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Background: Even though occupational women have a high incidence of 
lower urinary tract symptoms (LUTS), which seriously affect their daily work life, 
few large scale sample studies have provided empirical evidence to support 
this phenomenon among female nurses in China. Consequently, this article 
investigated female nurses who was presupposed to have a high prevalence 
of LUTS, which adversely exposes their health and patient safety to these risks. 
Additionally, it is considered important to explore the factors associated with 
LUTS in female nurses for patient care safety and nurse bladder health practice.

Objectives: The purpose of this study was to assess the incidence of LUTS and 
symptoms-related risk factors among female nurses, to provide evidence for the 
prevention and control of LUTS.

Methods: An online survey recruiting 23,066 participants was carried out in a 
multicenter cross-sectional study in 42 hospitals from December 2020 to 
November 2022. Stepwise multivariate logistic regression analysis and nomogram 
were used to identify the factors associated with lower urinary tract symptoms. 
Besides, SPSS version 26.0, R version 4.2.2, and GraphPad Prism Version 8.3 
software packages were used for statistical analysis.

Results: Based on the completion rate of the questionnaire which was 84.1% 
(n = 19,393), it was found that among 19,393 female nurses, the prevalence of 
LUTS was 67.71% and this rate was influenced by age, Body Mass Index (BMI), 
marital status, years of working, menstrual status, mode of delivery, history 
of breastfeeding, history of miscarriage, history of alcohol and coffee or tea 
consumption (p < 0.05). Interestingly, we also find that in addition to the above 
mentioned factors, anxiety, depression, and perceived stress were also related to 
LUTS in female nurses (p < 0.05).

Conclusion: Given the high prevalence of LUTS among female nurses and their 
potential influencing factors, female nurses should focus on their reproductive 
health and develop good lifestyle habits. Thus, nursing managers should provide a 
warm and harmonious work environment and sensitize female nurses to increase 
their awareness about the importance of drinking clean water and urinating 
during work in a hygienic environment.
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1. Introduction

Lower urinary tract symptoms (LUTS) have been defined by the 
International Continence Society (ICS) as three primary symptom 
groups: storage, voiding, and postmicturition symptoms (1). 
Unambiguously, based on the findings of numerous scientific and 
empirical studies, women are more susceptible to LUTS than men—
due to the anatomy and physiology of the female genitourinary system 
(2). Similarly, women’s hormonal environmental experiences and 
gender-centered social experiences during pregnancy and childbirth 
(3), can be associated with this health issue (4–6). LUTS have greatly 
and adversely impacted women’s physical, mental, and sexual health 
(7) and also reducing their quality of life (8). Thus, LUTS unwittingly 
impact women’s productivity at work (9), as well as lead to social 
isolation and shame, which concomitantly increases the risk of 
depression and anxiety (10), in addition to elevating the financial 
burden caused by treatment (11).

That said, the findings of some previous studies have indicated 
that there was a bi-directional relationship between LUTS and work 
(12). On top of that, since nurses comprise the largest proportion of 
healthcare occupations throughout the world, with women making up 
at least 90 percent of this occupational group (13, 14), investigating 
the effect of LUTS on their work patterns is important. Over and 
beyond, heavy workloads, long shifts, insufficient breaks, delayed 
voiding, and limited fluid intake are common unhealthy behaviors 
affecting nurses’ bladders (15), which epitomizes a global nursing 
occupational problem (16). Correspondingly, this recognizable 
characteristic of the nurses’ profession is an issue that contributes to 
their vulnerability to LUTS (17), so it attracts the extensive attention 
of researchers.

Furthermore, given that the incidence of LUTS in the female 
nursing workforce is considerably higher than that in the general 
population (18, 19), it is an issue of great concern to health 
practitioners globally. The prevalence of at least one type of LUTS 
is estimated to be 43% (20) to 97% (2) among female nurses. Apart 
from that, China’s huge population of over 1.4 billion, evokes 
some critical issues of diversity in the LUTS faced by female 
nurses generating an unstable development trend, and diseases 
related factors are complicated and diverse (21). Numerous studies 
have shown female nurses with LUTS have been diagnosed to 
often have co-occurring psychological, physical, and social needs 
(17, 22–27). Analogously, the effect of work-related factors on 
LUTS has been generally ignored (2), accentuating the impact of 
years of working, shift patterns, fluid intake during work, etc., on 
the severity of this scourge on health-related work productivity is 
vital. Evidentially, LUTS is therefore more common in female 
nurses when compared to other medical staff populations (18). 
Consequently, it is essential to study the influence factors in this 
diseased population to shed more light on the condition of LUTS 
among female nurses.

Contemporaneously, the identification of individual, behavioral, 
and environmental associated with LUTS, as well as occupational 
factors among female nurses might considerably increase the level of 
awareness of the importance of preventing lower urinary tract 
symptoms in nurses. Hence, this study aims to assess the prevalence 
of LUTS and symptom-related risk factors among female nurses in 
China based on TARGET (28) study, to provide substantial evidence 
for the prevention and control of LUTS nationwide.

2. Methods and material

2.1. Design, setting, and participants

In this study, the baseline data elicited from the Nurses’ Health 
Cohort Study of Shandong [registration number: ChiCTR2100043202] 
conducted between December 2020 to November 2022 was used. In 
addition, the dataset was organized using a multi-center cross-
sectional study technique and data were collected from nurses in 42 
hospitals and 16 cities in the Shandong Province of China. The 
inclusion criteria included all registered nurses with nursing 
qualification certificates who volunteered to participate in the study 
within the enumeration areas. More so, the exclusion criteria were 
comprised of [a] retired, refresher, and student nurses, [b] nurses who 
suffered from severe mental illness or took psychotropic drugs; [c] 
nurses who had been working for <6 months; and [d] nurses who were 
on leave during the investigation.

