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Prevention of Lower Urinary Tract Symptoms (PLUS) Research Consortium

Abstract

Aim: To conduct an evidence synthesis of normative reference values for bladder function
parameters in women.

Methods: We conducted a systematic review and meta-analysis of studies reporting bladder
function parameters obtained from non-invasive tests in healthy women. Seven databases were
searched for relevant studies from inception through December 2018, with manual searching of
reference lists. We included English language articles that provided quantitative data on urination
frequency, voided and postvoid residual volumes, and uroflowmetry results in women without
lower urinary tract symptoms. Study selection, data extraction, and quality assessment were
undertaken by at least two independent reviewers. Random effects meta-analytic models were used
to derive study-level pooled mean estimates and 95% confidence intervals.

Results: A total of 24 studies (N=3,090 women, age range: 18-91 years) met eligibility criteria.
Pooled mean estimates of bladder function parameters were: 6.6 daytime voids (95% CI 6.2, 7.0),
0.4 nighttime voids (95% CI 0.0, 0.8), 1577 ml for 24-hour voided volume (95% CI 1428,1725);
12 mL for post-void residual volume (95% CI 4, 20); and 28 mL/sec for maximum flow rate (95%
Cl 27,30). Between-study heterogeneity was high for all outcomes (12 = 61.1-99.6%), but
insufficient data were available to explore reasons for this high heterogeneity (e.g., differences by
age).

Conclusion: Although summary mean estimates of bladder function parameters were calculated,
the wide heterogeneity across studies precludes generalization of these estimates to all healthy
women. Further research is needed to determine normative reference values within specific
groups, such as those defined by age.

Keywords
Voiding; urinary frequency; urinary volume; uroflowmetry; reference values
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1. Introduction

Established in 2015, the mission of the Prevention of Lower Urinary Tract Symptoms
(PLUS) Research Consortium is to identify promising approaches for promoting bladder
health and preventing lower urinary tract symptoms (LUTS) and conditions in girls and
women.1:2 Bladder health is defined as a complete state of physical, mental, and social well-
being related to bladder function, and not merely the absence of LUTS.2 This definition
highlights not only the importance of bladder function, but also the subjective experiences
associated with well-being. Early work of the PLUS Research Consortium has focused on
developing the concept of bladder health in the context of established LUTS (unhealthy
bladder) terminology and proposing novel definitions by bladder function (storage,
emptying, and bioregulatory).2:3 In addition to recognizing the need for healthy bladder
terminology, the Consortium also recognized the importance of corresponding reference
values for bladder function in asymptomatic or healthy women. Although extensive studies
have been conducted on objective measures of bladder function in women with LUTS,
limited normative data exist in women without LUTS, either by non-invasive or invasive
testing. This information is important to help clinicians and women determine whether
objective bladder function values are within “normal” limits or signify a possible bladder
disorder such as overactive bladder that may need further evaluation and management.

Three prior literature reviews published in 20124° and 20166 examined normative bladder
function reference value ranges in healthy or asymptomatic adult women using noninvasive
or invasive tests. Because of the limited number of available studies at that time, data were
qualitatively summarized in a narrative fashion, without the use of meta-analytic techniques
to create summary estimates for various bladder function parameters. In addition, these
reviews had methodological limitations including use of limited search strategies; lack of
clear eligibility criteria related to inclusion of healthy or asymptomatic women; and the use
of clinical data or anecdotal evidence to interpret the results. Since these reviews were
published, several original studies have been published increasing the evidence regarding
objective bladder function measures in women without LUTS. Therefore, the aim of this
paper was to conduct a systematic review and meta-analysis to describe normative reference
values of non-invasive bladder function tests assessing urination frequency, voided volume,
postvoid residual volume, and uroflowmetry results in healthy or asymptomatic women. We
focused on non-invasive bladder function tests as these tests are more generalizable to
population-based research and can be used more practically in clinical practice.

