHANES Sleep Disorders Section. Specifically, sleep duration was
assessed using the variable “SLQO12: Sleep hours,” which asked
participants, “How much sleep do you usually get at night on
weekdays or workdays?” Valid responses ranged from 2 to 14.5 h,
with 33 missing entries. Sleep difficulties were assessed using
the variable “SLQO050: Ever told doctor had trouble sleeping?”

1 https://www.cdc.gov/nchs/nhanes/index.ntm
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FIGURE 1

Flowchart of the selection of participants from National Health and Nutrition Examination Survey (NHANES) 2005-2018.

Participants were asked, “Have you ever told a doctor or other
health professional that you have trouble sleeping?” Responses
included “Yes,” “No,” “Refused,” and “Don’t know.” Entries marked
as “Refused” or “Don’t know” were treated as missing data.

To ensure consistency across survey cycles, we used the SLQ012
variable to assess sleep duration in all NHANES cycles from
2005 to 2018. Although this self-reported variable is available in
a harmonized format across cycles, the original data collection
methods varied. Specifically, during the 2005-2014 cycles, sleep
duration was directly reported by participants in whole-hour
increments. In contrast, in the 2015-2018 cycles, sleep duration
was derived from reported bedtimes and wake-up times, and
then rounded to the nearest half hour. While SLQO012 provides
a standardized measure across cycles, potential inconsistencies in
underlying data collection procedures should be acknowledged as a
source of measurement variation.

2.4 Assessment of OAB

The diagnosis of OAB hinges on the presence of urge
urinary incontinence and nocturia, as defined by clinical criteria.
To operationalize this assessment, three core questions from
the NHANES Kidney Conditions-Urology questionnaire were
utilized:(1) During the past 12 months, have you leaked or lost
control of even a small amount of urine with an urge or pressure
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to urinate and you couldn’t get to the toilet fast enough? (2)
How frequently does this occur? (3) During the past 30 days,
how many times per night did you most typically get up to
urinate, from the time you went to bed at night until the time
you got up in the morning? Symptom frequencies were mapped
to the Overactive Bladder Symptom Score (OABSS) framework,
with nocturia and urgency incontinence scores derived from
standardized criteria (Table 1). A composite OABSS score was
generated by summing these sub-scores, and participants exceeding
a threshold of > 3 were classified as meeting clinical OAB
diagnostic criteria (18). According to the scoring criteria of the
Overactive Bladder Symptom Score (OABSS), nocturia frequency
was mapped to corresponding point values to generate the total
OAB score. Specifically, a frequency of 0 episodes per night was
scored as 0, 1 episode as 1 point, 2 episodes as 2 points, and 3 or
more episodes as 3 points. This conversion method was applied
to standardize symptom severity across participants and ensure
comparability with established clinical diagnostic thresholds.

2.5 Independent variables

To control for confounding effects, we included comprehensive
covariates in the analysis. Demographic covariates comprised
age (years), gender (male/female), and race/ethnicity (Mexican
American, Other Hispanic, non-Hispanic Black, non-Hispanic
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TABLE 1 Criteria for conversion of symptom frequencies recorded in
National Health and Nutrition Examination Survey (NHANES) and
Overactive Bladder Symptom (OABSS) scores.

According to NHANES According to OABSS
score score

Urge urinary incontinence Urge urinary incontinence score

frequency

Never 0
Less than once a month 1
A few times a month 1
A few times a week 2
Every day or night 3

Nocturia frequency score Nocturia frequency score

0 0
1 1
2 2
3 3
4 3
5 or score 3

Nocturia frequency scores were assigned as follows based on OABSS criteria: 0 times, 0
points; 1 time, 1 point; 2 times, 2 points; 3 or more times, 3 points.

White people, and Other Race). Socioeconomic factors included
the PIR, educational attainment (less than high school, high
school/GED, above high school), and marital status (married/living
with partner, widowed/divorced/separated, or never married).
Lifestyle covariates encompassed smoking status (never, former,
current smoker) and drinking behavior (never, low, or heavy
drinker). Health-related covariates incorporated hypertension
(yes/no), diabetes mellitus (yes/no), BMI (kg/mz), ACR (mg/g),
SII, depression status (yes/no), and sleep trouble (yes/no). These
variables were selected based on their established associations with
OAB pathophysiology and metabolic health, and were rigorously
adjusted for in multivariable models to mitigate confounding bias.

