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Association of domain-specific
physical activity with nocturia: a
population-based study

Yangtao Jia, Rui Shen, Xinke Dong, FangzhengYang, Libin Zhou™ & Huimin Long™’

Nocturia is the most prevalent lower urinary tract symptom (LUTS) and is closely associated with
various diseases and social burdens. Research on the relationship between physical activity and various
diseases has progressed significantly. However, the association between nocturia and physical activity
has received limited attention in prior studies. Thus, this study aimed to investigate the relationship
between different domains of physical activity (e.g., occupation-related physical activity [OPA],
transportation-related physical activity [TPA], and leisure-time physical activity [LTPA]) and nocturia.
We included 5516 participants from the cross-sectional National Health and Nutrition Examination
Survey (NHANES) conducted between 2007 and 2012, employing survey-weighted logistic regression,
restricted cubic splines (RCS), subgroup analysis, and sensitivity analysis to assess the relationship
between different domains of physical activity and nocturia. Multivariable logistic regression analysis
revealed a significant negative correlation between PA, LTPA, and nocturia. Specifically, PA (OR
0.7523, 95% C1 0.6307-0.8974, P=0.002) and LTPA (OR 0.7664, 95% CI 0.6314-0.9304, P =0.007) were
negatively associated with nocturia. The RCS curve demonstrated non-linear relationships between
PA, LTPA, and nocturia. Additionally, subgroup analyses and sensitivity analyses further validated this
association. Based on this cross-sectional study, we suggested that PA and LTPA are associated with
areduced risk of nocturia in adults aged 20 years and older in the United States. This underscores the
importance of physical activity in preventing and managing nocturia may provide valuable guidance for
clinical practice.
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Nocturia is the most common and bothersome lower urinary tract symptom (LUTS), accounting for 33%
of all LUTS-related complaints'. This symptom may be associated with multiple factors, including excessive
urine production, increased nocturnal urine output, bladder storage issues, and reduced bladder capacity?. The
International Continence Society defined nocturia as "the need to routinely void one or more times during the
night, with each void preceded and followed by sleep, with two or more voids per night considered an average
threshold for bothersomeness’." Typically, two or more voids per night are associated with decreased quality
of life and increased mortality®S. Previously, nocturia was not defined as an independent symptom; instead, it
was considered a manifestation of overactive bladder (OAB) and benign prostatic hyperplasia (BPH)”%. With
continued research, nocturia has been identified as an independent symptom strongly associated with various
chronic diseases and contributes to significant societal burdens, garnering widespread research interest3-1°.
Nocturia is not only highly prevalent—for example, among individuals aged 0-40 years, nocturia prevalence
ranges from 11.0% to 35.2% in men and 20.4% to 43.9% in women, and in individuals aged 40-65 years,
prevalence can reach 50%—but is also often challenging to treat in men!!~!3, Furthermore, studies have shown
that nocturia is associated with several adverse health outcomes, such as depression, sleep disturbances, diabetes,
and elevated mortality!4-!°.

Physical activity (PA) is a complex behavior that generates energy expenditure and is typically classified by
light, moderate, or vigorous intensity. The Global Physical Activity Questionnaire (GPAQ), developed by the
World Health Organization (WHO) as a tool for monitoring PA, has not only been validated for assessing risk
factors for non-communicable diseases and chronic diseases but has also been widely used in various countries'”.
It assesses physical activity at work, during leisure time, and for transportation purposes and distinguishes
between moderate and vigorous physical activity. Additionally, it includes questions on sedentary behaviour in
daily life.

The Affiliated Lihuili Hospital of Ningbo University, Ningbo, Zhejiang, People’s Republic of China. ®email:
zlburo2013@sina.com; lhllonghuimin@nbu.edu.cn

Scientific Reports | (2025) 15:2768 | https://doi.org/10.1038/s41598-025-86182-w nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-86182-w&domain=pdf&date_stamp=2025-1-21

www.nature.com/scientificreports/

Previous studies have suggested that PA can reduce the risk of various diseases, such as diabetes, depression,
and colorectal cancer, through multiple mechanisms'3-%°. Specifically, several studies have indicated that physical
activity and moderate exercise can significantly reduce nocturnal urine output?'-23. This effect may occur
through mechanisms such as reducing sympathetic nervous system activity and lowering systemic inflammation
levels!**. However, a study has also shown that increased physical activity significantly increases nighttime and
24-h urine output, conflicting with the previously mentioned findings*®. In summary, whether all domains of
PA (e.g., occupation-related physical activity [OPA], transportation-related physical activity [TPA], and leisure-
time physical activity [LTPA]) exert equally beneficial effects on nocturia remains unclear and controversial. Few
studies have investigated the relationship between PA and nocturia, with most previous research focusing on
total PA and little attention given to the correlation between different domains of PA and nocturia.

