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Abstract

Introduction: The prevalence of healthy bladder storage and emptying function in community-

dwelling women is not well established.

Methods: A planned secondary analysis of a U.S. cross-sectional study designed to validate 

a bladder health instrument was conducted in women aged ≥18 years. A subset was invited 

to complete the novel 2-day bladder health diary capturing bladder storage and emptying 

experiences. Overall healthy bladder function was defined as ≤8 waking/daytime voids and ≤1 
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void during sleeping/nighttime; along with the absence of leakage, urgency, emptying difficulties 

(initiation, flow, efficacy, relief of urge sensation) and pain. Descriptive statistics of healthy 

bladder functions and regression models of factors associated with healthy function are reported.

Results: Of the 383 invited, 237 (62%) eligible women returned complete dairies. Of these, 

12% (29/237) met criteria for overall healthy bladder function. Most (96%) denied pain, 

74% had healthy daytime and 83% had healthy nighttime voiding frequency, 64% were 

continent, 36% reported healthy emptying and 30% denied any urgency episodes. Middle 

income (OR:95%CI=11.4:1.9-67.4 for $75k-$99,999 vs. $25,000-$49,999), Graduate education 

(4.8:1.4-17) and previously seeking treatment for bladder problems (OR:95%CI=0.1; 0-0.9) were 

associated with overall healthy function.

Conclusion: The prevalence of overall healthy bladder function was very low based on our strict 

definition of health as measured on a 2-day diary. However, most women had healthy voiding 

frequency and denied pain or urinary leakage. Post-void dribbling and urgency most commonly 

contributed to an overall unhealthy bladder. Further investigation is needed to determine whether 

these diary derived measures are meaningful for patient-oriented bladder health research.

Keywords

Bladder health; bladder storage; bladder emptying; diary; nocturia; urinary continence; urinary 
frequency

Introduction

Promotion of bladder health and prevention of lower urinary tract symptoms (LUTS) across 

the life course in women and girls is the primary goal of the Prevention of LUTS (PLUS) 

Research Consortium.(1) A critical challenge to this research agenda has been the lack of 

understanding of a spectrum of bladder health, from very healthy to very unhealthy, in 

community-dwelling populations. Historically, and as with most medical conditions, bladder 

health has been assumed through the presence or absence of specific symptoms including 

identification of, and impact from, LUTS in clinical populations. With this lens, existing 

objective measures of bladder function for population-based research have employed 

bladder diaries and report “normative values” for individual components of LUTS (e.g., 

frequency, nocturia, and incontinence).(2) There is a paucity of data on the comprehensive 

measurement of bladder health using objective measures assessing the absence of any 

LUTS. To approach this question on a population level, bladder diaries assessing a spectrum 

of storage and emptying functions are necessary because invasive testing such as physical 

assessment and urodynamics are not feasible. Voiding diaries have generally been designed 

to capture urinary frequency, urgency, leakage and, may or may not include voided volumes. 

Normative values using these types of diaries have been reported(2); however, the evaluation 

of healthy bladder function across both storage and emptying including post-void dribbling 

(PVD) and pain symptoms has not been assessed in population-based diary studies.

To further evaluate the experience of bladder health and healthy bladder function in 

community-dwelling women, the PLUS Research Consortium conducted the Validation of 

Bladder Health Instrument for Evaluation in Women (VIEW) study to validate a novel 
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bladder health instrument.(3) As part of this study, a novel 2-day bladder health dairy 

(2D-BHD) was adapted from traditional LUTS-focused voiding diaries to capture a variety 

of storage and emptying experiences. The aims of this report are to describe the prevalence 

of overall healthy bladder function and individual healthy storage and emptying functions 

in community-dwelling women; and to explore factors associated with healthy bladder 

functions.

Materials and Methods

This was a planned secondary analysis of data collected from participants enrolled in the 

PLUS Consortium’s VIEW cross-sectional study.(3) Individuals self-reported as female 

at birth and aged ≥18 years were recruited between September 2019 and August 2020 

using a delivery sequence file address-based probability sampling frame across the United 

States. The details of the primary study and methods have been published.(3) This was an 

IRB approved study where a sampling of participants who completed the initial validation 

surveys (including demographics, medical history, LUTS assessments and the bladder health 

instrument) were invited to complete the 2D-BHD. Return of surveys and diaries implied 

consent. Those who self-reported neurologic conditions were excluded from analyses.

