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Abstract
Objective  The underlying mechanisms of Overactive Bladder (OAB) remain unclear. This research is designed to 
investigate the correlation between the intake of dietary live microorganisms and OAB.

Methods  This analysis encompasses a cross-sectional study of broad population information gathered from 
the National Health and Nutrition Examination Surveys (NHANES) spanning the years 2007 to 2018. Participants 
were categorized into three groups—low, medium, and high—according to their consumption of dietary live 
microorganisms, as per the Sanders Dietary Active Microbiota Classification System. We utilized a weighted logistic 
regression model, restricted cubic spline (RCS), and subgroup analyses to investigate the relationship between dietary 
live microorganism intake and OAB.

Results  This research encompassed 16,795 subjects. The incidence of OAB was reduced in the group consuming a 
high amount of live dietary microbes compared to the groups with low and medium intake of such microbes. After 
detailed adjustments for covariates, analysis revealed that participants in the high live dietary microbe group had 
notably reduced odds of OAB compared to those in the low live dietary microbe group (OR: 0.84, 95% CI: 0.71–0.99, 
p = 0.03). RCS analysis indicated a nonlinear correlation between high dietary active microbiota intake and the 
incidence of OAB.

Conclusion  This research emphasizes the potential advantages of a high dietary intake of active microbiota for 
preventing OAB. These findings support incorporating active microbiota into dietary guidelines, demonstrating their 
connection with a decreased incidence of OAB.
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Introduction
Overactive Bladder (OAB) is defined by the urgent need 
to urinate, which may or may not be accompanied by 
incontinence, and often includes frequent urination and 
nocturia [1]. Research identifies various complex risk fac-
tors for OAB including urinary tract infections, physical 
activity, chronic diseases, and neuropsychiatric condi-
tions such as sleep disorders and depression [2, 3]. OAB 
is prevalent in both genders, albeit with gender-specific 
differences, but the overall incidence increases with age 
and is similar between sexes [4, 5]. In clinical settings, 
OAB management focuses on long-term comprehensive 
treatments aimed at alleviating symptoms. Currently, the 
pharmacological management of OAB typically involves 
either anticholinergics or β3-adrenoceptor agonists as 
standalone therapies. While some research supports 
better outcomes with combination therapies, the effec-
tiveness and specific approaches still require further 
investigation [6, 7].

Recently, dietary active microorganisms have drawn 
increasing attention for their roles in immune regulation, 
circulatory system modulation, and mental health aspects 
such as anxiety, depression, and autism [8–10]. The con-
cept of the “gut microbiota-gut-brain axis” has become 
particularly prominent, highlighting how gut microbiota 
influence central nervous system functions. Foods that 
introduce beneficial microbes into the gut help maintain 
a healthy microbiome, enhancing overall health [10, 11]. 
Prebiotics, as substrates for these beneficial microbes, are 
crucial in promoting the growth and activity of healthy 
gut flora [12]. By fermenting prebiotics, gut bacteria pro-
duce short-chain fatty acids that may regulate energy 
balance and glucose metabolism, influencing dietary pat-
terns [13]. This interaction between prebiotics and gut 
flora potentially contributes to the management of OAB 
by promoting a dietary pattern that supports gut health 
and reduces inflammation, which is often seen in patients 
with OAB. Conversely, the Western diet, known for its 
high unhealthy fat and low fruit and vegetable content, is 
infamous for its association with obesity [2, 14, 15]. These 
findings indicate that dietary habits may influence the 
development of OAB.

While the pathogenesis of OAB remains incompletely 
understood and is thought to be multifactorial [16, 17], 
there have been no studies investigating the link between 
dietary live microorganisms and OAB. Therefore, our 
study aims to explore this potential connection through 
a cross-sectional analysis using data from the National 
Health and Nutrition Examination Survey (NHANES).

Methods
Study population
This research utilized data from the NHANES, a recur-
ring survey project initiative aimed at evaluating the 

health and nutritional status of residents in the U.S. 
Each year, NHANES comprehensively collects health 
and nutrition-related data from about 5,000 Ameri-
cans, encompassing demographics, socioeconomic sta-
tus, dietary habits, and overall health conditions. The 
data collection involves both face-to-face interviews and 
thorough physical examinations, which include physi-
ological measurements and lab tests. All participants 
gave informed consent, with the study design and con-
sent process approved from the Ethics Committee of the 
National Center for Health Statistics.