2.2. Measures

The questionnaire contained socio-demographic information, 
International Consultation on Incontinence Questionnaire-Female 
Lower Urinary Tract Symptoms, ICIQ-FLUTS [Chinese version], 
Generalized Anxiety Disorder-7 [GAD-7], Patient Health 
Questionnaire-9 [PHQ-9], and Perceived Stress Scale [PSS], which 
were distributed among Chinese female nurses.

Additionally, demographic variables included: [1] Age, 
educational background, marital status, and Body Mass Index 
(BMI);[2] Work-related variables such as professional title, monthly 
income, working years, shift mode, and shift working years; [3] Living 
habits variables which encompassed smoking, drinking frequency, 
drinking coffee or tea during work, fluid intake during work; and [4] 
Female health variables such as regular menstruation, pregnant times, 
parturition times, delivery mode, lactation history, as well as 
abortion history.

The LUTS of female nurses was measured by the Chinese version 
of the International Consultation on Incontinence Questionnaire-
Female Lower Urinary Tract Symptoms, ICIQ-FLUTS, which was 
translated by Huang et al. (29). The questionnaire included 12 items 
in 4 dimensions, including urinary storage symptoms, voiding 
symptoms, incontinence symptoms and the degree of influence of 
each symptom on daily life. The 5-level scoring method was used: 
never, occasionally, sometimes, most of the time, and always. The 
higher the score, the more serious the symptoms. According to the 
definition of lower urinary tract symptoms by the International 
Continence Society in 2012 and the specific items of the ICIQ-FLUTS 
scale, this study classified the symptoms of storage period [nocturia, 
urinary urgency, bladder discomfort, frequent urination], urination 
period [urination hesitation, urination difficulty, urinary flow 
interruption], incontinence symptoms [urgent urinary incontinence, 
frequent urinary leakage, stress urinary incontinence, enuresis, 
nocturnal enuresis] as LUTS, that is, the subjects with any one of the 
above symptoms can be diagnosed as LUTS (30). The LUTS distress 
score is 0 for no distress, 1–4 for mild distress, 5–7 for moderate 
distress, and 8–10 for severe distress. If the research object chooses 
more than 1 point for any symptom, it is necessary to describe the 
degree of influence of symptoms on their daily life, and the score range 
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is 0–10 [no influence-extreme influence]. The Cronbach’s α for the 
LUTS score in this study was 0.811, and the Cronbach’s α for the 
degree of symptom distress was 0.954.

The Generalized Anxiety Disorder 7-Item Scale [GAD-7], 
designed by Spitzer et  al., with a pretest reliability of 0.830 and a 
Cronbach’s α of 0.920, indicates good reliability and validity, and has 
been widely used to screen for the presence and severity of anxiety 
(31). The total GAD-7 score ranges from 0 to 21 points scoring from 
zero [not at all] to three (nearly every day) such that 0–4, 5–9, 10–14, 
and 15–21 scores represent normal, mild, moderate, and severe 
anxiety, respectively (31). He et al. (32) validated the reliability and 
validity of the Chinese version of the GAD-7, the test–retest reliability 
was 0.856 and the Cronbach’s α was 0.898. The Cronbach’s α of the 
GAD-7 was 0.962 in this study.

The Patient Health Questionnaire [PHQ-9] which contains nine 
items has been widely used to measure depression symptoms (33). 
Kroenke et al. examined the reliability and validity of the PHQ-9 and 
found the retest reliability to be 0.840 and the Cronbach’s α of the 
questionnaire to be 0.890. The total PHQ-9 score ranges from 0 to 27 
points, scoring from zero [not at all] to three [nearly every day] such 
that 0–4, 5–9, 10–14, 15–19, and 20–27 points represent normal, mild, 
moderate, moderately severe, and severe depression, respectively (34). 
Wang et al. validated the reliability and validity of the Chinese version 
of the PHQ-9 (35), the test–retest reliability was 0.860 and the 
Cronbach’s α was 0.860. The Cronbach’s α of the PHQ-9 was 0.954 in 
this study.

The perceived stress scale which contains 10 items was used to 
assess nurses’ perceptions of stress (36). The Chinese version of the 
perceived pressure scale used in this study has been verified to have 
good reliability and validity (37). The coefficient alpha values for the 
positive and negative subscales were 0.83 and 0.76 for PSS-10, 
respectively. Each item is measured on a 5-point Likert scale from 0 
[never] to 4 [always], and the perceived stress level was divided into 
three categories: low [0–13], medium [14–27], and high [28–40]. The 
total PSS-10 score ranges from 0–40 points scoring from zero [never] 
to four [always] such that 0–13, 14–27, and 28–40 points represent low 
[0–13], medium [14–27], and high [28–40] perceived stress, 
respectively. The Cronbach’s α of the scale in this study was 0.932.

2.3. Data collection

Nurses who met the inclusion criteria and agreed to volunteer to 
enroll in the study, after signing an informed consent form, were duly 
recruited to complete the questionnaire. The recruitment of all the 
respondents was carried out through a combination of online and 
on-site recruitment methods. Online recruitment was carried out via 
the dissemination of recruitment information through the WeChat 
instant messaging and social media platform, hospital website, and 
text messaging. However, on-site recruitment was carried out through 
presentations, seminars, and via the use of recruitment posters in 
collaboration with the selected hospitals’ senior administrators such 
as directors and/or chief nurses of the nursing department of the 
participating hospital (28).

Thanks to the support of the Shandong Provincial Health and 
Wellness Commission and the National Institute of Health Care Data, 
the research team signed a research project cooperation agreement 
with the participating hospitals and obtained informed consent from 

each participant. In this online questionnaire, participants first 
registered their personal information using the official WeChat 
account of the Shandong Nurses Health Cohort Study. Then, they 
completed an electronic questionnaire sent by the official WeChat 
account. The survey questionnaire took about 10 to 15 min to 
complete. During the data collection process, the research team set up 
a separate cloud server and a MySQL database cluster (28).

