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Abstract

Objective—Compare continence system function of Black and White women in a population-based
sample.

Methods—As part of a cross-sectional population-based study Black and White women ages 35—
64 years were invited to have pelvic floor testing to achieve pre-specified groups of women with and
without urinary incontinence. We analyzed data collected from 335 women classified as continent
(n=137) and stress (n=102) and urge incontinent (n=96) based on full bladder stress test and
symptoms. Continence system functions were compared across racial and continence groups.

Results—Comparing Black to White women, maximal urethral closure pressure (MUCP) was 22%
higher in Blacks than Whites (68.0 vs. 55.8 cm H,0, p<0.0001). White and Black women with stress
incontinence had MUCP 19% and 23% lower than continent women. MUCP in urge incontinent
White women was as low as stress incontinent Whites, but Blacks with urge had normal urethral
function.

Conclusion—Black women have higher urethral closure pressures than White women. White
women with urge incontinence, but not Black women, have reduced MUCP.

Keywords
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BACKGROUND AND OBJECTIVE

Urinary incontinence is a common and distressing condition whose care costs $16 billion
dollars each year.! Clinical evaluation has suggested differences in incontinence prevalence
between Black and White women.2 Survey-based studies have confirmed these differences,
indicating that Black women are less likely than White women to experience urinary
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incontinence.3~7 In a recently conducted population-based investigation in Southeastern
Michigan named Establishing the Prevalence of Incontinence (EPI) Study with adequate
sampling of Black women, we found the prevalence of urinary incontinence to be 14.6% for
Black women and 33.1% for White women confirming several other reports of lower
incontinence rates in Black women.8 A larger proportion of White women with incontinence
reported symptoms of pure stress urinary incontinence (UUI;SUI; 39.2%) compared to Black
women (25.0%), whereas a larger proportion of Black women (23.8%) reported symptoms of
pure urge urinary incontinence (UUI) compared to White women (11.0%), confirming the
observations of other studies.®10 In the EPI study, the distribution of lifestyle and risk factors
were generally similar by race.® Therefore, the reason for higher prevalence of urinary
incontinence, especially SUI, in Whites remained unknown. Stress continence depends on the
strength of the continence system and the pressures to which it is subjected.1! The continence
system consists of the urethral sphincters and their supports, including both endopelvic fascia
and the levator ani muscles. In a recent study of stress incontinent women we found that poor
urethral sphincteric function was the primary determinant of SUI,12 but the importance of
urethral function in determining UUI was not examined. In a prior study we have shown how
nulliparous Black women have better urethral function than Whites 12, and this observation
may help explain the disparity in SUI symptoms by race.® But the relative contributions of
urethral function, support, and other factors in Black and White continent and incontinent
women with either SUI or urge incontinence are not known.

In this study, we compare continence system functions in a population-based sample of
continent and incontinent Black and White women to determine the relative contributions of
urethral sphincteric function and urethral support to incontinence. Such knowledge should lead
to a better understanding of reasons underlying disparities in incontinence and could have
important implications not only for more targeted treatment but also to identify potentially
modifiable risk factors.

MATERIALS AND METHODS

The EPI study was designed in two phases. As previously described, the first phase of the study
involved a telephone interview regarding self-reported incontinence drawn from a community-
based sample of women residing in Southeastern Michigan.® In brief, women ages 35-64 were
sampled from telephone records including three Southeast Michigan counties with over-
sampling of Black women to ensure adequate representation by race. Of the 12,541 telephone
numbers purchased, 9,199 (73.4%) were qualifying households that were contacted and
screened. Of these, 3,692 (40.1%) households had an eligible woman resident and 2,814
completed the survey (1,922 Black, 892 White), for a 76.2% response rate. The telephone call
was conducted by, trained female interviewers from the Institute for Social Research at the
University of Michigan. Women were asked to self-identify their race. If self-identifying as
Black or White race the interview progressed to questions about their demographic, health
history, lifestyle, and obstetric/gynecologic characteristics as well as their urinary incontinence
experience. Those who self-identified as other than of Black or White race were excluded. In
the second phase of the EPI study, the focus of this manuscript, a subset of the women who
participated in the telephone interview was invited to undergo urodynamic and pelvic floor
testing in the clinic.