The 2D-BHD was adapted from standardized voiding diaries commonly used for LUTS 

outcome assessments, and supplemented based on expert opinion and information gathered 

from focus groups and cognitive evaluations of women's preferred bladder health 

terminology.(3-5) Two days of data collection was selected in order to minimize the 

participant burden of longer diaries and to capture nocturnal events that may not be 

accurately reflected in a single 24-hour or 1-day diary. Figure 1 displays how the 2D-BHD 

captured subjective bladder storage function, including frequency (waking/daytime and 

sleeping/nighttime), continence, sensation of urgency and pain; and subjective emptying 

including initiation, stream flow, efficacy, sensation of urge relief, completeness, PVD and 

pain.(6,7)

The diary was used to define each individual storage and emptying function. Figure 1 

demonstrates one day of the 2D-BHD and how data were captured (e.g., PVD presence 

as a “yes” response in column 6). Healthy storage on the diary was defined as a mean of 

≤8 voids during waking hours over the 2 days, ≤1 voids during sleeping hours between 

day 1 and day 2, and the absence of any episodes of urinary leakage, urinary urgency, or 

“pain while holding urine” on both days of the diary. Healthy emptying was defined as 

“yes” responses to “easy starting to pee”, “continuous stream”, “feeling the bladder empty” 

and the “need to pee feeling is gone;” plus a “no” response to the items “did you dribble 

pee when you were done” and “pee sensation uncomfortable or painful.” Overall healthy 

bladder function was defined as both healthy storage and healthy emptying as defined above. 

Baseline characteristics including demographics, financial income and security, medical 

history, height and weight were obtained by self-report

Sample size calculations were not conducted as this was a subanalysis of data collected from 

the parent study.(3) Descriptive statistics were used to report prevalence of overall healthy 

bladder function, healthy storage, and healthy emptying. Individual components of urinary 
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frequency (waking and sleeping), presence and degree of urinary incontinence, frequency 

of urgency episodes and frequency of emptying experiences with each void were reported. 

Presence of pain with storage or emptying on either day was also described. Percentages, 

means, standard deviations (SD), medians, and interquartile ranges (IQR) were used to 

describe the distribution of these reported emptying experiences. Adjusted prevalence was 

also estimated by weighting participants by the inverse of their sampling probability to 

correct for survey non-response. Exploratory backward stepwise logistic regression models 

identifying demographic and medical characteristics associated with healthy functions at 

a p<0.2 are reported in adjusted odds ratios (OR) with 95% confidence intervals (95% 

CI). Missing values were handled by single imputation for regression models using fully 

conditional specification methods.(8) Imputation and regression were conducted using SAS 

9.4, and all other analyses were conducted using R 4.0.2. Pearson’s correlation coefficient 

was used to assess the correlation between day 1 and day 2 of the diaries.

Results

A total of 6,000 invitations to participate in the VIEW study were mailed, with 4,975 having 

eligible participants and deliverable addresses. A total of 604 women (12.1%) responded to 

the primary survey and 383 were invited to complete the 2D-BHD. A total of 248 (65%) of 

those invited returned complete diaries and 237 were used for analysis (Figure 2). Table 1 

describes the demographics and characteristics of the 237 respondents. The mean age was 

55.9±15.4 years with 3% describing their race as Asian, 6% Black, 89% White, and 87% 

non-Hispanic origin; 37% had a healthy body mass index, and 56% overweight or obese; 

55% denied comorbid conditions (sleep apnea, diabetes, high blood pressure, depression, 

asthma/chronic lung disease)

Only 29 women (12%) had overall healthy bladder function based on our strict definition 

(Table 2). Healthy storage occurred in 45 (19%): the mean voiding frequency during waking 

hours of ≤8 per day (across both days) occurred in 175 (74%) and ≤1 episodes of nocturia 

occurred in 196 (83%). Mean frequency of urination for the whole cohort was 7.5±2.4 