Given the above discussion, it is necessary to study the relationship between different domains of PA and
nocturia through a large population study. Thus, in this paper, we explored the relationship between different
domains of physical activity (including OPA, TPA, LTPA, and total PA) and nocturia risk in adults of all ages by
analyzing data from the National Health and Nutrition Examination Survey (NHANES), suggested that physical
activity is associated with a reduced risk of nocturia, thereby filling the existing knowledge gap.

Participants and methods

Data source

The study population was derived from the NHANES, a nationally representative cross-sectional survey of the
civilian, noninstitutionalized population residing in the United States. This survey collected comprehensive data
on the health and nutritional status of U.S. citizens to assess the population’s overall well-being. The data were
classified into five categories: "Demographics Data," "Dietary Data," "Examination Data," "Laboratory Data," and
"Questionnaire Data." Relevant data for this study were extracted from these categories. Specifically, we obtained
data on nocturia and physical activity from the "Kidney Conditions—Urology" and “Physical Activity” files
within the “Questionnaire Data” category. These data are available on the NHANES website (https://wwwn.cdc
.gov/nchs/nhanes/default.aspx).

Study population

We selected cross-sectional data from three NHANES cycles: 2007-2008, 2009-2010, and 2011-2012. A total
of 30,442 participants were included in the study, from which those meeting the following exclusion criteria
were removed: (1) under the age of 20; (2) participants with missing nocturia data (3) participants with
missing physical activity data; (4) Participants with missing covariate data. The missing variables included
education status, PIR status, marital status, cotinine, drinking status, hypertension history, diabetes history, and
hyperlipidemia history; (5) those diagnosed with prostate cancer; (6) those who had undergone prostate surgery;
(7) those with prostate infection or inflammation; (8) those who had undergone a digital rectal exam within the
past seven days; (9) those who had undergone a prostate biopsy within the past four weeks; (10) those who had
undergone cystoscopy within the past four weeks; (11) those who had used diuretics within the past month; (12)
pregnant or breastfeeding women. Following this rigorous screening process, the final sample consisted of 5516
participants. The participant selection process was illustrated in Fig. 1.

Exposure and outcome

Nocturia screening was conducted using a questionnaire that 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 until waking up in the
morning?" Responses were categorized into six groups: 0 times/night, 1 time/night, 2 times/night, 3 times/night,
4 times/night, and 5 or more times/night. Participants reporting urinating>2 times per night were defined as
having nocturia.

The Physical Activity Questionnaire (PAQ), based on the GPAQ, assesses the physical activity levels of all
participants (Figure S1). This questionnaire categorized physical activity into OPA, (work-related PA, including
paid or unpaid work, household chores, and yard work) TPA (transport-related physical activity, including
walking or riding a bicycle), and LTPA (any physical activity for recreation like sports, fitness, and leisure
activities)?. and recorded the frequency (number of times per week) and duration (time per session) of these
activities. OPA and LTPA were further subdivided into vigorous and moderate activities based on intensity. The
formula for calculating the weekly duration of OPA and LTPA (in minutes) is as follows: Duration of OPA and
LTPA per week (min)=(number of vigorous physical activity sessions per week x duration of each vigorous
session x 2) + (number of moderate-intensity sessions per week x duration of each moderate-intensity session).
Duration of TPA per week (min) = number of moderate-intensity sessions per week x duration of each moderate-
intensity session®”. Total physical activity is the sum of OPA, TPA, and LTPA.

Participants were classified as having diabetes if they met any of the following criteria: (1) previously diagnosed
with diabetes, (2) taking prescription diabetes medications, (3) fasting blood glucose level > 12.6 mmol/L, or (4)
hemoglobin Alc level 26.5%%.

Hypertension was diagnosed in participants who met any of the following criteria: (1) previously diagnosed
with hypertension, (2) taking prescription hypertension medications, (3) systolic blood pressure>130 mmHg,
or diastolic blood pressure >80 mmHg during physical examination®.

