Lu et al. BMC Urology (2023) 23:184
https://doi.org/10.1186/512894-023-01329-z

BMC Urology

Associations between overactive bladder @
and sleep patterns: a cross-sectional study
based on 2007-2014 NHANES

Zechao Lu'", Jiahao Zhang'", Shihao Lin?', Zhongxi Fan®', Zhaohui He'" and Fucai Tang"”

Abstract

Objectives To determine whether relationship exists between overactive bladder (OAB) and sleep patterns through
the cross-sectional study.

Patients and methods Patients from the National Health and Nutrition Examination Survey (NHANES) 2007-2014
were included in this study. Data were extracted through questionnaires, including demographics, dietary and health-
related behaviors, body measurements and disease information. Three sleep factors were included to aggregate
overall sleep scores, ranging from 0 to 3. A sleep score of 0 to 1, 2 or 3 was expressed as a bad, intermediate or healthy
sleep pattern, respectively. The Overactive Bladder Symptom Score (OABSS) scale was applied to quantify the severity
of OAB for each participant. Weighted logistic regression models were used to investigate the associations between
sleep and OAB.

Results A total of 16,978 participants were enrolled in this study. The relationship between OAB and sleep patterns
was statistically significant. After fully adjusting for confounding factors, the OAB risk of patients with intermediate
and poor sleep patterns obviously increased by 26% and 38%, respectively, and mild (OR=1.21, 95% CI [1.03,1.42]),
moderate (OR=1.45,95% Cl [1.27,1.66]) and severe (OR=1.57,95% Cl [1.18,2.09]) OAB were significantly associated
with sleep pattern grouping. The prevalence of OAB is significantly higher in patients with bad sleep patterns, and
vice versa.

Conclusion This study indicated that there is a positive relationship between OAB and worse sleep-related issues.
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Introduction

As part of lower urinary tract symptoms, overactive blad-
der (OAB) is a group of clinical symptoms characterized
by urgent urination, usually accompanied by frequent
urination and nocturia, with or without urgent urinary
incontinence (UUI), ruling out urinary tract infection or
other obvious pathological changes [1]. According to the
NOBLE Program in the United States in 2003, the preva-
lence of OAB in men and women over 18 years old was
16.0% and 16.9%, respectively, the incidence of urge uri-
nary incontinence (UUI) was more common in women,
and the incidence of UUI was significantly increased in
women after the age of 44 and in men after the age of
64 [2]. Irwin, Debra E et al. noted that the worldwide
incidence of OAB in 2008 was estimated at 10.7% [3].
Although no further epidemiological studies have been
conducted due to differences in survey methods and
definitions, this prevalence was projected to be 20.1% by
2018, since the risk of the disease increased with aging
[3-5].

As a functional disease of the bladder, OAB can have
a substantial negative effect on quality of life, affecting
patients’ physical and mental health [6, 7]. OAB patients’
need to urinate can lead to the disruption of sleep [8].
Other studies have also mentioned the negative impact
on quality of sleep among patients diagnosed with OAB
[9-11]. Inadequate sleep has a negative influence on gen-
eral health and well-being [12]. A previous study reported
that 49.0% of citizens in Palanga have assessed their sleep
quality as fair, rather poor, or poor [13]. Poor sleepers
usually experience longer latencies, frequent nocturnal
awakenings, less total sleep time, etc., which are common
manifestations of OAB [14, 15]. However, the pathogen-
esis of OAB is not completely clear, and its etiology is
multifactorial. A previous study reported that OAB risk
factors included age, body mass index, socioeconomic
status, diabetes, and smoking [16]. Furthermore, sleep
disorders such as obstructive sleep apnea were reported
as one of the pathologic factors resulting in OAB [17].
However, it is limited to a finite number of variables.

To address these limitations, we aim to determine
whether a relationship exists between overactive blad-
der (OAB) and sleep patterns through the cross-sectional
study based on the large dataset NHANES.

Patients and methods

Study population

All data in this study were derived from the National
Health and Nutrition Examination Survey (NHANES),
conducted by the National Center for Health Statistics
of the Centers of Disease Control and Prevention. The
data in the NHANES are utilized for epidemiological
studies and nutritional health assessments. In this cross-
sectional study, the data were collected from NHANES
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2007-2014, including the data of participants aged
20-80, as well as complete and reliable information
(demographics, dietary and health-related behaviors,
body measurements and disease information). A total of
16,978 participants were enlisted in our study. All of these
data are publicly available on the NHANES (https://www.
cdc.gov/nchs/nhanes/index.htm).