(median=7, IQR=3) per 24 hours, with 7.2±2.2 (median=7, IQR=3) during waking hours 

and 0.8±1.2 (median 0, IQR=1) during sleeping hours. The correlation coefficient between 

day 1 and day 2 of the diaries was high (0.73, p<0.01). A total of three participants reported 

voiding 3 times a day and three reported fewer than 3 times per day; these women were 

included in the “healthy” group for these analyses. Nocturia occurred once in 72 (30%), 

twice in 28 (12%) and 3 or more times in 13 (5%) of participants. A total of 151 (64%) 

were continent (i.e., denied any urine leakage) over the 2D-BHD; however, those with 

leakage reported an average of 1.9±1.8 (median=1, IQR=2) leaks per 24-hour period with 

the majority of leaks being small (69%), and the rest medium (19%) or large (12%) volume. 

Only 71 (30%) denied any single urgency episode over 2-days. In those who reported any 

urgency, the mean daily number of urgency episodes was 3.2±2.5 (median=2.5, IQR=4) and 

within those women who reported any urgency, 37% (IQR=45) of their daily voids were 

associated with urgency. Pain during storing was experienced by 10 (4%).

Healthy emptying was experienced by 85/236 (36%) women. Of the 152 who reported 

unhealthy emptying experiences, the most common symptom was PVD (n=123/152, 81%) 
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followed by non-continuous stream (n=74/152, 49%), feeling of incomplete emptying 

(n=46, 30%) and difficulty starting stream (n=40, 26%). Of those reporting one or more 

unhealthy emptying experiences on either day of the diary, 28% of their voids were 

described as unhealthy experiences, mostly consisting of PVD which occurred in 22% of 

their voids. Pain during emptying occurred in 9/234(4%). Overall, the vast majority of 

women, (91%) denied any pain with storage or emptying, and of the 19 who reported any 

pain for either day, only one (5%) had pain with both storage and emptying. Weighted 

estimates were similar across functions and symptoms and are reported in Table 2.

Stepwise logistic regression models (Table 3) identified income (OR:95%CI=11.4: 1.9-67.4 

for $75k-$99,999 vs. $25,000-$49,999) and education (4.8: 1.4-17 for graduate vs. 

bachelor’s degree) as positively associated with overall healthy bladder function, and 

previously seeking treatment for bladder problems as inversely associated (0.1: 0-0.9). Not 

surprisingly, those who had sought treatment for bladder problems were less likely to have 

healthy voiding frequency (0.3: 0.1-0.7), absence of leakage (0.3: 0.1-0.6), easy stream (0.4: 

0.2-0.9) or absence of PVD (0.3: 0.1-0.6). Those with fewer comorbidities were more likely 

to not have leakage (0.7: 0.5-0.9), urgency (0.6: 0.4-0.8), or PVD (0.6: 0.5-0.9). Those 

working compared to not working were more likely to not wake up more than once from 

sleep to urinate (2.3: 1.1-4.9). There were too few women with pain to evaluate associations 

between pain-free bladder experiences and baseline characteristics. Of note, overall healthy 

bladder function did not appear to decrease across age groups (Supplemental Table 1) and 

age was no longer significantly associated with healthy voiding frequency on multivariate 

analysis (Table 3).

Discussion

In this sample of community-dwelling women, without self-reported neurologic conditions, 

we report new information on the prevalence and factors associated with healthy bladder 

function as measured by a novel 2-day bladder health diary that incorporates frequency, 

urgency and continence in addition to emptying experiences and pain, which are not 

typically included in existing diaries. Based on our strict definition, the prevalence of 

overall healthy bladder function for all storage and emptying components was very low. 

While three in four women voided 8 or fewer times during waking and 1 or fewer times 

during sleeping hours, most community-dwelling women reported emptying irregularities 

with urinary urgency episodes occurring approximately 3 times per day. While two-thirds 

of women denied leakage; in those who reported leakage, most reported small amounts 

approximately twice a day. Post-void dribbling was the most common reported unhealthy 

function; details related to this symptom and overall impact on women were not captured. 