According to the Adult Treatment Panel ITI (ATP III) of the National Cholesterol Education Program (NCEP),
hyperlipidemia was defined by any of the following criteria: total cholesterol level 2200 mg/dL, triglyceride
level 2150 mg/dL, high-density lipoprotein (HDL) level <40 mg/dL in men or<50 mg/dL in women, or low-
density lipoprotein (LDL) level > 130 mg/dL*.
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Participants from NHANES
2007-2012 with age=20

(n=17713)
Exclusion:
Missing data on nocturia status data
(n= 2529)
Participants with complete
serum albumin data
(n=15184)
Exclusion:
Missing data on physical activity
(n=29)

Participants with complete
physical activity data
(n=15155)

Exclusion:

Missing Education status (n=18); Marital status (n=9); Cotinine (n= 717) ;
Drinking status (n= 7); Hypertension history (n= 277); Diabetes history (n=
5705); PIR status (n= 1261); hyperlipemia history (n= 347);

Participants screened by specific
exclusion criteria(n= 6814)

Exclusion:
had prostate surgery (n=26); diagnosed with prostate cancer (n= 39)

; had infection or inflammation of prostate (n=9); had rectal exam in the last
7 days (n=8); had prostate biopsy in last 4 weeks (n=2) ;had cystoscopy in
Adults included in the last 4 weeks (n=2); had used diuretics for one month(n=1127); pregnant

analyzed(n= 5516) or lactating women(n=85)

Fig. 1. The flowchart of the selection process for participants from 2007 to 2012.

Covariates

This study included three types of covariates: sociodemographic factors (age, gender, race/ethnicity, education
level, PIR, marital status), lifestyle behaviors (serum cotinine concentration, alcohol consumption), and
chronic diseases (hypertension, diabetes, hyperlipidemia). Participants were divided into two age groups
(20-50 years,>50 years), and race was categorized into five groups (non-Hispanic White, non-Hispanic Black,
Mexican American, other Hispanic, and other races). Educational attainment was classified as less than high
school, high school graduate, and more than high school. PIR (<1, 1-4,>4) and serum cotinine concentration
(<0.015 ng/mL, 0.015-3 ng/mL,>3 ng/mL) were divided into three categories. Gender (male, female), marital
status (married/living with partner, widowed/divorced/separated/never married), diabetes history (yes, no),
hypertension history (yes, no), alcohol consumption history (yes, no), and hyperlipidemia history (yes, no) were
also categorized into two groups.

Statistical analysis

Given the complex stratified and cluster sampling design of NHANES, we performed weighted analyses
in this study. Since data from three cycles were included, the combined weight was expressed as
WEIGHT,, ,=(1/3) x WTMEC2YR .+ (1/3) x WIMEC2YR , | +(1/3) x WTMEC2YR, ,,. Initially, we
utilized t-tests or ANOVA to compare differences between groups and assess the characteristics of nocturia and
non-nocturia participants, with continuous variables expressed as mean * standard deviation and categorical
variables presented as counts and percentages. Subsequently, we employed survey-weighted logistic regression
models to evaluate the relationship between different domains of physical activity and nocturia risk. Model 1 was
unadjusted; Model 2 adjusted for age, gender, and race; and Model 3 further adjusted for marital status, education
level, serum cotinine concentration, alcohol consumption, PIR, diabetes, hypertension, and hyperlipidemia,
based on Model 2. Additionally, weighted restricted cubic splines (RCS) were applied to analyze the non-linear
relationship between various domains of physical activity and nocturia, adjusting for all covariates. Finally,
interaction and stratified analyses were conducted considering the listed covariates, and propensity score
matching (PSM) was performed to verify the stability of the relationship between physical activity domains and
nocturia risk. All statistical analyses were conducted using R software (version 4.2.2) and STATA v16.0, with a
significance threshold set at P <0.05.

Results

Prevalence analysis

We first analyzed the prevalence of nocturia from 2007 to 2012 and created a bar-line chart to present the results
intuitively (Fig. 2). The findings indicated a high prevalence of nocturia in the overall population, with a notable
increase in prevalence as age increased.
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Fig. 2. The prevalence of nocturia in the NHANES database from 2007 to 2012.

Baseline characteristics

The research included 5516 participants from the NHANES cycles between 2007 and 2012 (Table 1). In this
study, 48.15% of the participants were male, 51.85% were female, and the mean age was 46.26 years (+ 0.6 years).
Participants were further divided into two groups based on nocturia status: the non-nocturia group comprised
3923 participants (71.12%), while 1593 participants (28.88%) reported nocturia. Significant differences were
observed between the two groups in most characteristics, particularly in PA, LTPA, and OPA, which were
significantly lower in the nocturia group. However, no significant difference was found in TPA or cotinine levels.