2.6 Statistical analysis

Analyzes were conducted using Empower version 4.2 (X&Y
Solutions, Inc., Boston, MA, United States) and R version 3.4.3 (R
Foundation for Statistical Computing). To account for NHANES’s
complex multistage probability sampling design, sampling weights
were incorporated in baseline population characterization and
multivariable logistic regression analyzes, with variance estimation
adjusted for clustering and stratification. Restricted cubic spline
(RCS) analysis was used to examine the non-linear relationship
between sleep duration and OAB risk. The RCS method allowed
for the flexible modeling of the association by allowing for different
effects at different levels of sleep duration. A segmented linear
regression model was then applied to identify the inflection point
for sleep duration, where the relationship between sleep duration
and OAB risk changed. This model helped identify the threshold
effect of sleep duration on OAB risk. However, subgroup analyzes
and smooth curve fitting were performed without weighting to
avoid potential overadjustment in stratified samples.
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Baseline characteristics were summarized as weighted
means =+ standard errors for continuous variables and weighted
frequencies with percentages for categorical variables. Group
differences between OAB and non-OAB participants were
evaluated using weighted chi-square tests (categorical variables)
and weighted ¢-tests (continuous variables).

Multivariable logistic regression models were developed
in Empower to assess associations between sleep duration
[categorized as < 6 h, > 6 to < 9 h (reference), and > 9 h] (19), self-
reported trouble sleeping (yes/no), and OAB risk. Three sequential
models were constructed: Model 1 (unadjusted), Model 2 (adjusted
for sex, age, and race/ethnicity), and Model 3 (fully adjusted for sex,
age, race/ethnicity, education level, marital status, PIR, BMI, ACR,
SII, smoking status, drinking status, hypertension, and depression).
Adjusted odds ratios (ORs) with 95% confidence intervals (Cls)
and trend P-values (calculated via the Cochran-Armitage test) were

reported to evaluate dose-response relationships.

3 Results

3.1 Characteristics of the study
population

This cross-sectional study included 27,302 U.S. adults
(NHANES 2005-2018), with 5,601 (20.5%) diagnosed with OAB.
Baseline characteristics demonstrated significant differences
between the OAB (N = 5,601) and non-OAB groups (N = 21,701).
The prevalence of OAB was highest in the group with sleep
duration 6-9 h (78.98%), followed by the group with sleep
duration < 6 h (10.82%) and the group with sleep duration > 9 h
(10.20%). The OAB group had a higher proportion of females
(55.45% vs. 49.82%, P < 0.001) and non-Hispanic White people
(23.76% vs. 20.22%). Marital status analysis revealed lower rates
of being married/cohabitating (56.76% vs. 61.04%) but higher
rates of widowhood/divorce/separation (27.12% vs. 20.81%) in
the OAB group (all P < 0.001). Educationally, OAB participants
exhibited a higher prevalence of less than high school education
(25.62% vs. 22.93%). Chronic disease profiles showed higher
diabetes prevalence (21.59% vs. 10.94%) but lower hypertension
rates (42.24% vs. 34.20%) in the OAB group. Psychosocial factors
indicated elevated rates of sleep trouble (32.48% vs. 24.13%)
and depression (15.05% vs. 7.14%) among OAB individuals (all
P < 0.001). Behaviorally, never drinkers were more common
in the OAB group (38.37% vs. 28.42%). The OAB group was
younger (48.51 £ 17.64 vs. 52.72 £ 17.87 years), had higher
BMI (29.97 + 7.31 vs. 29.05 + 6.87 kg/mz), and elevated SII
(584.72 4 4 11.45 vs. 534.12 £ 377.03) and ACR (64.02 + 456.64
vs. 40.64 £ 287.18 mg/g) (all P < 0.001). These findings underscore
significant associations between OAB and demographic disparities,
metabolic profiles, and psychosocial-behavioral factors (Table 2).

3.2 Logistic regression analyzes

Multivariate logistic regression analyzes showed a significant
association between sleep patterns and the risk of OAB. In a fully
adjusted model with > 6 to < 9 h as the reference group, short sleep
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TABLE 2 Baseline characteristics of the study participants.