Further qualitative exploration of this experience is warranted. Factors associated with 

healthy bladder functioning also include fewer comorbidities, household income, graduate 

level education and working at a job. As expected, having not sought care for bladder 

problems was associated with healthy storage and emptying functions.

Our results differ slightly from a prior meta-analysis and a secondary analysis of interview 

data of women participating in the Boston Area Community Health survey on urination 

frequencies captured using recall and not voiding diaries or other real time assessment. 
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(2,9) In the meta-analysis, the pooled estimate for daytime frequency was 6.6 times/day 

and nighttime frequency was 0.4 times/night, with 24-hour frequency being 7.0 times per 

24-hours. These studies also found similar 95% normative reference ranges for daytime 

frequency: 11 times per day and 9-10 times per day, respectively, and nighttime frequency 

was 3 times per night and 2-4 times per night, respectively (2,7). In the current study, 

which used real time data collection via a bladder diary, the median daytime frequency 

for community-dwelling women was 7 times/day, median nighttime frequency was 0 times/

night, and median 24-hour frequency was 7. These differences might be explained by the 

current study’s selection criteria involving a subset of women participating in the parent 

study who voluntarily returned the 2D-BHD or may also reflect the differences secondary 

to the method of measurement. Also, estimation of urination frequencies, particularly 

daytime frequency by recall versus real time data collection using a bladder diary is less 

reliable as women both overestimate and underestimate their daytime frequency, whereas 

nighttime frequency tends to be somewhat similar or overestimated.(10,11) The prevalence 

of continence by diary in this population is consistent with epidemiologic data reporting 

ranges of urinary incontinence from 25% to 45% (i.e. continence of 55% to 75%).(12) 

Population based studies using voiding diaries measuring incontinence, urgency, post void 

dribbling, and pain are lacking. Therefore, these data add new information regarding bladder 

storage and emptying habits in community-dwelling women.

Factors predictive of overall healthy bladder function and specific aspects of healthy storage 

and emptying functions have not been reported in the literature. Interestingly, we did 

not find an association between healthy bladder function and age, despite the fact that 

prevalence of LUTS increases with age. We did find that increasing number of comorbidities 

were negatively associated with overall healthy bladder function, while higher incomes were 

positively associated with overall healthy bladder function. Similarly, increasing number of 

comorbidities was positively associated with urinary urgency episodes and PVD, the most 

frequent unhealthy storage and emptying experiences respectively. Our findings support 

the established associations between comorbid conditions (e.g., obesity, heart disease, 

diabetes, and pulmonary disease)(13-15) and LUTS. Not surprisingly, women who had 

sought treatment for bladder problems were also less likely to have healthy bladder function. 

However, care seeking for women with LUTS is low(16), thus the implications of these 

findings are of limited importance. An unanticipated finding was that women who were 

working were less likely to have nocturia than those who were not working. The reason for 

this is unclear and should be explored further in future studies.

Strengths of this study include the use of a novel 2-day bladder health diary capturing both 

storage and emptying symptoms in addition to pain. This diary allowed investigators to 

capture storage and emptying experiences in real time. By not focusing only on the presence 

of individual LUTS outcomes, the bladder diary also allowed investigators to objectively 

examine the full spectrum of bladder storage and emptying experiences, including post-

void dribbling, incomplete emptying and pain. Most clinical research and clinical practice 

guidelines(17,18) suggest obtaining bladder diary data as presented in a tabular format 

and includes voiding times, fluid intake and urine output volumes, types of beverages 

consumed, ratings of urgency, report of urinary incontinence, and pad usages. Very few 
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diaries, especially for women, include the full spectrum of bladder storage and emptying 

experiences such as post-void dribbling, incomplete emptying and pain.

Additional strengths of the study include its use of a national based sampling strategy and 

high completion rates of the 2-day bladder health diary. We attribute this high compliance to 

the short diary duration and ease of completion. The ideal duration of a diary is of debate, 

with 3-day diaries being most used in clinical research. However, the timing and duration 

of collecting bladder diary data often balances the frequency of LUTS with patient burden. 