Data managers have access to the data platform of the Nurse 
Health Cohort Study through an authentication mechanism for data 
interface calls, data maintenance, and data status monitoring. Only 
professionals who have signed a confidentiality agreement have direct 
access to this data. To ensure data quality, the questions and data logic 
control design required for electronic questionnaires were used (28).

2.4. Data analysis

The descriptive statistics were used to assess continuous variables 
[i.e., mean (M) ± standard deviation (SD)] and categorical variables 
[such as frequencies and percentages (%)]. One-way analysis of 
variance (ANOVA) was performed to examine the difference in 
continuous variables, and the significance of the difference in 
categorical variables was assessed via chi-squared testing. 
Furthermore, variables that were statistically significant in the 
univariate analysis were considered for inclusion in the backward 
stepwise multivariate logistic regression analysis to identify the main 
factors associated with LUTS, and to estimate the adjusted odds ratio 
(AOR) and 95% confidence interval (CI). Thereafter, the final logistic 
regression model was determined by the Akaike Information Criterion 
(AIC) minimization, and variables in the final model were indicated 
as statistically significant differences at p < 0.05.

The independent influence variables screened by logistic regression 
analysis were imported into the software. The “rms package” in R 
version 4.2.2 was used to build the nomogram model, and the receiver-
operating characteristic (ROC) curves, calibration curves and Precision-
Recall (Pr) curves were also plotted to evaluate the prediction capability 
of the model capability. Other data analyses were performed using the 
SPSS version 26.0. Drawing forest map with GraphPad Prism Version 
8.3. The level of significance was set at p < 0.05.

3. Results

3.1. Prevalence and characteristics of LUTS 
in female nurses

Table 1 shows the distribution of LUTS symptoms among female 
nurses and the impact on daily life. A total of 23,066 nurses clicked on 
the questionnaire web link, and 19,393 female nurses completed the 
questionnaire, indicating an overall response rate of 84.1%. It was 
observed that the prevalence of LUTS among participating female 
nurses was high at approximately 67.71%. While, the prevalence of 
storage symptoms, urination symptoms, and incontinence symptoms 
were 32.15, 12.95, and 56.80%, respectively. Notably, the prevalence of 
stress urinary incontinence (SUI) was the highest at 50.47%, just as the 
probability of frequent urination is lowest at 1.62%. Similarly, 
incontinence symptoms had the greatest degree of impact on the daily 
life of female nurses, with 1,444 (i.e., 15.32%) being severely influenced 
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by stress urinary incontinence (SUI) and 1,028 (i.e., 13.12%) being 
severely affected by leakage of urine (Figure 1).

Table 2 shows that the mean age of the 19,393 participants was 
34.64 (SD = 7.095) years. While the mean working years for nurses was 
26.65 (SD = 7.495) years. Likewise, the mean BMI of nurses was 22.59 
(SD = 3.152). Approximately 91.4% of participants had bachelor’s 
degrees, 79.0% were married, and 50.5% had a primary title. 
Additionally, approximately half of the participants with an average 
monthly income of less than or equal to 6,000 Chinese Yuan (CNY). 

Interestingly, over half of the participants (i.e., 63.3%) have been 
working in shifts, while nearly half (i.e., 46.3%) had worked in shifts 
for more than 5 years.

When considering women’s health, it was found that 
approximately one-third of participants experienced irregular 
menstruation. Over and above that, about 70% of them have the 
experience of gravidity, with 68.3% having given birth at least once, 
40.7% having a history of vaginal delivery, 65.0% having a history of 
lactation, and just as 32.0% had a history of abortion. Moreover, it 

TABLE 1 Distribution of symptoms of LUTS and its impact on daily life among female nurses.

Symptoms N (%)

ICIQ-FLUTS

Impact of daily 
life (M ± SD)

Degree stratification/N (%)

Mild Moderate Severe

Urinary storage symptoms 6,235 (32.15%) 6.33 ± 8.12 — — —

Nocturia 3,209 (16.55%) 1.66 ± 2.31 6,913 (70.33%) 2,312 (23.52%) 605 (6.15%)

Urinary urgency 3,326 (17.15%) 1.77 ± 2.39 7,006 (69.02%) 2,428 (23.92%) 716 (7.05%)

Bladder discomfort 1,534 (7.91%) 1.45 ± 2.33 5,327 (66.86%) 1991 (24.99%) 649 (8.15%)

Frequent urination 315 (1.62%) 1.46 ± 2.20 6,107 (71.06%) 2024 (23.55%) 463 (5.39%)

Voiding symptoms 2,511 (12.95%) 3.36 ± 5.74 — — —

Hesitation in urination 1,543 (7.96%) 1.17 ± 2.02 5,283 (73.01%) 1,612 (22.28%) 341 (4.71%)

Stressful urination 902 (4.65%) 1.15 ± 2.11 4,569 (69.28%) 1,572 (23.84%) 454 (6.88%)

Interruption of urination 1,047 (5.40%) 1.05 ± 1.99 4,586 (71.87%) 1,430 (22.41%) 365 (5.72%)

Incontinence symptoms 11,016 (56.80%) 7.08 ± 10.92 — — —

UUI 7,973 (41.13%) 1.64 ± 2.56 5,293 (63.52%) 2054 (24.65%) 986 (11.83%)

Frequency of urine leakage 7,313 (37.71%) 1.56 ± 2.58 4,936 (63.02%) 1869 (23.86%) 1,028 (13.12%)

SUI 9,788 (50.47%) 1.96 ± 2.82 5,723 (60.70%) 2,261 (23.98%) 1,444 (15.32%)

Enuresis 3,515 (18.13%) 1.14 ± 2.30 3,549 (62.02%) 1,461(25.53%) 712 (12.44%)

Nocturnal enuresis 1,498 (7.72%) 0.78 ± 1.91 2,797 (65.75%) 1,074 (25.25%) 383 (9.00%)

(N = 19,393).
UUI, urgent urinary incontinence; SUI, stress urinary incontinence.