Linear association between physical activity and nocturia

We utilized a survey-weighted logistic regression model to assess the associations between different domains
of physical activity and the risk of nocturia. As shown in Table 2, total PA (OR: 0.5176, 95% CI: 0.4418-0.6064,
P <0.0001), OPA (OR: 0.8056, 95% CI: 0.6832-0.9500, P=0.01), and LTPA (OR: 0.5227, 95% CI: 0.4382-0.6235,
P <0.0001) were negatively associated with nocturia risk. After adjusting for all confounders, the association
between OPA and nocturia was no longer significant, while total PA (OR: 0.7523, 95% CI: 0.6307-0.8974,
P=0.002) and LTPA (OR: 0.7664, 95% CI: 0.6314-0.9304, P = 0.007) remained negatively associated with nocturia
risk. We further examined the dose-response relationship between PA and nocturia by categorizing PA into four
groups (0 min/week, 1-149 min/week, 150-299 min/week, and > 300 min/week) (Fig. 3). Even in fully adjusted
models, total PA in the 150-299 min/week (OR: 0.7121, 95% CI: 0.5296-0.9575, P=0.025) and =300 min/week
(OR: 0.7279, 95% CI: 0.5937-0.8925, P =0.002) groups showed a significant negative association with nocturia
risk. LTPA =300 min/week (OR: 0.7368, 95% CI: 0.5796-0.9365, P=0.013) also demonstrated a significant
negative correlation.

Non-Linear relationship between physical activity and nocturia

In Model 3, we employed the RCS curve to describe the non-linear relationships between various physical
activity domains and nocturia, adjusting for all covariates (Fig. 4). In the RCS model, total PA (P for non-
linear <0.0001) and LTPA (P for non-linear=0.0486) exhibited significant non-linear relationships with
nocturia. Total PA initially decreased to a nadir at 7.143 h/week, then slightly increased and peaked at 47.619 h/
week before gradually decreasing again. LTPA decreased to a low point at 5.364 h/week, followed by a slight rise
and stabilization. No significant non-linear relationship was identified between TPA, OPA, and nocturia.

Propensity score matching and subgroup analyses

To further assess the robustness of the association between PA and nocturia, we performed sensitivity analyses
using PSM. The characteristics of the study population regarding PSM analysis were displayed in Table S1. After
applying the same survey-weighted logistic regression model, the results still indicated a negative association
between total PA (OR: 0.8393, 95% CI: 0.6901-1.020, P=0.039) and nocturia (Table 3). Furthermore, we
conducted subgroup analyses stratified by all confounders, revealing that PA was significantly associated with
nocturia across most strata, including age > 50, female, Non-Hispanic White, education level (more than high
school), marital status (married/living with partner), PIR between 1 and 4, cotinine concentration between
0.015 ng/mL and 3 ng/mL, alcohol consumption, hypertension, diabetes, and hyperlipidemia (Fig. 5). However,
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Nocturia No Yes All P-vaule
N 3923 (71.12%) | 1593(28.88) 5516(100%)

Age(years) 44.04+0.29 53.85+0.49 46.26+0.60 <0.0001
OPA 696.77 £28.82 | 576.82+45.48 | 669.57£24.56 | 0.004
TPA 91.01+£5.14 80.32+8.06 88.59+4.37 0.176
LTPA 236.77 £8.06 151.08£13.21 | 217.33+£6.93 <0.0001
PA 1024.55+31.26 | 808.22+48.95 | 975.49+26.62 | <0.0001
Age, n (%) <0.0001
20-50 2370 (60.41%) | 544 (34.15%) | 2914 (52.83%)

250 1553 (39.59%) | 1049 (65.85%) | 2602 (47.17%)

Gender, n (%) <0.0001
Female 2120 (54.04%), | 740 (46.45%), | 2860 (51.85%)

Male 1803 (45.96%), | 853 (53.55%), | 2656 (48.15%)

Race, n (%) <0.0001
Mexican American 633 (16.14%) 299 (18.77%) | 932 (16.90%)

Other Hispanic 395 (10.07%) 195 (12.24%) | 590 (10.70%)
Non-Hispanic White 1928 (49.15%) | 644 (40.43%) | 2572 (46.63%)
Non-Hispanic Black 621 (15.83%) 370 (23.23%) | 991 (17.97%)

Other Race: Including Multi-Racial 346 (8.82%) 85 (5.34%) 431 (7.81%)

Education, n (%) <0.0001
Less than high school 885 (22.56%) 616 (38.67%) | 1501 (27.21%)

High school 862 (21.97%) 374 (23.48%) | 1236 (22.41%)