Participant burden is the main drawback of diaries, as diaries are not completed in real-time 

and bladder data ascertained from recall bias may not be accurate as compared with patient 

reported outcome measures.(19). These limitations were also noted in a recent systematic 

review on normative bladder data by Wyman et al where the main source of measurement 

included bladder diary data.(9)

Study limitations include lack of validation of the 2-day diary, non-universal response, and 

the operational definition of nocturia which only measured one night of diary keeping. 

Based on the VIEW study design, the effect of specific comorbidities, medications, and 

fluid intake types and volume on bladder function was not assessed, which could impact the 

findings by over or underestimating healthy bladder functions. For example, fluid intake is 

directly related to urinary frequency and may overestimate unhealthy storage function in the 

setting of excessive fluid intake.(9) Future study of normative voiding frequency controlling 

for fluid intake is warranted. Additional limitations to the study include that specific reasons 

for care seeking and presence of active treatment (e.g., medication therapy for OAB) were 

not captured. In addition, although use of a 2-day paper bladder diary , versus a 3- or 7- 

day diary may have reduced participant burden, it also may have underestimated outcomes 

(20,21). However, a recent study showed that frequency, incontinence episodes, and other 

events on the first day of a 3-day diary highly correlated with subsequent days.(22) In 

our study, the correlation between day 1 and 2 on the diaries was strong, suggesting the 

2 day diary was sufficient to capture voiding frequency. It is possible, however, that the 

paper diaries may not have been completed in real time, resulting in recall bias.(19) (9) 

Future studies are needed to determine whether the use of electronic diaries and momentary 

assessments may improve adherence and accuracy.(21)

Conclusion

In conclusion, a strict definition of overall bladder health based on bladder diaries alone 

may not represent “normal” for women. The presence of a sudden and urgent need to void 

may not be unhealthy, rather a natural response when bladder storage capacity is stressed. 

Emptying difficulties including PVD and non-continuous urine stream also occur commonly. 

Future research should investigate whether women perceive these changes in bladder storage 

and emptying functions as unhealthy to develop a more informed definition of bladder health 

and shared treatment goals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

LUKACZ et al. Page 7

Neurourol Urodyn. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgements:

The content of this article is solely the responsibility of the authors and does not necessarily represent the official 
views of the National Institutes of Health. We gratefully acknowledge the collegial research work of the Prevention 
of Lower Urinary Tract Symptoms (PLUS) Research Consortium members.

‡: Prevention of Lower Urinary Tract Symptoms (PLUS) Research 

Consortium

Loyola University Chicago - Maywood, IL (U01DK106898)

Multi-Principal Investigators: Linda Brubaker, MD; Elizabeth R. Mueller, MD, MSME

Investigators: Marian Acevedo-Alvarez, MD; Colleen M. Fitzgerald, MD, MS; Cecilia T. 

Hardacker, MSN, RN, CNL; Jeni Hebert-Beirne, PhD, MPH; Missy Lavender, MBA.

Northwestern University - Chicago IL (U01DK126045)

Multi-Principal Investigators: James W. Griffith, PhD; Kimberly Sue Kenton, MD; Melissa 

Simon, MD, MPH; Investigator: Julia Geynisman-Tan, MD;

University of Alabama at Birmingham - Birmingham, AL (U01DK106858)

Principal Investigator: Alayne D. Markland, DO, MSc

Investigators: Tamera Coyne-Beasley, MD, MPH, FAAP, FSAHM; Kathryn L. Burgio, PhD; 

Cora E. Lewis, MD, MSPH; Gerald McGwin, Jr., MS, PhD; Camille P. Vaughan, MD, MS; 

Beverly Rosa Williams, PhD.

University of California San Diego - La Jolla, CA (U01DK106827)

Principal Investigator: Emily S. Lukacz, MD

Investigators: Sheila Gahagan, MD, MPH; D. Yvette LaCoursiere, MD, MPH; Jesse Nodora, 

DrPH.

University of Michigan - Ann Arbor, MI (U01DK106893)

Principal Investigator: Janis M. Miller, PhD, APRN, FAAN

Investigators: Lisa Kane Low, PhD, CNM, FACNM, FAAN, Abigail Smith PhD

University of Minnesota (Scientific and Data Coordinating Center) - Minneapolis MN 

(U24DK106786)

Multi-Principal Investigators: Kyle D. Rudser, PhD; Gerald McGwin, PhD

Investigators: Sonya S. Brady, PhD; Bernard L. Harlow, PhD; Cynthia S. Fok, MD, MPH; 

Peter Scal, PhD; Todd Rockwood, PhD.