FIGURE 1

Symptoms-specific bother and extent of individual lower urinary tract symptoms. (A) Nocturia; (B) Urinary urgency; (C) Discomfort in the bladder area; 
(D) Frequent urination; (E) hesitation in urination; (F) Stressful urination; (G) Interruption of urination; (H) UUI; (I) Frequency of urine leakage; (J) SUI; 
(K) Enuresis; (L) Normal enuresis.
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TABLE 2 Descriptive statistics and univariate analysis of variables related to lower urinary tract symptoms in female nurses.

Characteristics Total LUTS, n (%) χ2/F p value

No Yes

Personal traits

Age 3.873 0.049

34.64 ± 7.095 32.70 ± 6.859 35.56 ± 7.019

BMI 16.251 <0.001

22.59 ± 3.152 21.99 ± 3.033 22.88 ± 3.168

Education 83.397 <0.001

Secondary vocational degree 46 (0.2%) 14 (0.2%) 32 (0.2%)

Associate’s degree 1,321 (6.8%) 576 (9.2%) 745 (5.7%)

Bachelor’s degree 17,724 (91.4%) 5,582 (89.1%) 12,142 (92.5%)

Master’s degree 302 (1.6%) 90 (1.4%) 212 (1.6%)

Marital status 974.392 <0.001

Unmarried 3,636 (18.7%) 1,964 (31.4%) 1,672 (12.7%)

Married 15,317 (79.0%) 4,155 (66.4%) 11,162 (85.0%)

Widowhood/divorce 356 (1.8%) 122 (1.9%) 234 (1.8%)

Others 84 (0.4%) 21 (0.3%) 63 (0.5%)

Work-related factors

Years of working 748.582 <0.001

26.65 ± 7.495 24.82 ± 6.105 27.52 ± 7.926

Professional title 495.497 <0.001

Primary 9,794 (50.5%) 3,883 (62.0%) 5,911 (45.0%)

Medium 8,173 (42.1%) 2,063 (32.9%) 6,110 (46.5%)

Senior 1,409 (7.3%) 311 (5.0%) 1,098 (8.4%)

Others 17 (0.1%) 5 (0.1%) 12 (0.1%)

Monthly income/CNY 160.286 <0.001

<3,000 1,287 (6.6%) 552 (8.8%) 735 (5.6%)

3,000–6,000 9,663 (49.8%) 3,342 (53.4%) 6,321 (48.1%)

6,001–9,000 5,845 (30.1%) 1,652 (26.4%) 4,193 (31.9%)

9,001–1,2000 1,841 (9.5%) 497 (7.9%) 1,344 (10.2%)

>1,2000 757 (3.9%) 219 (3.5%) 538 (4.1%)

Scheduling mode 32.440 <0.001

Day shift 7,006 (36.1%) 2,087 (33.3%) 4,919 (37.5%)

Small night shift 29 (0.1%) 11 (0.2%) 18 (0.1%)

Big night shift 78 (0.4%) 30 (0.5%) 48 (0.4%)

Work in shifts 12,280 (63.3%) 4,134 (66.0%) 8,146 (62.0%)

Shift work experience/Years

0–5 years 10,418 (53.7%) 3,757 (60.2%) 6,651(50.7%) 215.237 <0.001

6–10 years 4,691 (24.2%) 1,463 (23.4%) 3,228 (24.6%)

11–15 years 3,157 (16.3%) 802 (12.8%) 2,355 (17.9%)

16–20 years 842 (4.3%) 170 (2.7%) 672 (5.1%)

>20 years 285 (1.5%) 60 (1.0%) 225 (1.7%)

Female physiological factor

Menstrual regularity 168.909 <0.001

Extremely regular 3,075 (15.9%) 1,226 (19.6%) 1,849 (14.1%)

(Continued)
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TABLE 2 (Continued)

Characteristics Total LUTS, n (%) χ2/F p value

No Yes

Very regular 6,113 (31.5%) 2,038 (32.5%) 4,075 (31.0%)

Regular 4,177 (21.5%) 1,303 (20.8%) 2,874 (21.9%)

Most of the time earlier than expected 877 (4.5%) 251 (4.0%) 626 (4.8%)

Most of the time later than expected 1817 (9.4%) 573 (9.2%) 11,244 (9.5%)

Uncertain, sooner or later 1,651 (8.5%) 490 (7.8%) 1,161 (8.8%)

No menstruation 1,683 (8.7%) 381 (6.1%) 1,302 (9.9%)

Number of Gravidity 957.574 <0.001

0 5,720 (29.5%) 2,719 (43.4%) 3,001 (22.9%)

1 ~ 2 9,322 (48.1%) 2,664 (42.5%) 6,658 (50.7%)

≥3 4,351 (22.4%) 879 (14.0%) 3,472 (26.4%)

Number of production 859.609 <0.001

0 6,147 (31.7%) 2,873 (45.9%) 3,274 (24.9%)

1 ~ 2 13,076 (67.4%) 3,349 (53.5%) 9,727 (74.1%)

≥3 170 (0.9%) 40 (0.6%) 130 (1.0%)

Obstetric mode of delivery 993.096 <0.001

Vaginal delivery 7,897 (40.7%) 1715 (27.4%) 6,182 (47.1%)

Cesarean section 5,349 (27.6%) 1,674 (26.7%) 3,675 (28.0%)

Not delivered 6,147 (31.7%) 2,873 (45.9%) 3,274 (24.9%)

History of lactation 888.534 <0.001

No 6,789 (35.0%) 3,118 (49.8%) 3,671 (28.0%)

Yes 12,604 (65.0%) 3,144 (50.2%) 9,460 (72.0%)

History of abortion 469.642 <0.001

No 13,196 (68.0%) 4,919 (78.6%) 8,277 (63.0%)