Characteristics

OAB (N = 165,725,969)

10.3389/fmed.2025.1612280

No ‘ Yes
(N=138112181) | (N =27613788)
Gender (%) < 0.001
Male 50.18% 44.55% -
Female 49.82% 55.45% -
Race (%) < 0.001
Mexican American 15.28% 14.66% -
Other Hispanic 8.97% 9.53% -
Non-Hispanic Black 44.72% 42.81% -
Non-Hispanic White people 20.22% 23.76% -
Other race 10.81% 9.23% -
Marital status (%) < 0.001
Married or living with a partner 61.04% 56.76% -
Widowed/divorced/separated 20.81% 27.12% -
Never married 18.15% 16.12% -
Education (%) < 0.001
Less than high school 22.93% 25.62% -
High school or GED 22.71% 23.57% -
Above high school 54.36% 50.81% -
Diabetes mellitus (%) < 0.001
No 89.06% 78.41% -
Yes 10.94% 21.59% -
Smoking status (%) < 0.001
Never smoker 54.69% 50.71% -
Former smoker 24.27% 29.07% -
Current smoker 21.04% 20.23% -
Drinking status (%) < 0.001
Never drinker 28.42% 38.37% -
Low drinker 9.20% 8.46% -
heavy drinker 62.38% 53.17% -
Hypertension (%) < 0.001
No 65.80% 57.76% -
Yes 34.20% 42.24% -
Depression (%) < 0.001
No 92.86% 4,758 (84.95%) -
Yes 7.14% 843 (15.05%) -
Trouble sleeping (%) < 0.001
No 75.87% 67.52% -
Yes 24.13% 32.48% -
Age (years), mean =+ SD 52.72 +17.87 48.51 £+ 17.64 < 0.001
PIR, mean & SD 2.57 £1.63 2424159 < 0.001
BMI (kg/mz), mean £ SD 29.05 + 6.87 29.97 £7.31 < 0.001
ACR (mg/g), mean + SD 40.64 + 287.18 64.02 £ 456.64 < 0.001
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TABLE 2 (Continued)

10.3389/fmed.2025.1612280

Characteristics OAB (N = 165,725,969)
[\[e} ‘ Yes
(N=138112181) | (N =27613788)

SII, mean & SD 534.12 + 377.03 584.72 £ 411.45 < 0.001
Sleep duration < 0.001
>6,<9 85.20% 78.98% -
<6 11.09% 10.82% -
>9 3.70% 10.20% -

duration (< 6 h) was negatively associated with the risk of OAB
(Model 3: OR = 0.94, 95% CI: 0.81-0.98, P = 0.032), whereas long
sleep duration (> 9 h) was associated with a significantly higher risk
(Model 3: OR = 2.54, 95% CI: 2.09-3.08, P < 0.001). Self-reported
sleep disturbances independently increased the likelihood of OAB
(Model 3: OR = 1.46, 95% CI: 1.31-1.62, P < 0.001) (Table 3).

3.3 Smooth curve fitting and threshold
effect analysis

Restricted cubic spline analysis (Figure 2) revealed a significant
non-linear relationship between sleep duration and OAB risk (P
for non-linearity < 0.001). After adjusting for covariates including
gender, race, age, education level, marital status, PIR, BMI, ACR,
SII, smoking status, drinking status, and hypertension, a U-shaped
association was observed. Specifically, for each additional unit
of sleep duration (< 6 h), the risk of OAB decreases by 38%
(OR =0.62, 95% CI: 0.59-0.66, P < 0.001), whereas prolonged sleep
duration (> 6 h) increases the risk by 60% (OR = 1.60, 95% CI:
1.56-1.65, P < 0.001). The inflection point was identified at 6 h
using a two-segment linear regression model (Log-likelihood ratio
test, P < 0.001) (Table 4).