University of Pennsylvania – Philadelphia, PA (U01DK106892)

LUKACZ et al. Page 8

Neurourol Urodyn. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Principal Investigator: Multi-Principal Investigators: Diane K. Newman, DNP FAAN; 

Ariana L. Smith, MD

Investigators: Amanda Berry, MSN, CRNP; Andrea Bilger, MPH, Heather Klusaritz, PhD, 

MSW; Terri Lipman, PhD, Ann E. Stapleton, MD; Jean F. Wyman, PhD.

Washington University in St. Louis - Saint Louis, MO (U01DK106853)

Principal Investigator: Siobhan Sutcliffe, PhD, ScM, MHS

Investigators: Aimee S. James, PhD, MPH; Jerry L. Lowder, MD, MSc; Melanie R. Meister, 

MD, MSCI.

Yale University - New Haven, CT (U01DK106908)

Principal Investigator: Leslie M. Rickey, MD, MPH

Investigators: Marie A. Brault, PhD (Dec. 2020-); Deepa R. Camenga, MD, MHS; Shayna 

D. Cunningham, PhD.

Steering Committee Chair: Linda Brubaker, MD. UCSD, San Diego. (January 2021-)

NIH Program Office: National Institute of Diabetes and Digestive and Kidney Diseases, 

Division of Kidney, Urologic, and Hematologic Diseases, Bethesda, MD.

NIH Project Scientist: Julia Barthold, M.D.

References

1. Harlow BL, Bavendam TG, Palmer MH, Brubaker L, Burgio KL, Lukacz ES, et al. The Prevention 
of Lower Urinary Tract Symptoms (PLUS) Research Consortium: a transdisciplinary Approach 
toward promoting bladder health and preventing lower urinary tract symptoms in women across the 
life course. J Womens Health (Larchmt). 2018 Mar;27(3):283–9. [PubMed: 29634445] 

2. Wyman JF, Zhou J, Yvette LaCoursiere D, Markland AD, Mueller ER, Simon L, et al. Normative 
noninvasive bladder function measurements in healthy women: A systematic review and meta-
analysis. Vol. 39, Neurourology and Urodynamics. John Wiley and Sons Inc.; 2020. p. 507–22. 
[PubMed: 31917870] 

3. Lukacz ES, Constantine ML, Kane Low L, Lowder JL, Markland AD, Mueller ER, et al. Rationale 
and design of the validation of bladder health instrument for evaluation in women (VIEW) protocol. 
BMC Womens Health. 2021 Dec 1;21(1).

4. Rickey LM, Constantine ML, Lukacz ES, Lowder JL, Newman DK, Brubaker L, et al. Measuring 
Bladder Health: Development and Cognitive Evaluation of Items for a Novel Bladder Health 
Instrument. J Urol. 2021 Dec 22;205(5):1407–14. [PubMed: 33350312] 

5. Kane Low L, Williams BR, Camenga DR, Hebert-Beirne J, Brady SS, Newman DK, et al. 
Prevention of Lower Urinary Tract Symptoms Research Consortium focus group Study of Habits, 
Attitudes, Realities, and Experiences of Bladder health. J Adv Nurs. 2019 Jul 9;75(11):3111–25.

6. Lukacz ES, Bavendam TG, Berry A, Fok CS, Gahagan S, Goode PS, et al. A Novel Research 
Definition of Bladder Health in Women and Girls: Implications for Research and Public Health 
Promotion. J Women’s Heal. 2018 Aug 1;27(8):974–81.

7. Lowder JL, Bavendam TG, Berry A, Brady SS, Fitzgerald CM, Fok CS, et al. Terminology 
for bladder health research in women and girls: Prevention of Lower Urinary Tract Symptoms 
transdisciplinary consortium definitions. Neurourol Urodyn. 2019;38(5).