Yes 6,197 (32.0%) 1,343 (21.4%) 4,854 (37.0%)

Life behavioral factors

Smoking 4.034 0.401

Never smoke 19,332 (99.7%) 6,243 (99.7%) 13,089 (99.7%)

Used to smoke (Cumulative ≤5 packs) 35 (0.2%) 12 (0.2%) 23 (0.2%)

Used to smoke(Cumulative >5 packs) 7 (0.0%) 0 (0.0%) 7 (0.1%)

Still smoking now(Cumulative≤5 packs) 9 (0.0%) 4 (0.1%) 5 (0.0%)

Still smoking now(Cumulative>5 packs) 10 (0.1%) 3 (0.0%) 7 (0.1%)

Drinking 123.465 <0.001

Never 14,861 (76.6%) 5,103 (81.5%) 9,758 (74.3%)

Occasionally 4,133 (21.3%) 1,067 (17.0%) 3,066 (23.3%)

Sometimes 350 (1.8%) 82 (1.3%) 268 (2.0%)

Often 49 (0.3%) 10 (0.2%) 39 (0.3%)

Coffee or tea 79.470 <0.001

No 13,027 (67.2%) 4,479 (71.5%) 8,548 (65.1%)

Yes 6,366 (32.8%) 1,783 (28.5%) 4,583 (34.9%)

Liquid intake during work 9.200 0.101

<500 mL 9,704 (50.0%) 3,054 (48.8%) 6,650 (50.6%)

500-1,000 mL 7,375 (38.0%) 2,432 (38.8%) 4,943 (37.6%)

1,001-1,500 mL 1,477 (7.6%) 491 (7.8%) 986 (7.5%)

(Continued)
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should be noted that 99.7% of participants reported never smoking, 
76.6% reported never drinking alcohol, and 32.8% reported drinking 
coffee or tea, while half of the participants reported consuming less 
than 500 mL of fluid during work.

Furthermore, with regards to mental health, it was found that 
nurses with LUTS (n = 13,131), 62.1% (n = 8,150) experienced some 
level of anxiety (where, mild = 44.2%, moderate = 12.0%, 
severe = 5.9%), while 65.1% (n = 8,620) experienced some level of 
depression (where, mild = 42.6%, moderate =10.2%, moderately 
severe = 8.0%, severe = 4.1%), and 93.2% (n = 12,329) experienced 
some level of perceived stress (where, medium = 83.2%, high = 9.9%).

3.2. The univariate analysis of factors 
associated with LUTS

Table 2 also shows all the respondents’ univariate analysis of LUTS 
from work-related characteristics, female health characteristics, 
dietary characteristics, and mental health characteristics. It was 
thereafter established that there were significant differences in 
distribution patterns between the group with LUTS and the group 
without it (p < 0.05). It was uncovered that these differences can 
be  grouped by respondents’ age, education, marital status, BMI, 
professional title, monthly income, years of work, scheduling mode, 
shift work experience, menstrual regularity, gravidity, production, 
obstetric mode of delivery, history of lactation, history of abortion, 
drinking alcohol, consuming coffee or tea, as well as anxiety, 
depression, and perceived stress rating levels.

3.3. Stepwise multivariate logistic 
regression analysis of factors associated 
with LUTS

Table 3 shows the results of the backward stepwise multivariate 
logistic regression model with an adjusted odds ratio (AOR) and 
95% CI and the main variables including demographic factors, 
work-related factors, living habits factors, female health factors, and 
psychological factors. With regards to demographic and work-
related factors (Figure 2), it was found that among female nurses, 
each 1-unit increase in BMI was associated with a 6.2% increase in 
the odds of female nurses suffering from LUTS in this study. 
Relatedly, the odds of having LUTS increased by either 1.7% or 3.4% 
for every 1-year increase in age or working years among female 
nurses, respectively. Comparatively, when unmarried nurses were 
compared to those who were married, nurses who were married 
were significantly more likely to experience LUTS (AOR = 1.539, 
95% CI: 1.355–1.748). Besides, relative to nurses who had 0–5 years 
of shift work experience, those who had between 11–15 years and 
16–20 years were significantly more likely to experience LUTS than 
those at the early stage of their career (AOR = 1.177, 95% CI: 1.066–
1.300; AOR = 1.388, 95% CI: 1.156–1.674). With regards to living 
habits (Figure 2), it was found that when nurses who never drank 
alcohol were compared to those who drink occasionally, those who 
drank alcohol occasionally (AOR =1.158, 95% CI: 1.059–1.268) were 
significantly more likely to experience LUTS. Nevertheless, drinking 
coffee or tea was also associated with LUTS among female nurses 
(AOR = 1.097, 95% CI: 1.016–1.184).

TABLE 2 (Continued)

Characteristics Total LUTS, n (%) χ2/F p value

No Yes

1,501-2000 mL 601 (3.1%) 198 (3.2%) 403 (3.1%)

2001-2,500 mL 153 (0.8%) 52 (0.8%) 101 (0.8%)

>2,500 mL 83 (0.4%) 35 (0.6%) 48 (0.4%)

Psychological factors

Anxiety rating 780.340 <0.001

Normal 8,638 (44.5%) 3,657 (58.4%) 4,981 (37.9%)

Mild 7,873 (40.6%) 2,075 (33.1%) 5,798 (44.2%)

Moderate 1,942 (10.0%) 361 (5.8%) 1,581 (12.0%)

Severe 940 (4.8%) 169 (2.7%) 771 (5.9%)

Depression rating 876.467 <0.001

Normal 8,149 (42.0%) 3,537 (56.5%) 4,612 (35.1%)

Mild 7,661 (39.5%) 2,065 (33.0%) 5,596 (42.6%)

Moderate 1,643 (8.5%) 301 (4.8%) 1,342 (10.2%)

Moderately severe 1,297 (6.7%) 250 (4.0%) 1,047 (8.0%)