2. Materials and Methods

2.1 Protocol and Registration

This systematic review and meta-analysis conform to the Preferred Reported Items for
Systematic Reviews and Meta-analyses (PRISMA) Guidelines’ and the reporting of Meta-
analysis of Observational Studies in Epidemiology.8 The review protocol was registered in
PROSPERQO, an international prospective register of systematic reviews
(CRD420160498528).
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2.2 Search Strategy

Informed by an initial scoping search of PubMed, a medical librarian searched published
literature for records discussing bladder function measurements and reference values in
healthy women from database inception through December 2018. The librarian created
search strategies using a combination of keywords and controlled vocabulary in seven
electronic databases: Ovid Medline 1946-, Embase 1947-, Scopus 1923-, EbscoHost
CINAHL Plus 1937-, Cochrane Database of Systematic Reviews (CDSR), Cochrane Central
Reqgister of Controlled Trials (CENTRAL), Database of Abstracts of Reviews of Effects
(DARE), NHS Economic Evaluation Database (EED), and Clinicaltrials.gov 1997- (see
Appendix 1). Animal studies were excluded using the human filter recommended in the
Cochrane Handbook for Systematic Reviews of Interventions.? Search strategies were
completed in February 2017 and executed again in December 2018, with a total of 12,515
results were exported to EndNote. Duplicates were removed using the automatic duplicate
finder in EndNote. Reference lists from relevant articles and systematic reviews were
searched manually, identifying six additional studies and resulting in a total of 7,571 unique
references. Fully reproducible search strategies for each database can be found in
Supplemental Table 1.

2.2 Eligibility Criteria

Studies included in this review and meta-analysis were required to meet the following
criteria: 1) community-residing adult women (defined as inclusion criteria or mean/median
age =18 years) without urological symptoms or disorders or defined as healthy volunteers; 2)
non-invasive bladder function measurement; 3) observational studies (cross-sectional, case-
control, or longitudinal studies; randomized controlled trials if at least one of the study arms
met all inclusion criteria); and 4) full-text, peer-reviewed article published in an English
language journal. Studies were excluded if they comprised: 1) women unselected with
respect to LUTS (i.e., without consideration for their LUTS status); 2) pregnant women and
women within first six months of postpartum; 3) women with urinary tract infections,
urinary incontinence, overactive bladder, interstitial cystitis/bladder pain syndrome, pelvic
organ prolapse, or congenital urinary tract abnormalities; and 4) individuals with cognitive
or developmental disabilities, spinal cord injury, or progressive neurological conditions (e.g.,
dementia, multiple sclerosis, Parkinson’s disease). Studies were also excluded if they
focused solely on individuals with diabetes, end-stage kidney disease or kidney transplants,
individuals in active cancer treatment, those using catheters, hospitalized with acute illness
or enrolled in a palliative care or hospice program; those residing in a supervised living
facility; and those involving voiding positions with unnatural posture and/or straining (e.g.,
forward sitting position with straining). Studies including both sexes and/or clinical
populations were included if they performed subgroup analyses for women meeting the
above criteria. Only studies that provided outcomes with reported measures of central
tendency and statistical dispersion were included in the meta-analysis.

2.3 Study Selection

Study selection was performed by applying eligibility criteria in three stages, following
established guidelines for systematic reviews.? Titles were assessed initially for eligibility.
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After removal of records meeting exclusion criteria, the remaining records were reviewed
again for eligibility, first by abstract and then by full text article. At each stage, records were
reviewed independently by a minimum of two reviewers. Disagreements were resolved by a
third reviewer and reasons for exclusion were recorded. Studies included in the meta-
analysis had to report a measure of central tendency with a standard deviation or standard
error for at least one of the outcome variables (e.g., urination frequency, voided or postvoid
volume, or uroflowmetry results).

2.3 Data Extraction

Two reviewers independently extracted data from each article using a specifically developed
and piloted data extraction form using REDCap (Research Electronic Data Capture)
electronic data capture tools® hosted in the Washington University School of Medicine
Institute for Informatics, Informatics Core Services. Data extracted from eligible articles
included: study-level details (author, year, journal, country, and study design); study
eligibility (age eligibility and description of sample as healthy, normal, or asymptomatic
with definition); and patient characteristics (age, race, menopause status, body mass index,
hysterectomy status, use of diuretics, tobacco smoking, and comorbidities). Outcomes and
their method of measurement were also extracted and included: urination frequency
(daytime, nighttime, 24-hour); urine volume (daytime, nighttime, and 24-hour volumes;
mean, maximum, and minimum voided volumes; and postvoid residual volume),
uroflowmetry parameters (maximum flow rate, mean flow rate, time to maximum flow, flow
time, and voided volume); and pad test weights. Quality appraisal criteria were also included
on the data extraction form. Extracted information was compared using REDCap to identify
discrepancies between reviewers. All discrepancies were resolved through consensus or
consultation with a third reviewer when needed.