For this cross-sectional analysis, data spanning from 
2007 to 2018 were extracted from the NHANES database 
[18]. The selection process for participants was rigorously 
defined to enhance the representativeness of the study 
sample. The initial cohort consisted of 59,842 individu-
als. Inclusion criteria targeted adults aged 20 and above, 
aligning with our study objectives. Exclusion criteria were 
systematically applied: individuals below the age of 20 
(n = 25,072) were excluded, as were those missing essen-
tial data on OAB (n = 4,983), those without data on intake 
of dietary live microorganisms (n = 1,134), and those lack-
ing significant covariate information (n = 11,858). After 
applying these criteria, 16,795 participants were deemed 
eligible and included in the final analysis (Fig. 1). These 
stringent selection criteria were implemented to mini-
mize bias and maximize the reliability of our findings, 
ensuring that the final sample closely mirrors the broader 
U.S. population in terms of demographic and health 
characteristics.

Dietary intake and categories of live microorganisms
The dietary intake and classification of live microorgan-
isms were assessed using the 24-hour dietary recall data 
sourced from the NHANES. This method involves par-
ticipants recalling and reporting all foods and beverages 
consumed in the 24 h prior to the interview. Each partici-
pant’s recall is conducted by trained interviewers using 
automated data entry systems that prompt for detailed 
information on each food item consumed, ensuring com-
prehensive dietary data collection. To ensure the accu-
racy of our live microorganism intake data, we engaged 
four specialists with extensive expertise in microbiol-
ogy and food science. These experts, identified by their 
initials (MLM, MES, RH, CH), hold advanced degrees 
in microbiology, biochemistry, and food science, and 
possess considerable experience in both academic and 
applied research settings. Their roles involved meticu-
lously evaluating and categorizing the concentrations of 
live microorganisms (CFU/g) across 9,388 food entries 
into 48 distinct categories within the NHANES database. 
These values were primarily reported in the literature and 
were supplemented with laboratory analyses where nec-
essary [19].
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The specialists classified microbial levels into three 
categories based on the concentration of viable microor-
ganisms per gram of food: low (less than 10^4 CFU/g), 
moderate (10^4–10^7 CFU/g), or high (greater than 
10^7 CFU/g). This classification was validated through 

a consensus process involving repeated evaluations 
and cross-references with external microbial databases. 
In instances of uncertain or conflicting data, exter-
nal consultation was sought for resolution, involving 
experts from relevant fields to ensure the reliability and 

Fig. 1  The participant flow chart

 



Page 4 of 14Du et al. Journal of Health, Population and Nutrition          (2024) 43:120 

consistency of the categorization. This included consulta-
tions with recognized experts such as Fred Breidt from 
the USDA Agricultural Research Service.

Prior to the study, these specialists underwent com-
prehensive training that included standardized proto-
cols for microbial analysis, updates on recent advances 
in microbial assessment techniques, and familiarization 
with specific challenges associated with different food 
types. This preparation ensured that each team member’s 
approach was aligned with the latest scientific standards 
and methodologies.

The low category predominantly consists of foods 
treated with pasteurization, the moderate category pri-
marily comprises unpeeled fresh fruits and vegetables, 
and the high category includes unpasteurized fermented 
foods and probiotic supplements. Although this classifi-
cation method can be applied to estimate microbial con-
tent in foods, its applicability to estimating overall dietary 
intake of live microorganisms may be limited. Following 
the validated methodology of Sanders et al. [19], partici-
pants were grouped into three categories according to 
the total amount of live microorganisms ingested from all 
foods: (1) a group with low dietary microbe intake (con-
sisting solely of foods with low levels), (2) a group with 
moderate dietary microbe intake (consuming foods with 
moderate levels but not high levels), and (3) a group with 
high dietary microbe intake (consuming any foods with 
high levels). This previously verified method categorizes 
participants’ dietary patterns according to estimated lev-
els of live microorganisms [20].

This 24-hour dietary recall data collection method-
ology is utilized in NHANES to capture a snapshot of 
each participant’s diet, which provides a detailed record 
of intake but limits the ability to capture habitual long-
term dietary patterns. Future studies might benefit from 
employing multiple dietary recalls or food frequency 
questionnaires to better capture long-term dietary trends 
and their relationship to health outcomes like OAB.

Diagnosis of overactive bladder
In this study, OAB was characterized by the simultane-
ous presence of urinary frequency, urge urinary inconti-
nence (UUI), and nocturia. Data collection involved both 
direct interviews and questionnaire surveys, conducted 
by research personnel trained to ensure consistency 
and accuracy in data gathering. The assessment of UUI 
involved querying participants with: “During the past 12 
months, have you leaked or lost control of even a small 
amount of urine with an urge or pressure to urinate and 
you could not get to the toilet fast enough?” followed by 
“How frequently does this occur?” The frequency of these 
incidents was also recorded to assess the severity of UUI. 
For nocturia, participants were asked: “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?” The responses 
were used to score the nocturia component of the OAB 
assessment.