3.4 Subgroup analysis

Figure 3 presents a subgroup analysis of the association between
sleep duration and OAB risk across various demographic and
health-related factors. The analysis shows that the relationship
between sleep duration and OAB risk is consistent across most
subgroups, including BMI, education level, and PIR (P for
interaction > 0.05). However, age and diabetes status were
significant modifiers of the sleep-OAB association. For age,
individuals aged 60 years or older had a stronger association
between sleep duration and OAB risk (OR = 1.42, 95% CI: 1.36-
1.47, P < 0.001) compared to those under 60 (OR = 1.21, 95%
CI: 1.18-1.25, P < 0.001). For diabetes mellitus, individuals with
diabetes showed a weaker association between sleep duration and
OAB risk (OR = 1.15, 95% CI: 1.10-1.20) compared to those
without diabetes (OR = 1.31, 95% CI: 1.28-1.35). In terms of
drinking status, a significant modification of the association was
observed. Moderate drinkers had the strongest association between
sleep duration and OAB risk (OR = 1.52, 95% CI: 1.39-1.66,
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P < 0.001), while both never drinkers (OR = 1.21, 95% CI: 1.17-
1.25, P < 0.001) and heavy drinkers (OR = 1.30, 95% CI: 1.26-1.34,
P < 0.001) also showed significant associations, albeit with different
effect sizes.

4 Discussion

This study explored the non-linear association between sleep
duration and overactive bladder (OAB) risk using NHANES
2005-2018 data. Restricted cubic spline (RCS) analysis revealed a
significant non-linear relationship (P < 0.001), with an inflection
point identified at 6 h. Specifically, among individuals with sleep
durations of less than 6 h, the risk of OAB decreased as sleep
duration increased (OR = 0.94). In contrast, prolonged sleep
duration (> 6 h) was progressively associated with higher OAB
risk (OR = 1.60, 95% CI: 1.56-1.65, P < 0.001). This U-shaped
pattern was further supported by a segmented linear regression
model, which confirmed the threshold effect at 6 h.

While Table 3 presents results from categorical logistic
regression based on predefined sleep duration groups, the evidence
for a non-linear U-shaped association was primarily derived from
the RCS and threshold effect models (Figure 2 and Table 4). These
methods allowed for a more flexible and detailed characterization
of risk across the full spectrum of sleep duration—capturing trends
that may not be evident in categorical comparisons alone.

These findings are consistent with previous studies
emphasizing the critical role of sleep quality in OAB risk. For
example, Lu et al. reported a significantly higher risk of OAB
in individuals with poor sleep patterns (OR = 1.38), a finding
consistent with our finding of sleep disruption as a risk factor for
OAB (20). In addition, Ge et al. (21) associated sleep disruption
with more severe OAB symptoms, while Cheng et al. documented
a synchronization of increased sleep disorders with increased
prevalence of OAB among men in the United States (22, 23).
However, unlike these studies, studies focusing on specific
populations, such as Guzelsoy et al. and Clerget et al. have
focused on hypoxia-driven OAB in patients with obstructive
sleep apnea (OSA) (24). In contrast, our population-based study
identified sleep disorders as an independent risk factor for
OAB, suggesting that there may be broader mechanisms beyond
OSA-associated hypoxia, such as circadian rhythm disruption or
autonomic dysfunction.

An innovative aspect of this study was the identification of
a threshold of 6 hours of sleep duration, a finding that has
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TABLE 3 Odds ratios and 95% confidence intervals for overactive bladder (OAB) according to sleep duration and trouble sleeping.

Model 1 Model 2 Model 3

Characteristics

OR (95% Cl) OR (95% Cl) OR (95% Cl)

Sleep duration 138 (1.33,1.43) < 0.001 1.33 (1.29, 1.38) < 0.001 1.34(1.29, 1.39) < 0.001
>6,<9 Ref - Ref - Ref -
<6 1.05 (0.92, 1.20) 0.4483 0.87 (0.76, 1.00) 0.0459 0.94 (0.81, 0.98) 0.032
>9 2.97 (2.59, 3.41) < 0.001 2.43 (2.01,2.94) < 0.001 2.54 (2.09, 3.08) < 0.001
Trouble sleeping
No Ref - Ref - Ref -
Yes 1.45 (1.32, 1.61) < 0.001 1.50 (1.35, 1.66) < 0.001 1.46 (1.31, 1.62) < 0.001

Model 1: no covariates were adjusted. Model 2: adjusted for gender, race and age. Model 3: adjusted for gender, race, age, education level, marital status, poverty income ratio (PIR), body mass

index (BMI), albumin-to-creatinine ratio (ACR), systemic inflammation index (SII), smoking status, drinking status and hypertension. In sensitivity analysis, sleep duration was converted

from a continuous variable to a categorical variable (> 6 to <9, <6,>9).