2.4 Assessment of Methodological Quality

We were unable to identify a critical appraisal instrument for studies focused on normative
reference values. Guided by the approach of Sorel et al.,® in their review of uroflowmetry in
healthy women, we created several questions to assess the methodological quality of the
reference values from each study. Our modified instrument included two items evaluating
the characteristics of the study sample and two evaluating the quality of data collection.
Specifically, we assessed whether: women with LUTS or other urological disorders were
explicitly excluded; and the age of the sample was precisely specified with mean or median
and standard deviation or standard error. A precise measurement of age was used as a quality
criterion for two reasons: age is a strong risk factor for LUTS, and bladder function may
vary over the life course affecting normative reference values. We also assessed whether a
standardized method was used to assess self-reported bladder function outcomes (e.g.,
bladder diary) and to measure non-invasive laboratory tests of bladder function (e.qg.,
uroflowmetry, bladder ultrasonography, and pad tests). Two reviewers independently
assessed these criteria using a rating scale of “yes,” “no,” “unclear,” and “not applicable.”
Discordant responses were adjudicated by discussion with reviewers.
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2.5 Data Synthesis and Analysis

Meta-analysis was performed using the R software version 3.4.3. Means and 95%
confidence intervals (CIs) of bladder function parameters (urination frequency, voided and
postvoid residual volumes, and uroflowmetry results) were computed using random-effects
models. Forest plots were constructed for each bladder function parameter to examine and
display study-level data. The 12 statistic was used to describe the percentage of the variation
across studies that is due to between-study differences, rather than chance.1? Common cut-
off points for low (# =25%), moderate (/2 =50%), and high degrees of heterogeneity (/2
=75% or higher) were used. For studies that reported bladder function parameters for
multiple groups,12-14 pooled mean estimates and standard deviations were obtained via
weighting by group sample size. The DerSimonian-Laird!® random effects method was used
to compute the overall estimate of each bladder function parameter. In addition to 95%
confidence intervals for the overall mean estimate of each bladder function parameter which
explain how precisely the overall mean has been estimated across studies, we estimated 90%
normative reference values for individual participants using the fixed-effects models under
the log-normal distribution assumption. These normative reference values explain how
widely bladder function parameters vary across individual participants, i.e., 90% of
participants would have bladder function parameter values within the interval if the model
assumptions were valid. With the exception of urination frequency, means and standard
deviations of pooled estimates and normative reference values for voided and postvoid
residual volumes and uroflowmetry results were rounded to integer numbers, as these
numbers are more easily interpretable in clinical practice. Subgroup analyses to examine
reasons for study heterogeneity could not be performed because of insufficient data reported
on age, body mass index, fluid intake (amount or type), parity, hormonal status, medications,
and medical comorbidities.

3. RESULTS
3.1 Study Identification

A total of 12,515 articles (Ovid Medline, n=2694; Embase, n=4472; Cochrane databases,
n=622; Scopus, n=3898; CINAHL, n=803; and ClinicalTrials.gov, n=26) were identified
through the initial database search, and an updated search through December 2015. Six
additional articles were identified from a manual search of reference lists from relevant
studies and reviews (Figure 1). After removing duplicates, 463 full-text articles were
reviewed, 37 of which met initial eligibility criteria (published from 1979 to 2018).12-14.16-52
Of these, only 24 studies!2-14.16-19, 21-35 provided sufficient quantitative data to be included
in the meta-analyses. Findings from two publications that involved the same study
population1920 were summarized as one study.1?