Severe 643 (3.3%) 109 (1.7%) 534 (4.1%)

Perceived stress rating 204.584 <0.001

Low 1,468 (7.6%) 565 (9.0%) 903 (6.9%)

Moderate 16,362 (84.4%) 5,435 (86.8%) 10,927 (83.2%)

High 1,563 (8.1%) 262 (4.2%) 1,301 (9.9%)

Bold value for p < 0.05. (N = 19,393).
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In terms of female health factors (Figure  3), nurses whose 
menstruation was very regular, regular, and most of the time earlier 
than expected, as well as those whose menstruation was most of the 
time later than expected, uncertain, sooner or later, and with no 
menstruation were significantly more likely to experience LUTS than 
those who had extremely regular menstruation (AOR = 1.269, 95% CI: 
1.151–1.398; AOR = 1.405, 95% CI: 1.264–1.562; AOR = 1.374, 95% CI: 
1.153–1.641; AOR = 1.343, 95% CI: 1.176–1.535; AOR = 1.467, 95% CI: 
1.276–1.687; and AOR = 2.178, 95% CI:1.854–2.561), respectively. 
Additionally, female nurses who experienced lactation (AOR =1.534, 
95% CI: 1.321–1.779) or experienced abortion (AOR = 1.144, 95% CI: 
1.029–1.273) were more likely to develop LUTS than nurses who did 
not have such experience. Interestingly, nurses who went through 
cesarean section delivery or have not delivered (AOR = 0.572, 95% CI: 
0.526–0.622; AOR = 0.647, 95% CI: 0.513–0.819) were less likely to 
develop LUTS than those who had a vaginal delivery.

Figure 4 reveals that mental health factors were also found to 
be associated with LUTS. When nurses who reported a normal level 
of anxiety were compared to those who reported a mild or moderate 
level of anxiety, nurses who reported mild or moderate levels of 
anxiety were significantly more likely to experience LUTS, with an 
AOR of 1.345 (95% CI: 1.223–1.480) and AOR of 1.677 (95% CI: 
1.406–2.004), respectively. Similarly, nurses who reported mild, 
moderate, moderately severe, or severe levels of depression were 
significantly more likely to experience LUTS, with AOR of 1.548 (95% 
CI: 1.406–1.704), 2.069 (95% CI: 1.751–2.451), 1.829 (95% CI: 

TABLE 3 Backward stepwise multivariate logistic regression analysis of 
factors associated with lower urinary tract symptoms in female nurses.

Variables Adjusted 
OR

95% CI p value

Personal traits

Age 1.017 (1.010–1.024) <0.001

BMI 1.062 (1.050–1.074) <0.001

Marital status

Unmarried 1.00 (Ref.)

Married 1.539 (1.355–1.748) <0.001

Widowhood/divorce 1.072 (0.824–1.398) 0.608

Others 1.698 (1.002–2.980) 0.056

Work-related factors

Years of working 1.034 (1.028–1.039) <0.001

Shift work experience/years

0–5 1.00 (Ref.)

6–10 1.083 (0.996–1.177) 0.061

11–15 1.177 (1.066–1.300) 0.001

16–20 1.388 (1.156–1.674) <0.001

>20 1.108 (0.819–1.520) 0.513

Female physiological factors

Menstrual regularity

Extremely regular very regular 1.00 (Ref.)

Very Regular 1.269 (1.151–1.398) <0.001

Regular 1.405 (1.264–1.562) <0.001

Most of the time earlier than 

expected
1.374 (1.153–1.641) <0.001

Most of the time later than 

expected
1.343 (1.176–1.535) <0.001

Uncertain, sooner or later 1.467 (1.276–1.687) <0.001

No menstruation 2.178 (1.854–2.561) <0.001

Gravidity/frequency

0 1.00 (Ref.)

1–2 0.870 (0.686–1.106) 0.253

>2 1.096 (0.831–1.446) 0.518

Obstetric mode of delivery

Vaginal delivery 1.00 (Ref.)

Cesarean section 0.572 (0.526–0.622) <0.001

Not delivered 0.647 (0.513–0.819) <0.001

History of lactation

No 1.00 (Ref.)

Yes 1.534 (1.321–1.779) <0.001

History of abortion

No 1.00 (Ref.)

Yes 1.144 (1.029–1.273) 0.013

Life behavioral factors

Drinking

(Continued)

TABLE 3 (Continued)

Never 1.00 (Ref.)

Occasionally 1.158 (1.059–1.268) <0.001

Sometimes 1.210 (0.927–1.595) 0.167

often 1.450 (0.719–3.188) 0.324

Coffee or tea

No 1.00 (Ref.)

Yes 1.097 (1.016–1.184) 0.018

Psychological factors

Anxiety rating

Normal 1.00 (Ref.)

Mild 1.345 (1.223–1.480) <0.001

Moderate 1.677 (1.406–2.004) <0.001

Severe 1.303 (0.995–1.714) 0.056

Depression rating

Normal 1.00 (Ref.)

Mild 1.548 (1.406–1.704) <0.001

Moderate 2.069 (1.751–2.451) <0.001

Moderately severe 1.829 (1.488–2.252) <0.001

Severe 2.050 (1.470–2.866) <0.001

Perceived stress rating

Low 1.00 (Ref.)

Moderate 0.971 (0.858–1.099) 0.644

High 1.254 (1.007–1.565) 0.044

Bold value for p < 0.05. (N = 16,262).
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1.488–2.252), and 2.050 (95% CI: 1.470–2.866), respectively. Likewise, 
a perceived high-stress level had a statistically significant association 
with LUTS when compared to a perceived normal-stress level, with an 
AOR of 1.254 (95% CI: 1.007–1.565).