P for overall < 0.001
P for nonlinear < 0.001

OAB
0.4

0.3
|

0.1

Sleep Duration

FIGURE 2

Non-linear relationship between sleep duration and overactive
bladder risk.

not been previously reported in epidemiologic studies. Unlike
intervention-based studies, such as Mirzayeva et al. who observed
linear improvements in the relief of nocturnal urinary frequency
with Briverm treatment and Li et al, who included sleep in a
composite index of cardiovascular health (LE8), the non-linear
association we found emphasizes the dual role of sleep duration
in the pathophysiology of OAB that may reflect differences in
biological pathways between short and long sleep duration (20,
25). These new insights expand our understanding of sleep-OAB
interactions and highlight the need for personalized interventions
targeting sleep quantity and quality in reducing the burden of OAB.

The observed non-linear association between sleep duration
and OAB risk may be attributed to different physiologic
mechanisms operating at different sleep thresholds. Short sleep
duration (< 6 h) may cause sympathetic nervous system (SNS)
overactivity, which may paradoxically inhibit urethral muscle
overactivity in the acute phase through P3-adrenergic receptor-
mediated bladder relaxation, as shown by sleep deprivation in
animal models (26). However, chronic sleep restriction may
disrupt neurotransmitter homeostasis, particularly serotonin and
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TABLE 4 Threshold effect analysis of sleep duration on
overactive bladder (OAB).

Variable | OR 95%Cl | P-value
Sleep duration 1.28 (1.25, 1.30) < 0.001
Inflection point

<6 0.62 (0.59, 0.66) <0.001
>6 1.60 (1.56, 1.65) < 0.001
P for log-likelihood ratio test - - < 0.001

Adjusted for gender, race, age, education level, marital status, poverty income ratio (PIR),
body mass index (BMI), albumin-to-creatinine ratio (ACR), systemic inflammation index
(SII), smoking status, drinking status and hypertension.

dopamine, which are critical for regulating bladder afferent
signaling and central inhibitory pathways (27, 28). Conversely,
prolonged sleep may reflect underlying systemic inflammation
or circadian rhythm misalignment. Elevated levels of pro-
inflammatory cytokines (e.g., IL-6, TNF-a) associated with
excessive sleep have been shown to increase bladder permeability
and sensitize afferent nerves, which may exacerbate OAB
symptoms (29, 30). Further, circadian rhythm misalignment due to
irregular sleep-wake patterns may impair hypothalamic regulation
of bladder function, including control of urinary aquaporin-2
channels and nocturnal urine production in the supraoptic nucleus
(31-33). These bidirectional mechanisms highlight the complexity
of the role of sleep duration in the pathophysiology of OAB.

In addition to the findings on the U-shaped relationship
between sleep duration and overactive bladder (OAB), it is
important to note that sleep hygiene guidelines generally
recommend a minimum of 7 h of sleep per night for
optimal health. Consistent with current sleep recommendations,
this amount of sleep is essential for restorative functions,
including physical recovery and cognitive performance, and
may play a role in managing OAB symptoms. Sleep durations
shorter or longer than this threshold can potentially disrupt
physiological processes, contributing to various health issues,
including bladder dysfunction.

Furthermore, the subgroup analyzes shown in Figure 3 revealed
a complex relationship between sleep duration and OAB risk,
which was significantly moderated by age, diabetes status, and
drinking habits. Firstly, the moderating effect of age may be closely
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Subgroup analysis of the association between sleep duration and overactive bladder (OAB) risk.

related to physiological changes during aging. With aging, the
body’s metabolic and neuroregulatory capacity gradually declines,
especially in the control of urinary tract and the regulation of
nocturnal awakenings. The higher risk of OAB in people over
60 years of age may be due to the circadian clock misregulation and
nervous system dysfunction caused by aging (34), which makes the
effect of sleep on bladder function more significant. The weakening
effect of diabetes on the relationship between sleep and OAB may be
related to the dysfunction of autonomic nervous system caused by
diabetes. Diabetic patients are often accompanied by neuropathy,
especially in the sensory and motor nervous systems of the bladder,
resulting in reduced sensitivity and functional regulation of the
bladder (35), thereby weakening the effect of sleep on the risk
of OAB. In addition, metabolic dysregulation in diabetic patients
may further affect the physiological mechanisms of nocturnal urine
production and excretion (36). In terms of drinking status, the
significant association among moderate drinkers may be related to
the effect of alcohol on sleep quality. Alcohol can aggravate OAB
symptoms by disrupting the structure of sleep, especially during
deep sleep and rapid eye movement (REM) sleep stages (37). The
diuretic effect of alcohol may also exacerbate frequent urination at
night and increase the risk of OAB (38). However, although the
association with OAB was stronger between heavy drinkers and
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never drinkers, the difference in effect size suggests that drinking
frequency and the effects of alcohol on the neuroendocrine system
have an important modulatory role (39).