3.2 Characteristics of Included Studies

Table 1 summarizes characteristics of the 24 studies included in the meta-analysis. These
studies included 3,090 women ranging in age from 18 to 91 years. Of these studies, the
majority (n=21; 88%) included women without urinary symptoms or voiding difficulty,
and/or urological or pelvic floor disorders, treatment, or surgery,12-14.16-19,22-25, 27-29,31,33-37
or those who reported normal micturition.3° The remaining three studies (13%) included
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healthy volunteers,2® healthy women without any gynecological history,32 and those without
urinary tract infections (only criteria).2! Three studies (13%) explicitly required a negative
urinalysis or urine culture.?123.29 Twelve studies (50%) excluded women on: 1)
anticholinergic or other medications that could affect the lower urinary tract,

12,19,25, 27,28,31,33,36 ) any medications,1416.18 or 3) medications other than hormone
replacement therapy.3! Several studies excluded women with either specific chronic diseases
or symptoms (n=8; 33%),12-14.25.27.31.36.37 (¢ g., diabetes, neurological diseases,
hypertension), or those working night shifts (n=3, 13%).1925.27 One study recruited only
nulliparous women,16 four studies (17%) excluded women with pelvic prolapse,12:22:25.27
and five studies (21%) excluded pregnant or postpartum women.17:23.25.27.36 One study
excluded women with poor knee range of motion making it difficult to toilet.36

Studies were conducted in 12 countries, with five studies from the United States,17:21:23-25
one study from the United States and the United Kingdom,1® four from Belgium,16:22.31.35
three each from Taiwan®:36-37 and Turkey,1827:33 two from India, 1213 and one study each
from Canada,2® Czech Republic,26 Italy,32 Netherlands,3* Sweden,3 and Thailand.14

Nine studies included at least one urination frequency parameter,16:19.25.27-31.34 10 included
at least one voided volume parameter,16:18.19.25.27-31,34 gjx included postvoid residual
volume12:14.21.33.36.37 anqd 13 included one or more uroflowmetry result.
12,13,17,22-24,26,32,33,35-37 N study included pad test weights among women meeting our
eligibility criteria. Sample sizes ranged from 10 to 592 in the urination frequency and voided
volume studies,16:19.25.27-29,30,31,34 36 tg 352 in the post-void residual studies,12.14.21,33,36
and 10 to 333 in the uroflowmetry studies.12-14.17.22,23,24,26,32,33,35,36,37

3.3 Methodological Quality

Table 2 summarizes the key measures of methodological quality for studies included in the
meta-analysis. Overall, 12 studies (50%) met all applicable quality criteria.
12,14,19,22,24,25,27-30,33,36 Gjxteen studies (67%) included women who were explicitly
documented as not having urological symptoms or disorders;13:14,16,17-19,22-25,27-29,31,33-36
five studies (21%) included women described as “healthy” but either did not provide
eligibility criteria or lacked a clear operational definition of the term.21:26.:30.32.37 Seventeen
studies (71%) characterized age in a precise manner using a measure of central tendency and
dispersion12:14.18,19.21,22,24,25.27-33,36,37 A|| studies used a standardized method for
assessing bladder function by either a bladder diary and/or a noninvasive laboratory test,
e.g., uroflowmetry or bladder ultrasonography.

3.4 Synthesis of Results

Table 3 presents the results from the meta-analyses by bladder function parameter. Summary
outcome data from individual studies are provided in Supplemental Tables 2-4. Overall,
there was insufficient data to conduct subgroup analyses exploring possible reasons for
study heterogeneity, such as differences by age, country, body mass index, fluid intake
amount or type, parity, medications, and medical comorbidities.
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3.4.1. Urination Frequency—Five studies provided usable data on urination frequency
during daytime and/or nighttime sleeping hours,16:19.28.29.34 3nq seven reported mean 24-
hour urination frequency.16:19.25.27.28,30.34 pooled overall estimates (95% confidence
intervals [95%] ) were 6.6 (6.2, 7.0) for daytime frequency, 0.4 (0.0, 0.8) for nighttime
frequency, and 7.0 (6.3, 7.7) for 24-hour frequency. In all pooled analyses, we found a high
degree of heterogeneity in outcomes with 12 values ranging from 85.9% (daytime frequency)
to 99.0% (nighttime frequency). With the exception of urination frequency during sleeping
hours, normative reference ranges varied considerably. Reference ranges calculated for
daytime frequency ranged from 4-10, from 0 to 2 during sleeping hours, and 24-hour
frequency ranged from 4-12.