More than high school 2176 (55.47%) | 603 (37.85%) | 2779 (50.38%)
Marital status, n (%) 0.001
Widowed/Divorced/Separated/Never married | 1561 (39.79%) | 709 (44.51%) | 2270 (41.15%)
Married/Living with partner 2362 (60.21%) | 884 (55.49%) | 3246 (58.85%)
PIR, n (%)

<1 799 (20.37%) 465 (29.19%) | 1264 (22.92%)

1-4 2047 (52.18%) | 843 (52.92%) | 2890 (52.39%)

>4 1077 (27.45%) | 285 (17.89%) 1362 (24.69%)
Cotinine(ng/mL), n (%) 0.225
<0.015 885 (22.56%) 357 (22.41%) | 1242 (22.52%)

0.015-3 1906 (48.59%) | 810 (50.85%) | 2716 (49.24%)

>3 1132 (28.86%) | 426 (26.74%) | 1558 (28.25%)
Drink at least 12 drinks/year, n (%) <0.0001
No 923 (23.53%) | 496 (31.14%) | 1419 (25.73%)

Yes 3000 (76.47%) | 1097 (68.86%) | 4097 (74.27%)
Diabetes history, n (%) <0.0001
No 3221 (82.11%) | 1049 (65.85%) | 4270 (77.41%)

Yes 702 (17.89%) 544 (34.15%) | 1246 (22.59%)
Hypertension history, n (%) <0.0001
No 2050 (52.26%) | 529 (33.21%) | 2579 (46.75%)

Yes 1873 (47.74%) | 1064 (66.79%) | 2937 (53.25%)
Hyperlipidemia history, n (%) 0.001
No 1246 (31.76%) | 434 (27.24%) | 1680 (30.46%)

Yes 2677 (68.24%) | 1159 (72.76%) | 3836 (69.54%)

Table 1. Characteristics of study population. Significant values are in [bold].

no significant interaction effects were observed. In the subgroup analysis of the association between total PA and
nocturia frequency, we identified a significant interaction effect in the hyperlipidemia (P =0.006) (Figure S2).

Discussion

Although some studies have explored the association between physical activity and LUTS, nocturia—recognized
as the most prevalent and bothersome LUTS in men—has received limited attention®. In this nationally
representative cross-sectional study, we refined the classification of PA domains and found that total PA and
LTPA were associated with a reduced risk of nocturia. These findings align with PA guidelines, which recommend
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Event Model 1 Model 2 Model 3

OR (95%CI) P-value | OR (95%CI) P-value | OR (95%CI) P-value
Total PA
No Reference Reference | Reference Reference | Reference Reference
Yes 0.5176 (0.4418, 0.6064) | <0.0001 | 0.6441 (0.5448,0.7615) | <0.0001 | 0.7523 (0.6307, 0.8974) | 0.002
Occupation-related PA
No Reference Reference | Reference Reference | Reference Reference
Yes 0.8056 (0.6832, 0.9500) | 0.01 0.9365 (0.7858, 1.1162) | 0.464 0.9416 (0.7863, 1.1276) | 0.513
Transportation-related PA
No Reference Reference | Reference Reference | Reference Reference
Yes 0.8409 (0.6719, 1.0524) | 0.13 0.9181 (0.7255, 1.1617) | 0.477 0.9437 (0.7387, 1.2058) | 0.643
Leisure-time PA
No Reference Reference | Reference Reference | Reference Reference
Yes 0.5227 (0.4382, 0.6235) | <0.0001 | 0.6131 (0.5099, 0.7372) | <0.0001 | 0.7664 (0.6314, 0.9304) | 0.007

Table 2. Multivariable OR for nocturia based on the meeting PA guideline. Model 1 adjusts for none. Model
2 adjusts for age, ethnicity, and gender. Model 3 adjusts for age, gender, ethnicity, education, marital status,
PIR status, serum cotinine, drinking status, hypertension history, diabetes history and hyperlipemia history.
Significant values are in [bold].