The positive association between sleep disorders and OAB
risk may involve interrelated pathways in the neuroendocrine
and autonomic nervous systems. Sleep disorders such as
insomnia or OSA persistently activate the hypothalamic-pituitary-
adrenal (HPA) axis, leading to elevated levels of cortisol and
catecholamines, which may directly potentiate the excitability of
bladder afferent nerves and the contractility of the forced urethra
(40). In OSA, intermittent hypoxia-reoxygenation cycles induce
oxidative stress and endothelial dysfunction, which may damage
bladder neuromuscular junctions and promote overactivity (41). In
addition, sleep fragmentation disrupts thalamo-cortical pathways
responsible for regulating bladder sensation during non-rapid eye
movement sleep, thereby lowering the threshold of awareness of
urinary urgency (42). Neuroimaging studies further suggest that
chronic sleep disorders alter functional connectivity between the
insular cortex, which is associated with visceral perception, and
the prefrontal cortex, which is responsible for inhibitory control,
potentially amplifying the importance of bladder signaling (43-45).

This study explored the relationship between sleep duration
and OAB while controlling for key confounders. However, several
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limitations must be considered. First, OAB diagnosis was based
on symptomatic criteria, not urodynamic validation, which may
lead to misclassification of bladder disorders. Second, self-reported
sleep duration is prone to measurement errors, with participants
often overestimating or underestimating their sleep by 30-60 min.
This could lead to non-differential misclassification, especially
in individuals with sleep disorders or chronic conditions. If the
error is systematic in the OAB group (e.g., individuals with
nocturnal urgency reporting shorter sleep), it may introduce bias.
Moreover, although we utilized the harmonized SLQ012 variable
to maintain consistency in sleep duration measurement across all
NHANES cycles, it is important to acknowledge the underlying
heterogeneity in the original data collection methods. Earlier
cycles (2005-2014) directly asked participants to report their usual
sleep duration in whole hours, whereas later cycles (2015-2018)
estimated sleep duration based on reported bedtimes and wake-
up times. Although SLQO12 standardizes these inputs, variations in
data precision and recall bias may introduce subtle misclassification
or measurement error. Future studies using objectively measured
sleep duration (e.g., actigraphy) are needed to validate these
findings. Additionally, due to the cross-sectional design, causality
cannot be determined. OAB may cause nocturnal awakenings
and shorter sleep, or longer sleep may result from health
deterioration associated with OAB. This reverse causality could
explain the “short sleep ? lower OAB risk” relationship observed
in our study. Future prospective cohort studies with objective
sleep measurements (e.g., actigraphy or polysomnography) and
standardized urodynamic assessments are needed to clarify the
causal relationships between sleep and OAB.

5 Conclusion

This
relationship between sleep duration and the risk of overactive
bladder (OAB). Specifically, individuals with sleep durations of
less than 6 h exhibited a reduced risk of OAB, while those with
prolonged sleep durations (> 9 h) had a significantly higher risk.

study reveals a significant U-shaped non-linear

These findings underscore the importance of managing sleep
patterns as part of the clinical approach to OAB.

Given the clinical implications, it is crucial to consider both
sleep quality and duration when evaluating and managing OAB
in patients. Behavioral interventions, such as sleep hygiene
education, could be beneficial. Recommendations may include
promoting a consistent sleep schedule, reducing caffeine and
alcohol intake in the evening, and creating a comfortable
sleep environment. Additionally, interventions like bladder
training and fluid management can complement sleep-based
treatments, potentially reducing the frequency and severity of OAB
symptoms. Implementing these personalized sleep and behavioral
interventions could significantly improve patient outcomes and
enhance the overall management of OAB.
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