3.4. Nomogram model of LUTS in female 
nurses

Next, the performance of the model empirically was evaluated 
before analyzing its predictors. The results indicated in Figure 5 showed 
that the predictive efficiency of the logistic regression model was 
adequate (sensitivity = 0.688, specificity = 0.665, accuracy = 0.681, and 
area under the receiver operating characteristic curve [AUROC] = 0.733 
(95% CI: 0.725–0.740)). The calibration curves (Figure 6) were close to 
the ideal prediction with a mean absolute error (MAE) of 0.005 after 

1,000 bootstrap self-sampling. Furthermore, The Precision-Recall (Pr) 
curves were depicted in Figure  7. Consequently, the predictive 
performance of the models that were adopted in this study was 
guaranteed. The column line graph model (Figure 8) was constructed 
using 14 risk predictors, which can personalize the calculation of the 
score corresponding to each independent influencing factor, as well as 
count the total score and show the predicted value corresponding to the 
total score which can predict the probability of occurrence of LUTS.

4. Discussion

4.1. Prevalence of LUTS in female nurses

The study was conducted to assess the prevalence and risk factors 
of LUTS among Chinese female nurses. The result of this study 

FIGURE 2

Demographic and work-related factors.

FIGURE 3

Female health factors.
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showed that the prevalence of LUTS among 19,393 female nurses from 
Shandong, China was 67.71%. This estimate is higher than the rate of 
prevalence of LUTS in Turkey (20), which stands at 44.5%, but lower 
than the reported 97.36% prevalence rate of LUTS in Iran (2), in 
comparison to the 89.63% prevalence rate of LUTS among female 
nurses in Beijing, China (38). An analysis of data obtained from the 
pilot study carried out by The Taiwan Nurse Bladder Survey (TNBS) 
revealed that there was a 65% prevalence rate of LUTS among female 
nurses in Taipei (17), Taiwan which is roughly consistent with the 
current findings (67.71%). However, this figure is significantly higher 
than the prevalence rate of LUTS among the adult female population 
in China, which stands at 55.5% (39). This result indicated that female 
nurses might considerably suffer from the impact of LUTS in China. 
Moreover, increased LUTS prevalence could lead to reduced work 
efficiency or even unemployment, as well as affect their lifelong 
physical and mental health later in life. Accordingly, the inconsistencies 
emanating from the different prevalence rates of LUTS in similar 
studies can be linked to the time frame of prior studies, the research 

and analysis methods employed, as well as the diverse composition of 
the studied population, which can be limited to the entire population, 
age group, and/or ethnicity (40). Therefore, it is hoped that a large 
scale epidemiological survey of female nurses will be conducted in all 
countries, using the same questionnaire, to reveal the bladder health 
status of female nurses worldwide.

4.2. Personal traits and work-related 
factors

Age and BMI are well-known risk factors influencing the sufferers 
of LUTS. This assumption is reinforced by the findings of the present 
study. That said, it has been demonstrated in extant studies carried out 
across North America (41) and Asia (25, 42). Nonetheless, overweight 
or obese women with long-term abdominal hypertension may 
experience an increase in bladder pressure and urethral mobility, 
which can lead to pelvic organ prolapse, and an increased burden on 

FIGURE 4

Mental health factors.

FIGURE 5

The receiver operating characteristic (ROC) curves.
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the pelvic floor muscles (43). In addition, constipation might also 
increase abdominal pressure during physical activity or defecation, 
which in turn leads to LUTS (24). Due to a combination of factors and 
reasons, constipation-related issues were not included in this study. 
Hence, it was hoped that related studies will include this variable in 
future research centered on LUTS. In a study by Yuliang et al. in China 
(44) and a systematic review by Sedighe et al. worldwide (24), bare 
that excessive BMI is a negative factor in increasing the incidence of 
LUTS among female nurses. Over and beyond, marriage is also a 
critical risk factor affecting LUTS among female nurses in China, 
when this segment of the population is compared to unmarried 
women, which is consistent with the findings of similar studies (25, 
45). Physiologically, married women begin to experience sexual 
behavior, pregnancies, and even deliveries, and they are easily exposed 
to LUTS. Psychologically, married women have to take on the burden 

of a family and deal with complex interpersonal issues, therefore, 
aggravating stressful conditions may possibly increase the chance 
of LUTS.

In terms of work-related factors, years of working and long shift 
working were significantly associated with LUTS among female 
nurses. Similarly, Zhang’s study (46), revealed that there was a 
statistically significant difference between work experience and the 
probability of LUTS among female nurses. The reason for this 
phenomenon might be the heavy workload, in addition to the high 
level of work stress experienced over the years by these nurses, which 
may negatively affect their bladder function. It was also assumed that 
since the years of work are proportional to age, the relationship 
between years of work and LUTS is not hard to understand. 
Additionally, common work environmental factors associated with 
occupational stress such as high work demand and work overload 

FIGURE 6

The calibration curves.

FIGURE 7

The Precision-Recall (Pr) curves.
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negatively impacted female nurses’ exposure to LUTS in China (47). 
As Hyoungseob et al. discovered that unhealthy toileting behaviors to 
empty their bladders, which mediates the relationship between 
occupational stress and OAB (48), and the most common behavior 
was delayed urination. This Phenomenon illustrates the gravity of 
stress-related issues affecting female nurses in China.

4.3. Life behavioral factors

In this study, drinking alcohol occasionally increased the risk of 
female nurses contracting LUTS when compared to those that never 
attempted to do so. However, drinking alcohol sometimes or often 
drinking alcohol is not associated with LUTS among female nurses. 
Notably, similar results have been reported in previous studies, although 
the findings of these studies were controversial (25, 49). Apart from that, 
light alcohol consumption induces LUTS by increasing sympathetic 
nervous system activity thereby exerting diuretic effects on the 
antidiuretic hormone system (50), while moderate to a high level of 
alcohol consumption appears to reduce the prevalence of LUTS due to 
enhanced estrogen receptor induction (51). Nevertheless, the frequency 
of smoking was empirically proven to be unrelated to LUTS, thereby 
debunking what was put forward by past studies in this area (27, 44). 
Interestingly, this finding is possibly because the population included in 
this study was a group of female nurses with relatively healthy lifestyles.