3.4.2 Voided and Postvoid Residual Volumes—Based on voided volumes collected
from bladder diaries, data were pooled from seven studies6:19.25.27-30.34 raporting 24-hour
voided volume; seven16:19.25.27,28,30.31 mean voided volume; fivel8:19.25.30.27 for maximum
voided volume; twol®27 for minimum voided volume; fourl9:28.29.34 for total daytime
voided volume; fourl6:28.29.31 for mean daytime voided volume; four!®:28.29.34 for the total
volume voided during sleeping hours; and fivel6:27-29.31 for mean nighttime voided volume.
Overall pooled estimates were 1577 (1428, 1725) for 24-hour volume and 425 (362, 487)
and for maximum voided volume. Four studies13:19:31.32 provided pooled data on mean
postvoid residual volume collected by bladder ultrasonography with an overall pooled
estimate of 12 (4, 20). We found a high degree of heterogeneity (I2) for voided volumes
ranging from 61.1% for mean daytime voided volume to 99.6% for total daytime voided
volume, and 99.9% for postvoid residual volume. Normative reference values varied
considerably for voided volumes; values calculated for postvoid residual volume were less
variable.

3.4.3 Uroflowmetry Results—We pooled data from 11 studies12-14.17.22,23,26,32,33,35,36
reporting maximum flow rate (Qmax) and voided volume following uroflowmetry,
12-14,17,2-24,26,32,33.36 yjne studies 12-1417:22,32,33,35,36 rgporting mean flow rate (Qave),
fivel3.22.32,35.36 reporting time to maximum flow (TQMax), and sevenl3.14.16,17,26,32,36
reporting flow time (Tvv) from a non-instrumented flow test. Overall pooled estimates were
29 (26, 32) mL/sec for Qmax, 15 (12,18) mL/sec for Qave, 10 (8, 12) secs for TQMax), and
28 (23, 33) secs for flow time. There was a high degree of heterogeneity for bladder
parameters collected from all uroflow studies with 12 ranging from 90.4% for time to
maximum flow to > 99% for mean flow rate and voided volume. With the exception of
voided volumes, most normative reference values for uroflow parameters were within
relatively narrow ranges.

4. Discussion

4.1 Summary of Evidence

This systematic review and meta-analysis provides an in-depth synthesis and evaluation of
bladder function parameters from 22 studies involving non-invasive tests for urination
frequencies, voided and postvoid residual volumes, and uroflowmetry parameters in healthy
or asymptomatic women. To our knowledge, this is the first meta-analysis to provide
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summary mean estimates and normative reference value ranges based on data from women
without LUTS or urologic disorders. Most of what is known about normative reference
values for bladder function in healthy populations is based on clinical populations with
LUTS53 or clinical judgment.# Our review provides 90% normative reference values for
various bladder function parameters in asymptomatic adult females estimated by fixed-
effects models under a log-normal distribution assumption.

We found a wide range of normative reference values for daytime and 24-hour frequencies
and for most measures of voided volume. Of note, the calculated reference values for 24-
hour frequency which varied from 4 to 11 voids in asymptomatic women challenges the
commonly used frequency criteria for diagnosing overactive bladder of 9 or more voids per
24-hours. Our wider range of normative reference values are in contrast with a prior review3
that suggested daytime frequency ranged from 6-7 voids in healthy women versus our
findings of 4-10 voids, and nighttime frequency from 0-1 voids versus 0-2 voids,
respectively. Our results also differ from this prior review regarding 24-hour voided volume
(732-2,929 mLs vs 1,400-1,800 mLs, respectively), mean daytime voided volume (108-418
mLs vs 200-250 mLs, respectively), and mean nighttime voided volume (44-588 mLs) vs
300-400 mLs, respectively). These differences might be attributed the inclusion of a greater
number of studies and overall larger sample size, and/or use of different methods to calculate
reference ranges. As expected, postvoid residual volumes (1-56 mLs) in this meta-analysis
of asymptomatic women are lower than the 100-150 mL or one-third of total bladder volume
that is customarily used to determine incomplete bladder emptying in clinical practice.

Non-instrumented uroflowmetry results can often be difficult to interpret as a single value
because maximum and average urine flow rates are directly proportional to the voided
volume. As voided volume increases uroflow rates also increase. In this meta-analysis, the
maximal and mean urine flow rates were 29 mL/sec and 15 mL/sec, respectively, with time
to maximum flow of 10 sec and with an average voided volume of 324 mL. These uroflow
parameters are quite similar to those values found in a previous review® which reported a
maximal flow rate of 23.5+10 mL/sec, mean flow rate of 13+6 mL/s, time to maximum flow
of 8+6 sec, and an average voided volume of 338+161 mL in healthy women. Based on our
normative reference value calculations, maximal and mean urine flow rates ranged from 12
to 44 mL/sec and 6 to 26 mL/sec, respectively, with a time to voided volume of 3 to 20 sec
and an average voided volume of 121 to 638 mL.