The overall severity of OAB was quantified using 
the Overactive Bladder Symptom Score (OABSS). As 
depicted in Fig. 2 of our manuscript, this scoring system 
evaluates symptoms on a scale from 0 (no symptoms) 
to 3 (severe symptoms) for both nocturia and UUI. The 
scores from these categories are then combined, with 
a total score of 3 or higher indicating the presence of 
OAB [21]. This threshold was chosen to ensure that only 
patients with clinically significant symptoms are diag-
nosed with OAB. While the OABSS facilitates a stan-
dardized approach to diagnosing OAB, it should be noted 
that our study did not explore varying levels of symptom 
severity beyond the threshold for diagnosis. Our focus 
was primarily on establishing whether participants met 
the criteria for OAB, rather than on grading the severity 
of the condition among those diagnosed. This method-
ology allows us to uniformly identify patients with OAB 
for inclusion in the study, providing a clear distinction 
between affected and unaffected individuals based on a 
validated and widely recognized scoring system.

Covariates
In this study, we comprehensively considered a range of 
covariates related to the risk of kidney stones, which are 
categorized into three major classes: demographic indi-
cators, lifestyle factors, and health status. Demographic 
indicators include age, gender, race, marital status, level 
of education, and poverty rate. Lifestyle factors encom-
pass alcohol consumption (categorized as ‘no’ for < 12 
drinks in the past year, ‘yes’ for ≥ 12 drinks) [22], smok-
ing status (determined by a history of smoking over 100 
cigarettes), sedentary time (whether sitting for over 5  h 
per day), and physical activity level (evaluated based on 
the duration of moderate to vigorous activity for at least 
10  min per week, excluding daily work and commut-
ing tasks; less than 10  min is defined as inactive) [23]. 
Regarding health indicators, we collected body mass 
index (BMI), estimated glomerular filtration rate (eGFR), 
diabetes, hypertension, hyperlipidemia, and cardiovascu-
lar disease (CVD) through standardized questionnaires 
and clinical assessments [24].

Statistical analysis
In this study, NHANES sampling weights were employed 
to calculate statistically representative estimates for the 
U.S. population. For continuous variables, weighted 
means and standard errors were presented; for categori-
cal variables, weighted counts and proportions were 
provided. Weighted linear regression was conducted for 
continuous variables, and weighted chi-square tests for 
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categorical variables, aligning with the complex survey 
design of NHANES.

To explore the relationship between dietary intake 
of live microorganisms and the occurrence of OAB, a 
multivariable logistic regression model was applied. 
This model was specifically chosen due to its suitability 
for examining associations between a binary outcome 
(presence or absence of OAB) and multiple predictor 

variables, which allows for estimating the odds ratios 
(ORs) and their 95% confidence intervals (CIs) effectively.

Crude Model: This unadjusted model serves as a foun-
dational comparison, illustrating the relationship without 
the influence of confounding factors. Model 1: Adjusted 
for demographic variables such as age, gender, race, edu-
cation level, marital status, and income level, to control 
for potential socio-demographic influences on dietary 

Fig. 2  Flowchart for diagnosing overactive bladder based on overactive bladder syndrome scores
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habits and health outcomes. Model 2: Enhanced with 
adjustments for lifestyle and health-related variables 
including smoking status, alcohol consumption, BMI, 
eGFR, sedentary time, physical activity level, hyperten-
sion, diabetes, hyperlipidemia, and CVD. These fac-
tors were included to account for potential independent 
effects on both dietary microbe intake and OAB risk, 
providing a more precise estimation of the relationship.

Restricted Cubic Spline (RCS) Regression Models 
were utilized to examine the dose-response relation-
ship between high dietary intake of live microorganisms 
and OAB risk. This method helps in identifying possible 
nonlinear interactions and offers a granular view of the 
diet-OAB relationship. Subgroup analyses were per-
formed to evaluate the robustness of the results across 
varying demographic characteristics and health condi-
tions, ensuring the generalizability of the findings across 
diverse subpopulations. All analyses were conducted 
using R software (version 4.3.2), with statistical signifi-
cance set at P < 0.05, affirming the robustness and statisti-
cal validity of the findings.

Results
Participants’ baseline characteristics
The present study comprised 16,795 participants from 
NHANES. In Table 1, participants were grouped accord-
ing to the diagnosis of OAB, and all indicators between 
the two groups, except for sedentary time, showed dif-
ferences. Compared to participants without OAB, the 
patient group diagnosed with OAB exhibited higher age, 
female gender, non-Hispanic black ethnicity, single status 
(divorced/separated/widowed), lower educational level, 
lower poverty rate, higher BMI, smoking, no alcohol 
consumption, less physical activity, a higher likelihood 
of having hypertension, diabetes, hyperlipidemia, CVD 
history, and lower eGFR. Additionally, patients diagnosed 
with OAB exhibited a higher probability of belonging to 
the low and medium categories of dietary intake of live 
microorganisms.