Assessment of OAB

According to the International Continence Society, OAB
is a symptom syndrome characterized by the simultane-
ity of urinary urgency, usually accompanied by frequency
and nocturia, with or without urge urinary incontinence
(UUI), without the presence of urinary tract infection
or other obvious pathology [6]. To make a diagnosis of
exclusion, we considered OAB when patients had rel-
evant clinical manifestations, such as urgency, nocturia
and UUI, of which UUI is a specific indicator of urgency
[18]. Therefore, one question was used to assess the
severity of UUI in our study: “Have you ever urinated
before reaching the toilet’, and other question was used
to assess the severity of nocturia: “how many times uri-
nate in night?”. Participants were considered to have OAB
if they had UUI with/without nocturia (urinate more
than twice in one night) when performing some exclu-
sion criteria [18]. The exclusion criteria were as follows:
participants with dysuria (n=186), non-micturition
emptiness (n=137), and benign prostate hypertrophy
(n=165); participants with a history of urinary tract
infection by chlamydia, gonococcus and trichomonas
(n=185); participants with cancer history of urinary sys-
tem, reproductive system and adjacent organs (n=664),
including prostate cancer, bladder cancer kidney cancer,
cervical cancer, uterine cancer, colon cancer, and rectum
cancer; participants with relevant neurologic disease
(n=663), such as neurologic tumors and stroke; and par-
ticipants with missing information (n=1244). The sever-
ity of OAB for each participant was quantified through a
novel Overactive Bladder Symptom Score (OABSS) scale
[19] and classified into none, mild, moderate and high
based on questionnaires of UUI and nocturia in partici-
pants with OAB.

Assessment of sleep factors and definition of a sleep
pattern

Participant’s response to the question “How much sleep
do you usually get at night on weekdays or workdays?”
generated the sleep duration, which was classified as
short (<7 h per night), normal (7-9 h per night), and
long (>9 h per night). The assessment of trouble sleep-
ing and sleep disorders were obtained by the response
to the question “Have you ever told a doctor or other
health professional that you have trouble sleeping?” and
“Have you ever been told by a doctor or other health
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professional that you have a sleep disorder?’, respectively.
For each sleep factor (self-reported sleep duration, trou-
ble sleeping and diagnosed sleep disorder), the lower and
higher risks were classified as 1 and 0 to aggregate overall
sleep scores, ranging from O to 3. A sleep score of O to 1, 2
or 3 was expressed as a bad, intermediate or healthy sleep
pattern, respectively [20].

Assessment of other covariates

Participants’ self-reported age (20-29, 30-39, 40-49,
50-59, 60—69, 70-80 years), sex (female, male), ethnicity
(no-white, white), annual household income (<$20,000,
>$20,000), education level (€High School, >High School)
and marital status (yes/no) at interview were collected
from the NHANES demographic files. The recreational
activity based on the Global Physical Activity Question-
naire (GPAQ) was classified as yes or no. The sedentary
time (<5 h, >5 h) was referred to as the duration spent
sitting in a typical day, excluding sleeping. Alcohol use,
smoking status and self-reported diseases, including
diabetes, hypertension and cardiovascular disease, were
expressed as yes or no.

Statistical analysis

The baseline characteristics of the participants were
described as proportions for the above categorical vari-
ables based on sleep patterns and the severity of OAB.
Furthermore, a chi-squared test was performed to com-
pare the baseline characteristics of these participants.
Taking into consideration the complicated sampling
design of the survey, we applied the survey weight, which
permits it to be representative of the U.S. noninstitution-
alized civilian [21]. Then, a logistic regression model was
adapted to evaluate the association between OAB and
sleep. The odds ratio (ORs) and 95% confidence inter-
vals (CI) in OAB patients with different sleep patterns.
We also estimated the ORs and 95% ClIs of different sleep
patterns in patients diagnosed with OAB stratified by age,
sex, ethnicity, annual household income, education level,
marital status, BMI, sedentary time, smoking status, alco-
hol use, recreational activity, hypertension, diabetes and
cardiovascular disease. A p value<0.05 was considered
to be statistically significant. All statistical analyses were
carried out using R version 4.2.0.