B C
Model 1 Model 2 Model 3
Physical activity OR (95%CI) P-value Physical acivity OR (95%CI P-value Physical actty OR (95%Cl} P-value
Total PA i Total PA ' Total PA
0 minfweek Reference Reference 0 minfweek Reference Referenct 0 minfiweek Reference Reference
1-149 miniveek 0.7036 {0.5452, 0.9081) = 0,007 1149 minfweek (0.7688 (0.5908, 1.0009) H—1 0.051 1-149 minfweek 0.9050 (0.6881, 1.1903)  —#— 0475
150-300 minfeek 04865 (0.3696, 0.6403) +a— i <0.0001 150-300 minfweek 05843 (04407,07748) +u— <0.0001 150-300 minfweek 0.7121{0.5296, 0.9575) +—#— 0025
2300 minfweek 04480{0.3716,05402) e+ _ <0.0001 2300 minfeek 05848 (04810,0.7108) <0.0001 2300 minfweek 0.7279{0.5937,0.8925) +a— 0002
Occupation-related PA i Occupation-elated PA Occupation-related PA
0 minhveek Reference Reference 0 minfweek Reference Referenct 0 minfweek Reference Reference
1-149 minfveek 0.9699 (0.7211, 1.3047) >—¢—| 084 1-149 minfweek 1.0042(0.8028, 1.4815) >—0—4 0569 1-149 minfweek 1.1582 (0.8365, 1.6035) i (376
150-300 minéeek 07659 {0.5262, 1.1105) >—0—r—4 0.159 150-300 minweek 0.7871 (05357, 1.164) H—v—‘ 0228 150-300 minfweek 0.8550(0.5828, 1.2542)  +——— 0423
2300 minfweek 0.8076 {0.6768, 0.9638) H—‘] 0018 2300 minviweek 0.9742 (0.8066, 1.1768) ’—H 0.787 2300 min‘week 0.9764 (0.8038, 1.1861) —— 081
Transportafion-related PA i Transportation-related PA Transportation-related PA
0 minfweek Reference ! Reference 0 minfvieek Reference Reference 0 minjiweek Reference Reference
1-149 miniweek 0.7602 {0.5807, 0.9782) H—| 0033 1-149 minfweek 1.0042(0.8028, 1.4915) r—i—i 0183 1-149 minfweek 0.8391(0.6431,1.0048) 0.1%
150-300 minfeek 0.7662 {0.5392, 1.0836) H—H 0137 150-300 minfiweek 0.7871(0.5357, 1.1564) H—v—' 0757 150-300 minfweek 0.9310(0.6364, 1.3618) +—#—— 0712
2300 minfweek 0.8435(0.6387, 1.1140) >—l—v-< 023 2300 minfweek 0.9742 (0.8066, 1.1768) H—! 0655 2300 min‘week 0917306742, 1.2481)  +—8— 0.583
Leisure-time PA E Leisure-fime PA 3 Leisure-ime PA
0 minfweek Reference Reference 0 minfweek Reference Reference 0 minfweek Reference Reference
1-149 miniweek 06667 (05319,08356)  +a— ] 1-149 minfweek 0750405017, 0951T) 0018 1-149 minweek 09349 (07296, 11979)  +—#— 059
150-300 minfiieek 05489{04243,07100)  +o— <0.0001 150-300 minweek 08209 (04758,08102) o <0.0001 150-300 minfweek 07793(0.5891,1.0311)  +—a— 0.081
2300 minfweek 04375{0.3507,0.5459) H <0.0001 2300 minfweek 05462 (04337, 0.6878) a4 <0.0001 2300 minkweek 07368 {0.5796, 0.9365)  +— 0013
050 0.75 1.00 125 06 09 12 15 0.500.751.001.251.50

Fig. 3. Odds ratios for the nocturia based on the amount of PA in model 1 (A), model 2 (B) and model 3 (C).

that adults engage in 150-300 min of moderate-intensity PA or 75-150 min of vigorous-intensity PA per week,
or a combination of both. However, no significant associations were observed for OPA or TPA.