Baseline characteristics of individuals in various dietary 
live microbe groups
Table  2 presents the initial profiles of patients, grouped 
according to their intake of dietary live microbes. Par-
ticipants were sorted into three categories based on 
their dietary live microbe consumption: low (n = 5807), 
medium (n = 6797), and high (n = 4191) intake groups, 
with differences observed in all indicators except for 
hypertension, hyperlipidemia, and UUI. The high intake 
group of dietary live microbes, relative to the low and 
medium intake groups, tended to include individuals who 
were 60 years or older, female, non-Hispanic white, mar-
ried/living with a partner, with higher education. They 
also generally had higher poverty rate, lower BMI, did not 

smoke, abstained from alcohol, engaged in more physi-
cal activity, spent more time sedentary, were less likely to 
have a history of diabetes, no history of CVD, and lower 
eGFR. Additionally, the high dietary live microbe group 
showed a reduced likelihood of experiencing nocturia 
and OAB.

Association between OAB and different dietary live 
microbe groups
Using weighted single-variable and multiple-variable 
logistic regression analyses, the study probed the direct 
links between groups categorized by groups of dietary 
live microbe consumption and the incidence of OAB. As 
shown in Table 3, in the unadjusted model, high dietary 
live microbe intake was associated with a reduced risk of 
OAB (OR = 0.76, 95% CI: 0.66–0.87). Even after compre-
hensive adjustment in Model 2, the association persisted, 
showing that the high dietary live microbe intake group 
maintained a reduced risk of OAB relative to the low 
intake group (OR = 0.84, 95% CI: 0.71–0.99). However, 
no significant correlation was observed between medium 
and lower levels of dietary live microbe consumption 
in relation to OAB incidence. RCS revealed a nonlinear 
association between high dietary live microbe intake and 
OAB risk (P < 0.01) (Fig. 3).

Subgroup and sensitivity analysis
Furthermore, subgroup analysis was conducted to 
explore whether covariates influenced the relationship 
between different dietary live microbe intake groups and 
OAB incidence. The findings depicted in Fig. 4 show that 
this association was influenced by having hyperlipid-
emia (P < 0.05). It is noteworthy that, except for grouping 
by age, race, hypertension, diabetes, hypertension, and 
CVD, in other subgroupings, the high intake group of 
dietary live microbes demonstrated a reduced incidence 
of OAB in comparison to the low intake group.

In summary, the sensitivity analysis demonstrates sta-
bility, as detailed in Table 4. By removing individuals with 
diabetes from the analysis, the fully adjusted outcomes of 
the multivariate logistic regression model are consistent 
with the principal results.

Discussion
In this study, we explored the correlation between the 
consumption of active microbes in the diet and the inci-
dence of adult OAB through the comprehensive analysis 
of NHANES from 2007 to 2018. The findings suggest a 
notable correlation between high dietary consumption of 
active microbes and a lower incidence of OAB. To vali-
date the universality of these correlations, we employed 
stratified analysis, which confirmed the consistency of the 
protective effects across different subgroups within the 
American adult population. Therefore, it is reasonable 
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Variable Overall (n = 23708) Without OAB (n = 14007) With OAB (n = 2788) P-value
Age, y, mean (SE) 45.52(0.28) 44.02(0.28) 55.65(0.46) < 0.0001
Age strata, y, n (%) < 0.0001
  20–39 6537(39.72) 6052(42.83) 485(18.75)
  40–59 5765(38.54) 4835(38.71) 930(37.42)
  ≥60 4493(21.73) 3120(18.46) 1373(43.83)
Sex, n (%) < 0.0001
  Female 7908(48.65) 6354(46.90) 1554(60.44)
  Male 8887(51.35) 7653(53.10) 1234(39.56)
Race, n (%) < 0.0001
  Mexican American 2394(7.80) 2024(7.93) 370(6.90)
  Non-Hispanic White 7751(71.27) 6566(71.82) 1185(67.58)
  Non-Hispanic Black 3293(9.44) 2490(8.43) 803(16.27)
  Other Hispanic 1619(5.10) 1344(5.11) 275(5.05)
  Other Race 1738(6.38) 1583(6.71) 155(4.20)
Marital status, n (%) < 0.0001
  Divorced/Separated/Widowed 3312(16.70) 2410(15.10) 902(27.47)
  Married/Living with a partner 10,104(64.12) 8609(64.70) 1495(60.24)
  Never married 3379(19.18) 2988(20.20) 391(12.29)
Education levels, n (%) < 0.0001
  High school and below 6751(32.88) 5327(31.29) 1424(43.61)
  Above high school 10,044(67.12) 8680(68.71) 1364(56.39)
Poverty ratio, n (%) < 0.0001
  <1.3 4584(17.90) 3621(16.94) 963(24.38)
  1.3–3.5 6227(33.92) 5123(33.24) 1104(38.50)
  >3.5 5984(48.18) 5263(49.82) 721(37.13)
BMI, n (%) < 0.0001
  <25 4933(30.29) 4367(31.81) 566(20.00)
  25-29.99 5588(33.15) 4747(33.51) 841(30.69)
  ≥30 6274(36.56) 4893(34.68) 1381(49.31)
Smoke, n (%) < 0.0001
  No 8692(53.35) 7497(54.66) 1195(44.49)
  Yes 8103(46.65) 6510(45.34) 1593(55.51)
Alcohol user, n (%) < 0.0001
  No 6101(35.81) 4949(34.59) 1152(44.06)
  Yes 10,694(64.19) 9058(65.41) 1636(55.94)
Moderate recreational activity, n (%) < 0.0001
  No 7827(41.01) 6127(38.70) 1700(56.62)
  Yes 8968(58.99) 7880(61.30) 1088(43.38)
Sitting time, n (%) 0.96
  <5 6702(36.19) 5605(36.19) 1097(36.25)
  ≥5 10,093(63.81) 8402(63.81) 1691(63.75)
Hypertension, n (%) < 0.0001
  No 11,395(71.02) 10,098(74.05) 1297(50.51)
  Yes 5400(28.98) 3909(25.95) 1491(49.49)
Diabetes, n (%) < 0.0001
  No 14,814(90.74) 12,691(92.46) 2123(79.08)
  Borderline 347(1.81) 255(1.60) 92(3.25)
  Yes 1634(7.45) 1061(5.94) 573(17.67)
Hyperlipidemia, n (%) < 0.0001
  No 5155(31.37) 4570(32.97) 585(20.52)
  Yes 11,640(68.63) 9437(67.03) 2203(79.48)
CVD, n (%) < 0.0001
  No 16,428(98.50) 13,788(98.91) 2640(95.72)