Results

Baseline characteristics of the participants

Figure 1 is A flowchart dissecting the inclusion and
exclusion of participants. A total of 16,978 participants
were involved in this study representing about 174 mil-
lion USA adult population (mean [SE] age, 46.4 [0.3]
years), of which 3537 participants were considered OAB
with UUI representing about 31 million USA popula-
tion (mean [SE] age, 56.1 [0.4] years). The characteristics

Page 3 of 9

of the participants according to OAB (urgency incon-
tinence-based) status are presented in Table 1. There
were significant differences between the groups with and
without OAB in terms of age, sex, marital status, house-
hold income, education, medical comorbidities (such as
coronary heart disease, hypertension and diabetes), alco-
hol use status, BMI, and moderate recreational activi-
ties. Compared to participants without OAB, those with
OAB had a higher likelihood of being middle-aged or
older (50-80), female, married, had a higher BMI, lower
income, low education, being inactive in moderate recre-
ational activity, and heavy smoking, and less likely to be
alcohol lovers. In particular, sleep factors (sleep pattern
grouping, sleep duration grouping, sleep trouble, sleep
disorders) were significantly associated with OAB. With
the aggravation of OAB, more patients develop unhealthy
sleep patterns, sleep trouble and sleep disorders and are
prone to abnormal sleep duration. In addition, the prev-
alence of medical comorbidities such as cardiovascu-
lar disease, hypertension and diabetes mellitus was also
increasing with higher OABSS (Table 1).

The baseline characteristics of the study population
with different sleep patterns are listed in Table 2. Com-
pared with participants with healthy sleep patterns, par-
ticipants with unhealthy sleep patterns appeared to be
middle-aged and older (40-69), more frequently female,
with higher BMI, lower education and income, heavy
smokers and alcohol users, insufficient moderate recre-
ational activities, long sitting time, and higher rates of
cardiovascular disease, hypertension and diabetes melli-
tus. We also found that patients with unhealthy sleep pat-
terns had a higher incidence of OAB, higher OABSS, and
nocturia scores than those with healthy sleep patterns.

Association between sleep pattern grouping and OAB

The association between sleep pattern grouping and OAB
is shown in Table 3. Our original model (adjusted for no
variable) indicated a significant association between
sleep pattern grouping and OAB status. This relationship
remained significant in the other two models, in which
the incidence of OAB increased with worsening sleep
patterns. In model 1, compared with healthy patients,
patients with unhealthy sleep patterns were more likely
to develop OAB, and the probability was increased by
29% and 78% for intermediate and poor sleep patterns,
respectively. Intermediate sleep patterns and bad sleep
patterns were significantly increased by 31% and 57%,
respectively, after adjustment for sex, age, race, marital
status, annual household income, and education (model
2). In model 3 (fully adjusted model), after adjusting for
all the variables, the intermediate and poor sleep pat-
terns obviously increased by 26% and 38%, respectively.
In summary, the incidence of OAB can be higher with
poorer sleep quality.



Lu et al. BMC Urology (2023) 23:184

Page 4 of 9

participants aged 20-80 in the

(20273 participants included)

NHANES database from 2007-2014

Excluded n=2000

The exclusion criteria were as follows:

participants with dysuria (n=186); non-micturition emptiness
(n=137); benign prostate hypertrophy (n=165); participants with a
history of urinary tract infection by chlamydia, gonococcus and
trichomonas (n=185); participants with cancer history of urinary
system, reproductive system and adjacent organs (n=664),
participants with relevant neurologic disease (n=663),

Y

18273 participants included

Excluded n=51

missing data on Sleep information (n=51)

Y

18222 participants included

Excluded n=1244

> missing data on Covariates (n=1244)

Y

16978 participants included

Fig. 1 A flowchart depicting the inclusion and exclusion of participants

Table 4 describes the relationship between sleep pat-
tern grouping and the severity of OAB. In model 1, where
we did not adjust for any covariates, patients with OAB
had sleep problems more frequently than those without
OAB, with mild, moderate and high OAB being 1.30, 1.59
and 1.76 times more likely than patients without OAB,
respectively. After adjustment for age, sex, race, marital
status, annual household income, and education (model
2), patients with all three OAB levels had higher odds of
sleep problems than those without OAB, increasing by
26%, 60%, and 82%, respectively. After additional adjust-
ments for cardiovascular disease, hypertension, diabetes,
smoking, alcohol consumption, recreational activity, sit-
ting time and BMI (model 3), mild (OR=1.21, 95% CI
[1.03, 1.42]), moderate (OR=1.45, 95% CI [1.27, 1.66])

and high (OR=1.57, 95% CI [1.18, 2.09]) OAB were sig-
nificantly associated with sleep pattern grouping.