There is increasing recognition that nocturia is a common chronic condition closely associated to a significant
decline in quality of life**2. Previous studies have identified several factors associated with nocturia, including
reduced bladder capacity, bladder storage issues, and excessive urine production. As research on nocturia
advances, some studies have focused on the impact of PA and demonstrated that appropriate PA serves as a
protective factor in preventing nocturia'*2!?2, However, few studies have investigated whether all PA domains
(such as OPA, TPA, and LTPA) affect nocturia equally. For this reason, we conducted a study using the NHANES
database to explore the relationship between PA, its various domains, and nocturia. Our findings were consistent
with previous reports, suggesting that PA may be an effective strategy for preventing nocturia. A study from
the PLCO screening trial cohort indicated a significant negative correlation between PA and severe nocturia
in men, with this correlation being more pronounced in individuals with nocturia'®. Additionally, Sugaya et al.
conducted an 8-week walking exercise program involving 30 older men, significantly reducing both nighttime
and daytime urination compared to pre-exercise levels?>. Furthermore, two studies investigated the potential
of PA interventions to reduce nocturia in older women found similar results. Yuko et al. recruited 35 older
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Fig. 4. Non-linear association between PA (A), OPA (B), TPA (C), LTPA (D) and nocturia.
Event Model 1 Model 2 Model 3
OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value
Total PA
No Reference Reference | Reference Reference | Reference Reference
Yes 0.5226 (0.4326, 0.6313) | <0.0001 | 0.7476 (0.6080, 0.9191) | 0.006 0.8393 (0.6901, 1.0208) | 0.039
Occupation-related PA
No Reference Reference | Reference Reference | Reference Reference
Yes 0.7897 (0.6517, 0.9569) | 0.016 1.0393 (0.8420, 1.2829) | 0.719 0.9536 (0.7763, 1.1714) | 0.651
Transportation-related PA
No Reference Reference | Reference Reference | Reference Reference
Yes 0.8880 (0.6833, 1.1540) | 0.374 1.0653 (0.8022, 1.4148) | 0.662 0.9168 (0.6947, 1.2100) | 0.54
Leisure-time PA
No Reference Reference | Reference Reference | Reference Reference
Yes 0.5504 (0.4495, 0.6738) | <0.0001 | 0.7089 (0.5712,0.8798) | 0.002 0.8412 (0.6731, 1.0514) | 0.129

Table 3. Multivariable OR for nocturia based on the meeting PA guideline in the propensity score matching.
Model 1 adjusts for none. Model 2 adjusts for age, ethnicity, and gender. Model 3 adjusts for age, gender,
ethnicity, education, marital status, PIR status, serum cotinine, drinking status, hypertension history, diabetes
history and hyperlipemia history. Significant values are in [bold].
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OR (95%CD

P-value P for interaction

Age ' 0.061
20-50 1.0254 (0.7774, 1.3525)  +—e—i 0.859
250 0.6062 (0.4782, 0.7685) +=~ E <0.0001
Gender : 0.062
Female 0.6491 (0.4987, 0.8448) r=~ ; 0.001
Male 0.8466 (0.6697, 1.0703) '-0-%' 0.164
Race . 0.144
Mexican American 0.9584 (0.6613, 1.3890) ——— 0.822
Other Hispanic 0.6501 (0.4181, 1.0109) H—E 0.056
Non-Hispanic White 0.6614 (0.5173, 0.8458) = | 0.001
Non-Hispanic Black 1.1080 (0.8147, 1.5070) e 0.513
Other Race - Including Multi-Racial 1.0236 (0.4374, 2.3957) —es————— 0957
Education E 0.536
Less than high school 0.8111 (0.6044, 1.0886) +=ri 0.163
High school 0.7436 (0.5224, 1.0583) —-— 0.1
More than high school 0.7094 (0.5433, 0.9262) '-—!E 0.012
Marital status : 0.967
Widowed/Divorced/Separated/Never married 0.7738 (0.5870, 1.0201) -— 0.069
Married/Living with partner 0.7396 (0.5898, 0.9276) '-HE 0.009
PIR : 0.721
<1 0.9070 (0.6635, 1.2399)  +=— 0.541
1-4 0.7142 (0.5623, 0.9072) '--'E 0.006
>4 0.7096 (0.4874, 1.0332) +=—4 0.074
Cotinine : 0.991
<0.015 0.7582 (0.5147, 1.1167) +=—i 0.161
0.015-3 0.7515 (0.5841, 0.9670) HH‘: 0.026
>3 0.7419 (0.5392, 1.0209) +=— 0.067
Drink at least 12 drinks/year : 0.851
No 0.6706 (0.4912, 0.9155) H—iE 0.012
Yes 0.7902 (0.6384, 0.9781)  += 0.031
Diabetes history : 0.893
No 0.7908 (0.6410, 0.9757) '--0: 0.029
Yes 0.6842 (0.4939, 0.9478) +=— 0.022
Hypertension history - 0.677
No 0.7359 (0.5562, 0.9737) ot 0.032
Yes 0.7575 (0.6038, 0.9502) '--'E 0.016
Hyperlipidemia history : 0.619
No 0.8617 (0.6051, 1.2271)  +—ari 0.409
Yes 0.7181 (0.5848, 0.8818) oy 0.002
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Fig. 5. Subgroup analysis of the association between physical activity and nocturia.

women for a 52-week exercise program, observing significant improvements in overactive bladder symptoms,
particularly in frequency and nocturia'®. Surveys from community-dwelling older women also indicated that
lower levels of PA were associated with more frequent nocturia episodes and more severe urinary incontinence
symptoms?!. Meanwhile, our study identified a correlation between the duration of PA and LTPA with nocturia,
and the RCS analysis provided an optimal weekly PA duration. Based on our results and previous studies, we
proposed that PA may influence nocturia and guide clinical treatment.