Table 1  Baseline characteristics of the study population by OAB
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to hypothesize that a diet high in active microbes may 
reduce the incidence of OAB in the population. More-
over, this protective effect implies guidance in the long-
term comprehensive treatment of OAB patients.

However, despite these promising findings, the applica-
bility of our results to populations outside of the United 
States remains to be determined. Future research should 
specifically focus on replicating this study in diverse 
international settings to explore the potential influence 
of varying dietary habits and microbiome compositions 
on the incidence of OAB. Such studies will be crucial in 
establishing the global relevance of our findings and in 
understanding how different cultural and environmen-
tal factors may affect the relationship between diet and 
OAB.

Our findings contribute to the growing body of lit-
erature emphasizing the pivotal role of diet in the man-
agement of OAB. Consistent with prior research [17, 
25–27], our results reinforce the concept that micro-
nutrient intake, specifically vitamin D, potassium, and 
protein, can significantly impact OAB outcomes. While 
these nutrients have been traditionally highlighted, our 
study uniquely focuses on the broader impact of dietary 
microbes on OAB, extending the discussion beyond 
single nutrients to consider dietary patterns. Previous 
investigations have demonstrated a correlation between 
high-fat and high-sugar diets and the increased incidence 
of OAB [2, 15]. These findings align with our observa-
tions that diets rich in active microbes—typically abun-
dant in vegetables, fruits, and dairy products—tend to 
be associated with a lower prevalence of OAB. This sug-
gests a potential protective role of these diets, which 
is further supported by the inverse relationship we 
observed between microbial-rich diets and OAB symp-
toms. Furthermore, the study by Demirbas et al. [28]. 
, which reported that 61.4% of OAB patients had acidic 
urine, complements our findings regarding the impact 
of diet on urine pH levels. Our study extends this by 
showing that diets high in active microbes can modu-
late urine acidity, potentially influencing OAB dynamics. 
This aligns with broader dietary impacts, such as those 
from Western diets characterized by high fat and protein 
intake, which are known to lower urine pH and are asso-
ciated with increased OAB risk [29–31].

The gut microbiota constitutes a group of microorgan-
isms living in the digestive tract that play a crucial role in 
the host’s health and disease [32]. Although our stratified 
analysis considered the influence of different populations 
on the association between dietary microbe intake and 
OAB, variations in dietary habits across different demo-
graphic groups may lead to variations in OAB prevalence. 
For instance, demographic characteristics such as age, 
gender, ethnicity, and geographical location might signifi-
cantly influence dietary preferences and digestive func-
tions, which in turn affect the composition and diversity 
of the gut microbiota. Additionally, populations from dif-
ferent cultural and geographic backgrounds may adopt 
different dietary patterns, further influencing the epide-
miological characteristics of OAB. For example, a Medi-
terranean diet, rich in fibers, fruits, and olive oil, might 
promote a higher diversity of gut microbiota compared 
to a Western diet predominantly consisting of processed 
foods [33], potentially playing different roles in OAB 
management. Additionally, the antioxidant properties of 
fruits and the timing of their consumption may influence 
gut microbiota [34], thereby indirectly affecting OAB 
symptoms. The “gut microbiota-gut-brain axis” appears 
to play a significant role in this relationship, as suggested 
by recent studies showing how dietary patterns influence 
gut microbiota diversity and, subsequently, host health 
[35]. Our findings suggest that enhancing gut microbiota 
diversity through diets rich in active microbes may not 
only improve gut health but also mitigate OAB symp-
toms, a novel insight that adds to the existing literature 
on the gut-brain connection in OAB management.