Besides, the interaction between sleep pattern group
and OAB was not statistically significant (Table S1 and
$2). In summary, the association between OAB and sleep
pattern grouping is positive significantly.

Discussion

As a nationwide representative cross-sectional study, it
was utilized to assess the association between sleep pat-
terns and OAB. Our results showed that the prevalence
of OAB was significantly higher in patients with poor
sleep patterns and that the prevalence of worse sleep
patterns was significantly higher in OAB patients. That
is, OAB patients are more likely to have trouble sleeping
than patients without OAB. Likewise, patients with worse
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Table 1 Baseline characteristics of the study population according to OAB status

Variable Without OAB With OAB P value
Mild Moderate High

Age (%, SE) <0.001
20-29 22.3(0.8) 9.4(1.1) 4.4(0.7) 2.8(1.0)
30-39 20.2(0.5) 114(1.0) 8.0(0.8) 34(1.0)
40-49 20.4(0.5) 20.8(1.3) 12.9(1.2) 10.6(3.0)
50-59 18.2(0.5) 22.6(1.5) 23.0(1.8) 20.1(3.1)
60-69 11.4(0.5) 214(13) 20.9(1.3) 19.7(2.8)
70-80 7.5(0.3) 14.4(1.0) 30.8(1.7) 43.4(3.4)

Sex (%, SE) <0.001
Female 46.3(0.5) 74.4(1.5) 70.1(1.7) 77.02.7)
Male 53.7(0.5) 25.6(1.5) 29.9(1.7) 23.02.7)

Race (%, SE) 0.026
No-white 30.8(1.7) 28.6(2.1) 33.1(24) 36.8(3.7)
White 69.2(1.7) 71.4(2.7) 66.9(2.4) 63.2(3.7)

Marital status (%, SE) <0.001
No 28.3(0.9) 20.1(1.4) 16.3(1.5) 13.1(2.2)
Yes 71.7(0.9) 79.9(1.4) 83.7(1.5) 86.9(2.2)

Annual household income (%, SE) <0.001
<20,000 13.2(0.7) 14.3(1.3) 22.7(1.4) 30.02.4)
>20,000 86.8(0.7) 85.7(1.3) 77.3(14) 70.02.4)

Education Level (%, SE) <0.001
<High School 37.2(1.2) 37.8(1.8) 49.3(24) 56.2(3.3)
>High School 62.8(1.2) 62.2(1.8) 50.7(2.4) 43.8(3.3)

Cardiovascular Disease (%, SE) <0.001
No 95.4(0.3) 93.0(0.7) 87.0(1.0) 84.1(2.5)
Yes 4.6(0.3) 7.0(0.7) 13.0(1.0) 15.9(2.5)

Hypertension (%, SE) <0.001
No 67.4(0.7) 59.0(1.7) 38.8(1.7) 30.0(3.0)
Yes 32.6(0.7) 41.0(1.7) 61.2(1.7) 70.0(3.0)

Diabetes Mellitus (%, SE) <0.001
No 89.3(04) 83.6(1.1) 71.3(1.5) 63.03.7)
Yes 10.7(0.4) 16.4(1.1) 28.7(1.5) 37.03.7)

Smoke (%, SE) 0.048
Less 56.5(0.9) 53.8(1.5) 529(1.9) 50.4(3.4)
More 43.5(0.9) 46.2(1.5) 47.1(1.9) 49.6(3.4)

Alcohol user (%, SE) <0.001
No 10.4(0.7) 10.7(1.0) 144(1.2) 21.9(24)
Yes 89.6(0.7) 89.3(1.0) 85.6(1.2) 78.1(24)

BMI (%, SE) <0.001
<25 32.1(0.7) 26.2(1.7) 19.8(1.2) 18.5(2.8)
>25 67.9(0.7) 73.8(1.7) 80.2(1.2) 81.5(2.8)

Moderate recreational activity (%, SE) <0.001
No 42.3(1.0) 52.8(1.9) 59.6(1.9) 75.5(34)
Yes 57.7(1.0) 47.2(1.9) 404(1.9) 24.5(3.4)