We reviewed the existing literature to further investigate the mechanisms by which PA may prevent nocturia.
One study hypothesized that sustained physical fitness reduces systemic sympathetic nervous system activity at
rest and decreases prostatic smooth muscle tension, alleviating lower urinary tract symptoms??. Interestingly,
studies have found that patients with nocturia significantly reduce nighttime urination frequency and daytime
serum catecholamine levels after exercise?*. The findings further supported previous hypotheses. Additionally,
other studies have indicated that elderly individuals with nocturia have significantly lower serum melatonin
levels compared to those without nocturia®., Melatonin, one of the most potent natural antioxidants, has been
reported to treat nocturia effectively when administered before sleep®. It has also been found that adjusting PA
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can enhance melatonin secretion®. Based on these findings, we suggested that PA might regulate nocturia by
promoting melatonin secretion. Furthermore, PA and exercise were well-established for their roles in weight
loss, reducing body fat, preventing type 2 diabetes, and maintaining reduced body weight after weight loss*”.
Previous studies have shown that obesity influences the development of nocturia through various mechanisms,
such as obesity-induced atherosclerosis in the pelvic arteries, which may result in ischemia-driven collagen
deposition and bladder fibrosis*®*°. Obesity can also increase intra-abdominal pressure and promote prostate
enlargement’’. Moreover, obesity-related insulin resistance and hyperinsulinemia may activate hypothalamic
centers that regulate sympathetic activity, leading to elevated catecholamine levels and promoting prostate
enlargement**, Therefore, we suggested that PA might alleviate nocturia by reducing obesity and regulating it
through the abovementioned mechanisms. Based on these findings, the influence of PA on the risk of nocturia
is plausible and may serve as a potential indicator for assessing nocturia risk. PA interventions may also help
prevent or slow the progression of nocturia. However, in attempting to explore the mechanisms through which
different domains of physical activity (OPA, TPA, LTPA) affect nocturia, we found minimal relevant literature,
and previous studies have not provided confirmed or precise mechanisms, which has hindered further analysis.

Our study had several strengths. First, since it was unclear whether all PA domains were equally beneficial
for nocturia, we evaluated the associations of total PA, OPA, TPA, and LTPA with nocturia, addressing a gap
in the research. Second, NHANES was a nationally representative cross-sectional survey targeting the civilian,
noninstitutionalized population residing in the United States. Our results may have had practical implications
for guiding nocturia patients with various occupational backgrounds to engage in appropriate PA. Lastly, this
was the first attempt to explore the relationship between nocturia and PA using the NHANES database.

However, our study had several limitations. First, because NHANES data were cross-sectional, our study only
explored associations and could not infer causality. Second, the exact mechanisms by which PA affected nocturia
remained unclear. More prospective and experimental studies were needed to evaluate the potential effects of
PA on nocturia, verify our conclusion, and further investigate the underlying mechanisms. Additionally, the
domains of physical activity and nocturia were assessed through self-reported questionnaires rather than
objective measurements. PA data were limited to one week, making it challenging to capture PAs long-term
stability or trends. Moreover, due to the limited research on this topic, we cannot further investigate the specific
mechanisms through which different domains of PA affect nocturia and explain why nocturia is associated with
total PA and LTPA but not with OPA and TPA. Finally, despite incorporating various potential confounding
factors and applying exclusion criteria, there may still been unaddressed confounders that could have impacted
the precision of our findings.

Conclusion

This study established a direct association between physical activity and the risk of nocturia, suggesting that
total PA and LTPA—but not OPA or TPA—were linked to a reduced risk of nocturia. These findings may guide
preventive strategies for nocturia; however, the underlying mechanisms require further exploration. Future
studies should expand the study population and further differentiate physical activity by intensity (vigorous,
moderate, or combined) and domain (LTPA, TPA, and OPA) to provide clinical insights for nocturia patients
across different age groups and severity levels. Additionally, more longitudinal studies and objective measurement
data are essential to confirm our conclusion.

Data availability

All original data can be accessed publicly through the NHANES database at the following link: https://www.cdc
.gov/nchs/nhanes/index.htm. Additionally, the data and code used in this study are freely and publicly available
in the Figshare repository (https://doi.org/https://doi.org/10.6084/m9.figshare.28082405.v4).
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