LUKACZ et al. Page 9

Neurourol Urodyn. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



8. van Buuren S Multiple imputation of discrete and continuous data by fully conditional specification. 
Stat Methods Med Res. 2007 Jun;16(3):219–42. [PubMed: 17621469] 

9. Wyman JF, Cain CH, Epperson CN, Fitzgerald CM, Gahagan S, Newman DK, et al. Urination 
Frequency Ranges in Healthy Women. Nurs Res. 2022 Sep;71(5):341–52. [PubMed: 35319538] 

10. Sussman RD, Escobar C, Jericevic D, Oh C, Arslan A, Palmerola R, et al. Estimation of Urinary 
Frequency: Does Question Phrasing Matter? Urology. 2021 Oct 1;156:90–5. [PubMed: 33901531] 

11. Stav K, Dwyer PL, Rosamilia A. Women Overestimate Daytime Urinary Frequency: The 
Importance of the Bladder Diary. J Urol. 2009 May;181(5):2176–80. [PubMed: 19296975] 

12. Milsom I, Gyhagen M. The prevalence of urinary incontinence. Vol. 22, Climacteric. Climacteric; 
2019. p. 217–22. [PubMed: 30572737] 

13. Coyne KS, Kaplan SA, Chapple CR, Sexton CC, Kopp ZS, Bush EN, et al. Risk factors and 
comorbid conditions associated with lower urinary tract symptoms: EpiLUTS. BJU Int. 2009 
Apr;103(SUPPL. 3):24–32.

14. Lawrence JMM, Lukacz ESS, Liu I-LL, Nager CWW, Luber KMM. Pelvic floor disorders, 
diabetes, and obesity in women: findings from the Kaiser Permanente Continence Associated Risk 
Epidemiology Study. Diabetes Care. 2007/07/11. 2007;30(10):2536–41. [PubMed: 17620443] 

15. Minassian VA, Bazi T, Stewart WF. Clinical epidemiological insights into urinary incontinence. Int 
Urogynecol J. 2017;28(5):687–96. [PubMed: 28321473] 

16. Morrill M, Lukacz ESS, Lawrence JMM, Nager CWW, Contreras R, Luber KMM. Seeking 
healthcare for pelvic floor disorders: a population-based study. Am J Obs Gynecol. 2007/07/10. 
2007;197(1):86 e1–6.

17. Ghoniem G, Stanford E, Kenton K, Achtari C, Goldberg R, Mascarenhas T, et al. Evaluation 
and outcome measures in the treatment of female urinary stress incontinence: International 
Urogynecological Association (IUGA) guidelines for research and clinical practice. Int 
Urogynecol J. 2008;19(1):5–33.

18. Abrams P, Cardozo L, Fall M, Griffiths D, Rosier P, Ulmsten U, et al. The standardisation of 
terminology of lower urinary tract function: report from the Standardisation Sub-committee of the 
International Continence Society. Am J Obs Gynecol. 2002;187(1):116–26.

19. Flynn KE, Wiseman JB, Helmuth ME, Smith AR, Bradley CS, Cameron AP, et al. Comparing 
clinical bladder diaries and recalled patient reports for measuring lower urinary tract symptoms 
in the symptoms of Lower Urinary Tract Dysfunction Research Network (LURN). Neurourol 
Urodyn. 2022 Sep 6;

20. Bright E, Drake MJ, Abrams P. Urinary diaries: Evidence for the development and validation 
of diary content, format, and duration. Neurourol Urodyn. 2011 Mar;30(3):348–52. [PubMed: 
21284023] 

21. Abrams P, Paty J, Martina R, Newgreen DT, van Maanen R, Paireddy A, et al. Electronic 
bladder diaries of differing duration versus a paper diary for data collection in overactive bladder. 
Neurourol Urodyn. 2016 Aug 1;35(6):743–9. [PubMed: 26174907] 

22. López-Fando L, Santiago M, Ruiz M, Casado Varela J, Celada Luis G, Bonillo MA, et al. Is the 
first day of the bladder diary enough for symptom assessment in women with lower urinary tract 
symptoms? Continence. 2022 Jun 1;2:100026.