Sitting time (%, SE) 0.080
<5 38.1(0.8) 36.5(1.9) 34.6(1.5) 30.7(3.1)
>5 61.9(0.8) 63.5(1.9) 65.4(1.5) 69.3(3.1)

Sleep pattern grouping (%, SE) <0.001
Healthy 50.9(0.7) 44.5(1.7) 39.5(1.3) 37.13.2)
Intermediate 33.8(0.6) 36.4(1.7) 35.2(14) 33.6(3.6)
Bad 15.3(0.4) 19.1(1.2) 25.2(13) 29.3(3.3)

Sleep Disorders (%, SE) <0.001

No 92.5(0.3) 90.1(1.0) 85.2(1.2) 83.9(2.6)
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Table 1 (continued)
Variable Without OAB With OAB P value
Mild Moderate High
Yes 7.5(0.3) 9.9(1.0) 14.8(1.2) 16.1(2.6)
Sleep Trouble (%, SE) <0.001
No 76.0(0.5) 67.1(1.5) 62.5(1.6) 60.0(3.4)
Yes 24.0(0.5) 32.9(1.5) 37.5(1.6) 40.0(3.4)
Sleep duration grouping (%, SE) <0.001
<7 36.0(0.7) 35.9(1.5) 39.3(1.5) 43.1(3.0)
7-9 62.2(0.8) 62.1(1.5) 57.8(1.5) 48.8(3.2)
>9 1.8(0.2) 2.1(04) 3.0004) 8.2(1.9)

sleep patterns are more likely to develop OAB than those
without sleep problems. Furthermore, we analysed the
association between sleep patterns and OAB by adjusting
for age, sex, ethnicity, marital status, household income
and education in model 2 and additionally adjusting for
cardiovascular disease, hypertension, diabetes, smoking,
alcohol use, recreational activities, sedentary time and
BMI in model 3. Compared with model 1, the associa-
tion is still statistically significant. Thus, it is reasonable
to suggest that OAB promotes the occurrence of worse
sleep patterns and that worse sleep patterns promote
OAB occurrence.

Our results were consistent with those of previous
studies. A previous cross-sectional study reported that
OAB patients have an elevated risk of insomnia compared
with non-OAB individuals [22]. According to a random-
ized controlled trial, the higher the frequency of urinary
incontinence (UUI), the greater the degree of sleep dys-
function [23], which is in line with our finding showing
that compared with patients without OAB, those with
mild, moderate, and severe OAB were 1.30 times, 1.59
times, and 1.76 times more likely to have sleep problems,
respectively. UUI is the representative symptom of OAB
[18]. We speculate that the increasing severity of the UUI
appears to be associated with the shorter sleep duration
of patients and more trouble falling asleep, which leads to
the gradual deterioration of sleep quality. Another find-
ing in our study was that a higher incidence of OAB was
associated with poorer sleep quality. This was also sup-
ported by a prospective questionnaire study. The inci-
dence of OAB symptoms in patients with moderate and
severe OSAS (obstructive sleep apnea syndrome) was
significantly higher than that in patients with mild OSAS
and UARS (upper airway resistance syndrome), and
the incidence of UUI in patients with severe OSAS was
higher than that in patients with mild OSAS and UARS
[17]. A previous review has also suggested that a variety
of pathologic factors contribute to nocturia, including
sleep-related disorders such as sleep apnea and primary
sleep disorders [24]. We hypothesized that sleep-related
disorders might be involved in the pathological mecha-
nisms of occurrence and development of OAB.