Our results on normative reference values for all bladder function parameters should be
interpreted cautiously because of differences in eligibility criteria used across included
studies, particularly with respect to age and definitions of healthy or asymptomatic women.
We found marked heterogeneity of results from studies included in the meta-analysis on all
bladder function outcomes. Given the high /2 values and the wide confidence intervals, along
with the relatively wide variations in calculated reference values for most bladder function
parameters, it is difficult to determine with accuracy whether these reference ranges describe
“healthy” bladder function in women. However, these reference ranges may indicate normal
variability which is greater than previously known. Variables known to affect bladder
function such as age, fluid and caffeine intake, health and functional status, exercise status,
medications, chronic disease, menstrual status, cultural norms, and long-standing toileting
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habits likely influenced these results. Unfortunately, we were not able to take these into
account in our analyses. Differences across studies might also be explained by errors in
reporting urination frequencies and voided volumes on bladder diaries which rely on self-
report. However, even with a larger number of studies, a more accurate method of
assessment, and a sample of carefully selected healthy women, it may not be possible to
provide one single estimate of bladder function for all women because of the many factors
that influence these values. Instead, future studies should report reference values stratified by
factors known or believed to influence bladder function.

4.2 Strengths and Limitations

There are several limitations to this review. First, we found relatively few eligible studies for
bladder function parameters, but particularly for urination frequency, voided volumes, and
postvoid residual volumes. Second, the pooled sample size for each outcome assessed was
relatively low, which contributed to the wide confidence intervals. Third, there was high
heterogeneity across studies for all outcomes, with few studies providing sufficient
information on sample characteristics (e.g., parity, hormonal status, fluid intake, or health
status) to help identify sources of heterogeneity. Although voiding outcomes may differ by
country because of the availability of clean drinking water, cultural norms, and availability
of bathrooms, we were to examine the influence of country because of the small number of
studies with these outcomes. The wide confidence intervals and high heterogeneity across
studies makes it difficult to precisely estimate normative reference values. Fourth, we were
unable to estimate reference values within specific age groups. The use of broad age groups
fails to consider how bladder function may change across the life span, particularly with
menopause and aging. Age is a known factor that can affect bladder function such as
uroflowmetry results in symptomatic women.>* And finally, we only include journal articles
published in the English language as full-text articles, thereby omitting any studies
published or reported in other languages, and studies available only in the grey literature
such as abstracts and unpublished reports.

Despite these limitations, the study has several strengths. A comprehensive search in seven
electronic databases along with manual searching yielded additional studies not identified in
previous reviews,*® with seven of these included in the quantitative synthesis.*8 We also
applied strict eligibility criteria to identify a healthy or asymptomatic female population
without known urological that may affect bladder function as measured by noninvasive tests.
Our eligibility criteria for the quantitative analysis required outcomes reported with a
measure of central tendency along with a standard deviation or standard error. This allowed
us to conduct meta-analyses on urination frequencies and voided and postvoid residual
volumes in women without LUTS or urological disorders, and to update previous reviews on
uroflowmetry parameters. Based on the data, we also calculated normative reference values
for bladder function parameters which have not been reported previously in women without
LUTS.

4.3. Conclusions

There appears to be a wide range of normality in bladder function in healthy women that
affects urination frequency, voided volumes, and some uroflowmetry results. We also found

Neurourol Urodyn. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wyman et al.