LUKACZ et al. Page 10

Neurourol Urodyn. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Elements collected day 1 of the novel 2-day bladder health diary

Storage and voiding experiences as captured on the 2-day bladder health diary. Note the day 

2 diary mirrors day 1 collection.
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Figure 2. 
Study flow diagram

LUTS = Lower Urinary Tract Symptoms
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Table 1.

Descriptive statistics among those who completed a 2-day bladder health diary.

N Sample Weighted

Full Sample 237

Age; mean (SD) 55.9 (15.4) 55.4 (15.7)

Age Group (%)

 18 to <25 7 3.0% 2.8%

 25 to <35 20 8.4% 10.0%

 35 to <65 121 51.1% 49.9%

 65+ 80 33.8% 34.5%

 Missing 9 3.8% 2.8%

Gender Identity (%)

 Female/Woman 231 97.5% 97.6%

 Trans Male/Trans Man 0 0.0% 0.0%

 Genderqueer/Gender nonconforming 0 0.0% 0.0%

 Identify in a different way 0 0.0% 0.0%

 Missing 6 2.5% 2.4%

Highest education completed (%)

 Less than high school 5 2.1% 2.5%

 High school or GED 26 11.0% 11.3%

 Some college or AA 72 30.4% 30.0%

 Bachelors 52 21.9% 21.5%

 Graduate degree 74 31.2% 31.4%

 Missing 8 3.2% 3.3%

Hispanic origin (%)

 No 206 86.9% 85.1%

 Mexican 3 1.3% 2.0%

 Puerto Rican 0 0.0% 0.0%

 Cuban 1 0.4% 0.3%

 Other 5 2.1% 2.8%

 Missing 22 9.3% 9.8%

Race*

 Asian 7 3.0% 5.2%

 Black 14 5.9% 5.8%

 White 211 89.0% 88.3%

 Other Race 2 0.8% 0.9%

 Missing 10 4.2% 4.5%

Language spoken at home (%)

 English 227 95.8% 94.9%

 Spanish 5 2.1% 3.1%

 Other 0 0.0% 0.0%

 Missing 5 2.1% 2.0%
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N Sample Weighted

Sought care for bladder (%) 49 20.7% 20.7%

 Missing 5 2.1% 1.8%

Pregnancies (%)

 0 43 18.1% 18.8%

 1 39 16.5% 16.9%

 2 76 32.1% 32.4%

 3+ 72 30.4% 29.5%

 Missing 7 3.0% 2.3%

Hysterectomy (%) 54 22.8% 22.7%

BMI (%)

 Underweight (<18.5 kg/m2) 5 2.1% 1.5%

 Healthy Weight (18.5 to <25 kg/m2) 87 36.7% 36.9%

 Overweight (25 to <30 kg/m2) 65 27.4% 26.9%

 Obese (30+ kg/m2) 68 28.7% 30.5%

 Missing 12 5.1% 4.2%

Comorbidities† (%)

 0 130 54.9% 54.3%

 1 62 26.2% 27.6%

 2 33 13.9% 13.6%

 3 9 3.8% 3.1%

 4+ 3 1.3% 1.4%

*
Multiple responses allowed so does not sum to 100%.

BMI: Body Mass Index, SD: Standard Deviation

†
Comorbidities included: sleep apnea, diabetes, high blood pressure, depression, asthma/chronic lung disease, and neurologic disease.
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Table 2.

Prevalence of healthy bladder functions based on 2-day bladder health diary

N Sample % Weighted* %

Overall Healthy Bladder Function 29/237 12% 12%

Overall Healthy Storage 45/237 19% 19%

 ≦ 8 voids during waking hours 175/237 74% 72%

 ≦ 1 void during sleeping hours 196/237 83% 83%

 No Leakage 151/237 64% 63%

 No Urgency 71/237 30% 30%

 No Pain storing 224/234 96% 96%

Overall Healthy Emptying 85/236 36% 36%

 Easy continuous stream, completely empty 136/237 57% 58%

 No post-void dribbling 114/237 48% 47%

 No Pain emptying 225/234 96% 96%

*
Weighted prevalence accounting for missing data.

Overall healthy bladder function defined as overall healthy storage and overall health emptying.
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