Moreover, lifestyle factors such as sleep patterns and 
psychological health could also confound the observed 
relationships. A study indicated a significant increase in 
the risk of OAB in patients with moderate and poor sleep 
patterns by 26% and 38%, respectively [36]. Psychological 
factors such as anxiety and depression, which are preva-
lent in OAB patients, can further exacerbate the condi-
tion and thus form a vicious cycle [3, 32]. Additionally, 
the quality of life, sleep quality, and psychological health 
of OAB patients are severely affected, with psychological 
factors such as anxiety and depression often being risk 
factors, which may further reduce the quality of life of 
OAB patients, thus forming a vicious cycle [3, 37]. This is 

Variable Overall (n = 23708) Without OAB (n = 14007) With OAB (n = 2788) P-value
  Yes 367(1.50) 219(1.09) 148(4.28)
eGFR (mL/min), mean (SE) 96.04(0.35) 97.16(0.35) 88.47(0.68) < 0.0001
Dietary live microbe group, n (%) < 0.001
  Low 5807(31.15) 4748(30.66) 1059(34.44)
  Medium 6797(38.77) 5679(38.66) 1118(39.51)
  High 4191(30.09) 3580(30.68) 611(26.05)
BMI Body mass index, eGFR estimated glomerular filtration rate, CVD Cardiovascular Disease, OAB Overactive bladder

Table 1  (continued) 
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Variable Overall (n = 23708) Low dietary live 
microbe group 
(n = 5807)

Medium dietary 
live microbe group 
(n = 6797)

High dietary live 
microbe group 
(n = 4191)

P-value

Age, y, mean (SE) 45.52(0.28) 43.09(0.34) 46.82(0.37) 46.35(0.37) < 0.0001
Age strata, y, n (%) < 0.0001
  20–39 6537(39.72) 2476(45.12) 2426(36.85) 1635(37.83)
  40–59 5765(38.54) 1962(38.05) 2387(39.38) 1416(37.97)
  ≥60 4493(21.73) 1369(16.83) 1984(23.76) 1140(24.20)
Sex, n (%) < 0.0001
  Female 7908(48.65) 2471(42.83) 3216(49.23) 2221(53.92)
  Male 8887(51.35) 3336(57.17) 3581(50.77) 1970(46.08)
Race, n (%) < 0.0001
  Mexican American 2394(7.80) 739(7.86) 1172(9.62) 483(5.40)
  Non-Hispanic White 7751(71.27) 2373(65.30) 3012(69.70) 2366(79.47)
  Non-Hispanic Black 3293(9.44) 1594(14.63) 1181(8.58) 518(5.18)
  Other Hispanic 1619(5.10) 517(5.30) 690(5.36) 412(4.57)
  Other Race 1738(6.38) 584(6.92) 742(6.73) 412(5.38)
Marital status, n (%) < 0.0001
  Divorced/Separated/Widowed 3312(16.70) 1247(18.26) 1320(16.93) 745(14.78)
  Married/Living with a partner 10,104(64.12) 3200(58.60) 4247(65.53) 2657(68.01)
  Never married 3379(19.18) 1360(23.14) 1230(17.53) 789(17.21)
Education levels, n (%) < 0.0001
  High school and below 6751(32.88) 2822(43.15) 2668(30.91) 1261(24.77)
  Above high school 10,044(67.12) 2985(56.85) 4129(69.09) 2930(75.23)
Poverty ratio, n (%) < 0.0001
  <1.3 4584(17.90) 2008(24.77) 1706(16.16) 870(13.02)
  1.3–3.5 6227(33.92) 2274(37.88) 2529(33.02) 1424(30.97)
  >3.5 5984(48.18) 1525(37.35) 2562(50.82) 1897(56.01)
BMI, n (%) < 0.0001
  <25 4933(30.29) 1630(28.10) 1982(30.36) 1321(32.46)
  25-29.99 5588(33.15) 1813(30.74) 2310(33.50) 1465(35.18)
  ≥30 6274(36.56) 2364(41.16) 2505(36.13) 1405(32.36)
Smoke, n (%) < 0.0001
  No 8692(53.35) 2728(47.36) 3628(54.79) 2336(57.69)
  Yes 8103(46.65) 3079(52.64) 3169(45.21) 1855(42.31)
Alcohol user, n (%) < 0.0001
  No 6101(35.81) 1841(30.83) 2594(37.16) 1666(39.24)
  Yes 10,694(64.19) 3966(69.17) 4203(62.84) 2525(60.76)
Moderate recreational activity, n (%) < 0.0001
  No 7827(41.01) 3129(50.32) 3067(39.35) 1631(33.49)
  Yes 8968(58.99) 2678(49.68) 3730(60.65) 2560(66.51)
Sitting time, n (%) < 0.001
  <5 6702(36.19) 2291(36.77) 2901(38.10) 1510(33.14)
  ≥5 10,093(63.81) 3516(63.23) 3896(61.90) 2681(66.86)
Hypertension, n (%) 0.43
  No 11,395(71.02) 3877(70.27) 4594(70.94) 2924(71.89)
  Yes 5400(28.98) 1930(29.73) 2203(29.06) 1267(28.11)
Diabetes, n (%) 0.04
  No 14,814(90.74) 5121(90.67) 5926(89.90) 3767(91.90)
  Borderline 347(1.81) 106(1.53) 155(2.08) 86(1.76)
  Yes 1634(7.45) 580(7.80) 716(8.03) 338(6.34)
Hyperlipidemia, n (%) 0.06
  No 5155(31.37) 1811(31.89) 2008(30.03) 1336(32.55)
  Yes 11,640(68.63) 3996(68.11) 4789(69.97) 2855(67.45)
CVD, n (%) 0.03