The pathophysiology between OAB and poor sleep
patterns is still unclear. We speculate that there may be
potential mechanisms that underlie the relationship
between OAB and sleep patterns. First, as one of the
common symptoms of OAB, nocturia itself can have an
adverse impact on the quality of sleep since OAB patients
get up at night more often and spend less time sleeping
[25]. Second, obstructive sleep apnea syndrome (OSAS)
may be a potential mechanism for sleep patterns affecting
OAB. OSAS is a syndrome of repeated apnea accompa-
nied by intermittent oxygen saturation reduction due to
upper airway obstruction, which inevitably leads to poor
sleep quality [26]. At the same time, OSAS can lead to
an increase in the secretion of atrial natriuretic peptide
(ANP), which can increase glucose filtration through the
renin angiotensin aldosterone system and finally result in
nocturnal polyuria [27]. animal experiments have shown
that oxidative stress caused by intermittent hypoxia in
obstructive sleep apnea is associated with structural and
functional changes in the bladder, ultimately giving rise
to unstable bladder contractions and increased noctu-
ria frequency [28]. It has been suggested that hypoxia
can lead to axonal damage in peripheral nerves, and
when this effect is exerted on the nerves that innervate
the bladder, OAB may be caused [29]. This indicates that
OSAS is related to OAB. Based on the above studies, we
speculate that OSAS may lead to poor sleep patterns and
lead to OAB by increasing ANP secretion, hypoxia, oxi-
dative stress, and other processes. Finally, there are dif-
ferences between OAB patients and non OAB patients
in multiple organ systems, such as the nervous system,
cardiopulmonary system, gastrointestinal system, etc.
Many OAB patients have extensive systemic symptoms
and multiple organ burden. The burden of these multiple
organs leads to poor sleep patterns [30].

There are some strengths in this present study. First,
to the best of our knowledge, this study is the first cross-
sectional study to investigate the relationship between
OAB and sleep patterns based on the NHANES database.
Simultaneously, our study is nationally representative
because it includes a large sample size of patients living
in the United States. Finally, we further guarantee the
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Table 2 Baseline characteristics of the study population according to sleep status

Variable Healthy Not Healthy P value
Intermediate Bad

Age (%, SE) <0.001
20-29 22.3(0.9) 19.3(0.9) 11.7(0.8)

30-39 18.8(0.7) 19.0(0.7) 15.0(0.8)

40-49 18.0(0.7) 20.6(0.8) 23.6(0.9)

50-59 16.3(0.5) 20.1(0.9) 24.5(1.1)

60-69 13.2(0.6) 12.2(0.6) 15.1(0.8)

70-80 11.5(0.4) 8.8(0.5) 10.1(0.7)

Sex (%, SE) <0.001
Female 50.0(0.7) 50.4(0.8) 55.8(1.1)

Male 50.0(0.7) 49.6(0.8) 44.2(1.1)

Race (%, SE) <0.001
No-white 30.2(1.7) 33.5(2.0) 26.9(1.8)

White 69.8(1.7) 66.5(2.0) 73.1(1.8)

Marital status (%, SE) 0.015
No 27.0(1.0) 27.1(1.2) 23.3(1.2)

Yes 73.0(1.0) 72901.2) 76.7(1.2)

Annual household income (%, SE) <0.001
<20,000 12.5(0.7) 14.3(0.7) 19.1(1.2)

>20,000 87.5(0.7) 85.7(0.7) 80.9(1.2)

Education Level (%, SE) 0.003
<High School 36.8(1.3) 39.3(1.4) 41.4(1.6)

>High School 63.2(1.3) 60.7(1.4) 58.6(1.6)

Cardiovascular Disease (%, SE) <0.001
No 95.3(0.3) 95.2(04) 89.9(0.7)

Yes 4.7(0.3) 4.8(0.4) 10.1(0.7)

Hypertension (%, SE) <0.001
No 68.5(1.0) 64.8(0.8) 49.2(1.1)

Yes 31.5(1.0) 35.2(0.8) 50.8(1.1)

Diabetes Mellitus (%, SE) <0.001
No 89.5(0.5) 87.8(0.6) 78.8(1.1)

Yes 10.5(0.5) 12.2(0.6) 21.2(1.1)

Smoke (%, SE) <0.001
Less 61.1(0.8) 534(1.1) 45.9(1.2)

More 38.9(0.8) 46.6(1.1) 54.1(1.2)

Alcohol user (%, SE) <0.001
No 12.0(0.6) 10.0(0.8) 9.6(0.8)

Yes 88.0(0.6) 90.0(0.8) 90.4(0.8)

BMI (%, SE) <0.001
<25 34.0(1.0) 29.3(0.7) 224(1.2)

>25 66.0(1.0) 70.7(0.7) 77.6(1.2)

Moderate recreational activity (%, SE) <0.001
No 41.3(1.1) 46.1(1.2) 53.9(1.4)

Yes 58.7(1.1) 53.9(1.2) 46.1(1.4)

Sitting time (%, SE) 0.002
<5 38.5(1.0) 38.3(0.9) 33.5(1.3)

>5 61.5(1.0) 61.7(0.9) 66.5(1.3)