Page 11

a narrower range of normality for postvoid residual volumes. However, there are insufficient
data available to define reference values for noninvasive measures of bladder function in
“healthy” women. In this meta-analysis of 24 studies involving 3,090 women, we found a
limited number of studies with a relatively small overall sample size for most outcomes in
which to calculate reference value ranges for normal bladder function. The substantial
variability across studies makes it difficult to accurately define normative reference values
for women in various age groups. Study heterogeneity might be attributed to differing
definitions of a “healthy” population, and varying sample populations which were poorly
characterized by age and provided little information on additional factors that might
potentially influence bladder function parameters. The high level of heterogeneity in the
results found in this review highlights the need for future research with larger well-screened
populations that explicitly exclude those with LUTS and urological disorders and
medications that can affect bladder function to better define reference values for bladder
function in healthy women. Future studies should also provide more detail on demographic
and clinical characteristics that could potentially affect bladder function and conduct
analyses based on well-defined age groups. Having a well-characterized population would
aid subgroup analyses such as those groups defined by parity, hormonal status, medications,
and certain chronic diseases or gynecological surgeries. Finally, studies should consider
what “healthy” bladder function is within the context of each woman’s environment and
lifestyle habits.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary of Methodological Quality of Studies Included in Meta-analysis

Table 2.

First Author Sample Standar dized Outcome
M easurement
Excluded Characterized | Self-report Noninvasive
vgvlm;?matic érgeecllge Instrument2 Labgratory
1 Test
Manner
Ahmed!” Y N NA Y
Altun18 u Y NA
Amundsen®® Y Y NA
Barapatre!? Y Y NA
Boyko? u Y NA
Devreese?? Y Y NA
De Wachter16 Y N NA Y
Drach?3 Y N NA
Fantl? Y Y NA
FitzGerald® Y Y NA Y
Gértner?6 U N Y NA
Haliloglu?’ Y Y NA Y
Huang?8 Y Y Y NA
Kassis?® Y Y NA Y
Kumarl3 u N Y NA
Larsson®0 Y Y NA
Pauwels3! u Y NA Y
Porru32 u Y Y NA
Suebnukanwattan# Y Y Y NA
Unsal®® Y Y Y NA
van Haarst3* Y N Y NA
Wyndaele3> Y N N Y
Yang?36 Y Y Y NA
Yu¥? N Y Y NA

Ratings: Y = yes; N=no, U=unclear; NA = not applicable

1 . . .
= Mean or median with standard deviation or standard error.

2 .
= diary

3 . . .
= uroflowmetry, postvoid residual volume, 24-hour urine volume
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Table 3.

Summary of Pooled Bladder Function Measurements with Normative Reference Values

Studies | Total Mean Overall Estimate 12 90%
(N) Sample | Range of (95% CI) % Normative
Individual Reference
Studies V. aluel

Urination Frequenci&sz
Daytime frequency 5 869 5.6-7.2 6.6 (6.2, 7.0) 85.9 4-10
Nighttime frequency 5 869 0.1-1.0 0.4 (0.0, 0.8) 99.0 0-2
24-hour frequency 7 1406 5.8-8.3 7.0(6.3,7.7) 97.5 4-12
Voided and Postvoid Residual Volumes®
Total daytime voided volume 4 854 273-1261 945 (289, 1601) 99.6 136-1718
Mean daytime voided volume 4 140 207-289 230 (203,258) 61.1 108-418
Total nighttime voided volume 4 854 347-468 401 (343, 459) 91.5 152-743
Mean nighttime voided volume 5 259 155-450 317 (225, 408) 97.1 44-588
24-hour voided volume 7 1424 1256-1759 | 1577 (1428, 1725) | 94.0 761-3042
Mean voided volume 7 838 216-294 245 (226, 265) 85.7 116-428
Maximum voided volume 5 767 362-514 425 (363, 487) 95.6 184-761
Minimum voided volume 2 280 81-193 137 (27, 246) 98.9 34-325
Postvoid residual volume 4 503 1-20 12 (4, 20) 99.9 1-56
Uroflowmetry Parameters‘M‘g
Maximum flow rate (Qmax) 11 1169 20-49 29 (26, 32) 97.9 12-44
Mean flow rate (Qave) 9 860 9-24 15 (12, 18) 99.3 6-26
Time to maximum flow (TQMax) 5 399 7-15 10 (8, 12) 90.4 3-20
Flow time (Twv) 7 517 24-38 28 (23, 33) 94.6 13-64
Voided volume (VV) 11 1067 224-409 324 (299, 350) 99.2 121-638

1
Reference values rounded to whole numbers

2
Frequency counts rounded to tenths
3 R
Volumes reported in milliliters
4 PR,
Flow rates in milliliters per seconds

5 L
Flow time in seconds
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