Table 2  Baseline characteristics of the study population by various dietary live microbes
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consistent with our observations, suggesting that dietary 
interventions could potentially alleviate some symptoms 
by improving overall psychological well-being and sleep 
quality.

In light of these insights, our study supports the 
notion that a comprehensive dietary plan enriched with 
active microbes could be a viable strategy for the long-
term management of OAB. This approach not only aims 
to adjust dietary patterns to enhance microbial intake 
but also considers the holistic impact of diet on the gut 
microbiota, psychological factors, and overall health. 
To translate these findings into clinical practice, health-
care providers could integrate dietary advice focusing 
on active microbial consumption into routine manage-
ment strategies for OAB patients. This dietary guidance 
could be tailored to individual patient needs based 
on their dietary habits and health status, promoting 

a proactive and personalized approach to OAB man-
agement. In terms of public health interventions, our 
findings advocate for the development of educational 
campaigns and nutritional guidelines that emphasize the 
benefits of microbial-rich diets. Public health authorities 
could collaborate with dietitians and clinicians to create 
and disseminate these guidelines, aiming to reduce the 
prevalence of OAB and improve urinary health across 
the population. Additionally, these interventions could 
be included in broader health promotion programs that 
address dietary habits, potentially mitigating other diet-
related conditions and enhancing overall well-being. The 
potential for dietary interventions to address psycho-
somatic aspects of OAB introduces an innovative angle 
for future research and therapy. By demonstrating a sig-
nificant correlation between diet and OAB, our research 
paves the way for more integrative treatment protocols 

Table 3  Association of different dietary live microbe groups with OAB
Exposure Crude model Model 1 Model 2

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Dietary Live Microbe Intake group
  Low 1 (Ref.) 1 (Ref.) 1 (Ref.)
  Medium 0.91(0.80,1.04) 0.16 0.85(0.74,0.98) 0.02 0.91(0.78,1.05) 0.19
  High 0.76(0.66,0.87) < 0.001 0.77(0.65,0.90) 0.001 0.84(0.71,0.99) 0.03
  P for trend < 0.001 0.001 0.03
Crude model: unadjusted model;

Model 1: Adjusted for age, sex, race, education levels, marital status, poverty ratio;

Model 2: Additionally adjusted for BMI, smoke, alcohol user, recreational activity, sitting time, eGFR, hypertension, diabetes, hyperlipidemia and CVD.

OR odds ratio, CI confidence interval

Variable Overall (n = 23708) Low dietary live 
microbe group 
(n = 5807)

Medium dietary 
live microbe group 
(n = 6797)

High dietary live 
microbe group 
(n = 4191)