OAB (%, SE) <0.001
No 84.7(0.5) 81.2(0.8) 75.7(0.9)

Yes 15.3(0.5) 18.8(0.8) 24.3(0.9)

OABSS (%, SE) <0.001
None 84.7(0.5) 81.2(0.8) 75.7(0.9)

Mild 8.5(0.4) 10.0(0.6) 10.8(0.6)
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Table 2 (continued)

Variable Healthy Not Healthy P value
Intermediate Bad

Moderate 5.7(0.3) 74(04) 10.9(0.5)

High 1.1(0.1) 1.4(0.2) 2.6(04)

Nocturia score (%, SE) <0.001

0 38.8(0.9) 38.5(1.0) 27.9(1.1)

1 41.6(0.9) 38.1(0.9) 38.7(1.2)

2 13.4(0.4) 14.9(0.5) 18.9(0.9)

3 6.2(0.3) 8.5(0.5) 14.4(0.7)

Table 3 Associations between sleep pattern grouping and OAB
based on the outcome for OAB status

Character Model 1 Model2  Model 3
OR (95%Cl) OR OR
(95%Cl) (95%Cl)
Exposure: sleep pattern grouping
Healthy Reference Reference  Reference
Intermediate 1.29(1.15,1.44)***  131(1.16, 1.26(1.11,
148y 142
Bad 1.78(1.56,2.03)***  157(1.35, 1.38(1.20,
1.81)%** 1.59)%**
P for trend <0.001 <0.001 <0.001

@ Model outcome was OAB (binary: with OAB and without OAB). ***p<0.001
**p<0.01 and *p<0.05

b Model 1: no covariates were adjusted

€ Model 2: adjusted for age, sex, ethnicity, marital status, annual household
income, and education

4 Model 3: adjusted for age, sex, ethnicity, marital status, annual household
income, education, cardiovascular disease, hypertension, diabetes mellitus,
smoking status, alcohol use, recreational activity, sitting time and BMI.

Table 4 Associations between OABSS and sleep pattern
grouping based on the outcome for sleep status

Character Model 1 Model 2 Model 3
OR (95%Cl) OR (95%Cl) OR (95%Cl)
Exposure: OABSS
None Reference Reference Reference
Mild 1.30(1.11,1.51)%* 1.26(1.07,1.48)* 1.21(1.03,1.42)*
Moderate  1.59(1.42,1.78)***  1.60(1.40,1.81)*** 145(1.27,1.66)***
High 1.76(1.34,231)***  1.82(1.35243)*** 1.57(1.18,2.09)**

P for trend <0.001 <0.001 <0.001

?Model outcome was sleep status (binary: healthy and not healthy). ***p <0.001
**p<0.01 and *p<0.05

b Model 1: no covariates were adjusted

€ Model 2: adjusted for age, sex, ethnicity, marital status, annual household
income, and education

9 Model 3: adjusted for age, sex, ethnicity, marital status, annual household
income, education, cardiovascular disease, hypertension, diabetes mellitus,
smoking status, alcohol use, recreational activity, sitting time and BMI.

accuracy of our results by performing adjusted models.
In this study, both the unadjusted model and the adjusted
models show consistent results, even though some differ-
ences were observed.

However, it should be noted that there are several
limitations in this current study. First, this study was a
cross-sectional study and could not identify the causality

and pathological mechanisms associated with OAB
and poor sleep patterns, making longitudinal follow-
up studies impossible but only confirming a relation-
ship between them. Second, the data in this study were
obtained from the self-report questionnaires of patients
in the NHANES database, which may lead to recall bias.
For example, patients may provide incorrect information
due to their vague memory when responding to the ques-
tionnaire about the duration of sleep per night. In addi-
tion, we redefined the diagnosis of OAB in this study, but
it must be admitted that information about OAB in the
NHANES dataset is not complete. Finally, insufficient
data about the sequence between the diagnosis of OAB
and the occurrence of bad sleep patterns limited our fur-
ther accurate analysis.

In summary, the study indicated that there is a posi-
tive relationship between OAB and worse sleep-related
issues. Our results showed that the prevalence of OAB
was significantly higher in patients with poor sleep pat-
terns and that the prevalence of worse sleep patterns was
significantly higher in OAB patients. These findings sug-
gest that further prospective studies should be conducted
to investigate the causality and pathological mechanisms
between sleep and OAB.
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