What’s more, it is found that coffee or tea consumption is a risk 
factor for LUTS among female nurses in China, possibly mediated by 
caffeine effects such as an increase in diuresis, central nervous 
stimulation, and increased contractility of the lower urinary tract 
smooth muscle. Yet, this finding remains disputed, since there is no 
association between coffee consumption and LUTS found in several 
cross-sectional studies (52, 53). Interestingly, in Tomlinson’s study, 
there is an association between a reduction in dietary caffeine intake 
and a reduction in daytime incontinence, although this was not 

proven to be statistically significant in this research (54). Additionally, 
a recent pilot study of 11 women showed an overall reduction in 
bladder symptoms with caffeine-free beverages when compared to 
women that ingested caffeine-containing beverages (55). In like 
manner, the relationship between tea intake and LUTS was 
substantiated in one study which established a positive association 
between women who drank two or more cups of tea per day and 
overactive bladder and nocturia, just as there exists a negative 
association between tea consumption and stress urinary incontinence 
(56). The caffeine content of tea is about one-third of that found in 
coffee (57), suggesting that tea may contain components other than 
caffeine that may also be related to lower urinary tract dysfunction.

4.4. Female physiological factors

The related analysis of physiological factors revealed that female 
nurses were prone to risk factors that trigger LUTS such as irregular 
menstruation, mode of vaginal delivery, history of miscarriage, and 
history of breastfeeding. Apart from that, it has been scientifically proven 
that vaginal delivery and the number of deliveries were among the most 
important risk factors affecting female patients with urinary incontinence 
(58). However, based on the findings of an Indian study, there was no 
association between delivery and urinary incontinence, which is 
inconsistent with the findings of this study (59). Interestingly, hormonal 
effects and mechanical changes are considered to be the main causes of 
LUTS during pregnancy (60). In this study, it was found that a dose–
response effect of pregnancy was critical, just as multiple pregnancies 
were an important risk factor for the development of LUTS, which may 
be the result of repetitive injury to the peripheral pelvic nerves, as well as 
direct injury to the pelvic supporting tissues (61). Similarly, Zhang et al. 
reported that women who underwent vaginal delivery were more likely 
to experience symptoms during the urine storage period (62). It is 
observed that this may be related to peripheral pelvic nerve injury and 

FIGURE 8

The nomogram model.
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direct injury to the intrapelvic fascia. However, cesarean delivery can 
eliminate damage to either the pelvic floor muscle tissue or the public 
nerves during delivery, as well as prevent the development of LUTS 
among female nurses (62).

4.5. Psychological factors

In the current study, it has been proven that negative emotions 
including anxiety, depression, and perceived pressure contribute to the 
development of LUTS among female nurses, which has been reinforced 
by the findings of similar studies (63, 64). It was also envisaged that there 
is a link between psychological dysfunction and bladder function. 
Researchers have suggested that the pro-adrenocorticotropic hormone-
releasing factor is expressed in areas of the central nervous system that 
control voiding and stress responses, while the pro-adrenocorticotropic 
hormone-releasing factor increases in response to anxiety, depression, 
pain, and dysfunction of the pelvic organs (65). We  can therefore 
decisively submit that LUTS are not fatal but do have a serious impact on 
women’s mental health. LUTS can largely interfere with an individual’s 
self-image (66), consequently, the stigma and embarrassment caused by 
LUTS may lead to feelings of anxiety, depression, and stress among 
female nurses in China. This can be linked to the fact that patients with 
LUTS might worry about its development, the possibility of cancer, and 
their sexuality, which can ultimately create a certain amount of stress 
among this segment of the population (67).

4.6. Limitations

To the best of our knowledge, this is one of the largest sample 
studies on the prevalence of LUTS among female nurses in China. 
The large sample size and wide survey area are the main strengths 
of this study. Besides, this study involved hospitals at various levels 
across all the regions of Shandong Province of China which can 
better reflect the reality of the problems. However, the participants 
who did not meet the study requirements were excluded to obtain 
more realistic results. This study also has some limitations. First, 
the survey of the study gathering phase was carried out only within 
Shandong province, therefore, the results obtained cannot 
be  extended to the whole country or even a larger area due to 
regional restrictions and differences. Second, it is a cross-sectional 
study and cannot verify the causal relationship therein, which 
implies that a large sample longitudinal study is required to 
ascertain the causal relationship that exists between factors and 
LUTS among female nurses in China. Third, due to occupational 
specificity, fewer male nurses, and the differences in the way LUTS 
are scored, no male group was included in this study, which is a 
major limitation when measuring the influence of gender on the 
infection rates of LUTS patients. Fourth, this study did not use 
objective indicators to measure LUTS, since the diagnosis we relied 
upon was based on scales rather than clinical criteria, thus, it 
shows the existence of recall bias in current dataset.

5. Conclusion

In summary, many of the risk factors associated with LUTS 
can be offset by a healthy lifestyle, proper urinary habits, frequent 

physical activity, and weight control (68). Consequently, for 
female nursing staff, attention needs to be paid to the impact of 
their work environment on their overall well-being, such as 
raising awareness among managers to provide educational 
opportunities for nurses, as well as advocating for the justification 
of the benefits of nurses’ personal health and bladder health 
practices in the workplace. Sadly, the habit among nurses of not 
drinking water or using the toilet in the workplace frequently is a 
hidden nursing workforce crisis that raises the issue of dignity 
and human rights in the healthcare industry. Managers, therefore, 
need to assess nurses’ needs and workplace barriers to healthy 
practices to ensure their water and toilet use is sufficient, as well 
as minimize barriers to work and maximize nurses’ bladder health 
ceteris paribus (69).
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