P-value

  No 16,428(98.50) 5652(98.19) 6659(98.43) 4117(98.90)
  Yes 367(1.50) 155(1.81) 138(1.57) 74(1.10)
eGFR (mL/min), mean (SE) 96.04(0.35) 98.36(0.44) 94.98(0.46) 94.98(0.48) < 0.0001
UUI frequency, n (%) 0.21
  Never 13,332(81.76) 4601(82.06) 5390(81.15) 3341(82.23)
  Less than once a month 1714(9.45) 607(9.13) 675(9.41) 432(9.84)
  A few times a month 1070(5.60) 350(5.44) 463(6.19) 257(4.99)
  A few times a week 438(2.15) 172(2.48) 164(2.15) 102(1.80)
  Every day and/or night 241(1.04) 77(0.89) 105(1.09) 59(1.14)
Nocturia frequency, n (%) < 0.001
  0 5613(36.35) 1915(36.28) 2199(35.43) 1499(37.61)
  1 6618(41.46) 2162(39.15) 2771(42.48) 1685(42.54)
  2 2826(14.60) 1047(15.63) 1140(14.55) 639(13.61)
  3 1243(5.60) 486(6.38) 494(5.72) 263(4.63)
  4 340(1.44) 131(1.80) 130(1.28) 79(1.28)
  5 or more? 155(0.55) 66(0.77) 63(0.53) 26(0.33)
OAB, n (%) < 0.001
  No 14,007(87.11) 4748(85.74) 5679(86.86) 3580(88.84)
  Yes 2788(12.89) 1059(14.26) 1118(13.14) 611(11.16)
BMI Body mass index, eGFR estimated glomerular filtration rate, CVD Cardiovascular Disease, UUI urge urinary incontinence, OAB Overactive bladder

Table 2  (continued) 
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that combine dietary management with conventional 
medical therapies. This holistic approach could poten-
tially lead to better patient outcomes, fewer side effects, 
and a greater emphasis on prevention rather than solely 
treatment.

The strengths of our study are multifaceted. Firstly, it 
utilizes a substantial sample from the NHANES database, 
enhancing the reliability and generalizability of our find-
ings across diverse populations. Secondly, this study is 
the first to explore the link between the consumption of 
active microbes and the development of OAB. Addition-
ally, the accuracy of the model was improved by incor-
porating a variety of influencing factors. Despite some 
observed discrepancies, both the unadjusted model and 
Models 1 and 2 demonstrated consistent outcomes. 
However, this study is not without limitations. The reli-
ance on cross-sectional and retrospective data from the 
NHANES poses challenges in establishing a causal link 
between the dietary intake of active microbes and OAB. 
The retrospective nature of NHANES data may introduce 
recall biases and limits our ability to make causal claims. 
The accuracy of participant-reported dietary intake and 
OAB symptoms, especially over prolonged durations, 
could lead to classification errors, where dietary habits 
and symptom severities are inaccurately reported. Our 
study’s cross-sectional design is effective for identify-
ing associations at a specific time point but is limited in 
establishing causality between the intake of dietary live 

microbes and OAB. A primary drawback of this approach 
is its inability to determine the temporal sequence of the 
relationships observed. With dietary intake and OAB 
symptoms assessed simultaneously, it is difficult to dis-
cern whether a high intake of live microbes precedes a 
reduction in OAB symptoms or if individuals with fewer 
symptoms are more inclined to consume such diets. 
Moreover, categorizing live microorganism intake into 
distinct levels (low, medium, high) may oversimplify the 
complexities of dietary patterns and obscure subtle cor-
relations between microbe levels and OAB outcomes. 
Variations in NHANES methods for assessing dietary 
intake over the years might also influence the consistency 
and accuracy of this categorization, potentially introduc-
ing additional variability that could skew the results.

To address some of the biases inherent in retrospec-
tive data, we employed multivariable logistic regression 
and RCS regression models, adjusting for a wide array 
of known confounders. To further mitigate the limita-
tions associated with retrospective data and categoriza-
tion, future research should consider prospective cohort 
studies that facilitate real-time data collection and enable 
a more detailed analysis of dietary intake. Longitudinal 
designs would allow for a clearer observation of temporal 
relationships and causal mechanisms.

In conclusion, while our study indicates a potential 
protective role of active microbes against OAB, the limi-
tations inherent in using retrospective, self-reported 

Fig. 3  Illustrates the correlation between OAB and high dietary live microbe intake. The ORs, represented by solid lines, were adjusted for sex, age, race, 
education levers, marital status, poverty ratio, BMI, smoking, alcohol user, recreational activity, sitting time, eGFR, hypertension, diabetes, hyperlipidemia 
and CVD, while their corresponding 95% CIs (shaded areas) were also taken into account
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Fig. 4  Stratified analysis of the correlation between high and low dietary intake of live microbial groups and OAB
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NHANES data necessitate a cautious interpretation of 
these findings. Prospective studies and experimental 
research that utilize more objective methods for assess-
ing dietary intake and OAB symptoms are crucial to 
confirm and expand our understanding of these relation-
ships. Employing such methodological rigor will establish 
a more reliable, causally-informed basis for dietary rec-
ommendations in managing OAB.

Conclusion
Our study indicates that a high dietary intake of live 
microorganisms is correlated with a lower incidence of 
OAB. Furthermore, additional prospective studies and 
animal experiments are needed to explore the causal rela-
tionship and specific pathological mechanisms between 
the dietary intake of active microbes and OAB.
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