A priori sample size calculations conducted at the outset of the larger EPI Study® indicated
need for 50 to 65 Black and White women in each continence status (continent, SUI, UUI) to
achieve power of 0.80 to detect effect sizes of 0.44 to 0.47 in comparing pelvic floor testing
parameters. Recruitment was carried out to achieve groups of these sizes. Final group numbers
differ somewhat from original targets because it is not possible to completely predict a subject’s
continence status on urodynamic testing based on the telephone interview (i.e., some subjects
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who described themselves as continent during the telephone interview reported being
incontinent when they came in for their clinic visit!4,

Clinical examinations were performed with women in a semi-recumbent position in a
urodynamics chair at a 45° angle. Assessment of vaginal and uterine support was conducted
using the Pelvic Organ Prolapse Quantification System (POP-Q), a technique that assesses the
downward displacement of specific points along the vagina and cervix at maximal Valsalva.
15 Urethral axis inclination measurements were made from the horizontal with a cotton-tipped
swab (“Q-tip”) at rest, during maximal Valsalva and during attempt to contract the pelvic floor
muscles (maximal contraction).16

Urethral function was assessed with urethral profilometry. For each woman, two or three
urethral pressure profile measurements were taken using an 8 Fr. Gaeltec® dual-microtip
urodynamics catheter (Medical Measurements Incorporated, Hackensack, NJ) with the
transducer laterally oriented and averaged. Post-void residual urine volume was measured by
volume obtained during catheterization. First urge to urinate was noted as well as any detrusor
contraction during bladder filling through a catheter to cystometric capacity using a medium
fill rate. Cough and Valsalva leak point pressures were determined on 300 cc bladder volume.
(Bladder volume was reduced to 300 cc through passive catheter drainage if “first urge”
occurred at a higher volume during filling). “Load on the system” was quantified as highest
cough pressure obtained during the leak point pressure testing. A positive full bladder standing
stress test was conducted after removal of the catheter and resulting stress-associated urine
leakage with cough or Valsalva was documented. A uroflow was performed after catheter
removal. Levator ani muscle function was assessed with an instrumented vaginal speculum
designed to measure vaginal closure force both at rest and during maximum voluntary
contraction.1’

For the purposes of this study, classification of continence status was made using the following
definitions.

Stress urinary incontinence (n = 102)

All women that leaked urine during coughing on examination were classified as having the
physical finding of SUI. Because the purpose of this portion of the project was to assess the
relationship between continence mechanism structures and functional elements, we chose this
objective evaluation over self-report of SUI on clinical examination. Thus, all of the SUI
women analyzed had demonstrable leakage during cough. None had documented detrusor
instability, but some were symptomatically positive for urge.

Urge incontinence (n=96)

Women who were given a final clinical diagnosis of only UUI, without SUI, based on history
of symptoms of UUI and negative stress test during examination were classified as having urge
incontinence.

Continent (n=137)

Women who denied urinary incontinence 12 times or more per year and who did not
demonstrate urinary incontinence during urodynamic testing were classified as continent.
Women Excluded from Analysis: Women who self-reported SUI as their only leakage
symptoms, but in whom SUI could not be demonstrated on clinical examination (n=22) were
excluded from analysis because they could neither be properly classified as having
demonstrable SUI, nor could they reasonably be considered continent. Women who
demonstrated SUI only on Valsalva maneuver and never during coughing were also excluded
(n=29). This decision was made in recognition of the fact that normal women can void by
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increasing their abdominal pressure while relaxing their pelvic floor muscles. In addition, seven
women with other forms of urinary incontinence were excluded; one reported the feeling of
moisture but denied urge or stress symptoms, one complained only of urine loss at the end of
micturition and five had nocturnal enuresis but denied urge symptoms or demonstrable SUI
during a cough.

Statistical Methods—Sampling weights were applied to the data to adjust for over-sampling
for urinary incontinence and Black race, for the purpose of projecting the clinical sample to
the population from which the survey sample was drawn (i.e., source population). Demographic
characteristics, health history, lifestyle factors, and obstetric/gynecologic history were
compared between Black and White subjects within each of the continence status groups using
Chi-square tests (Table 1). Least squares mean measures of urethral function, urethrovaginal
supports, and urodynamics were compared between White and Black women, adjusted for age
(continuous), body mass index (continuous), diabetes (yes, no) and vaginal parity (0, 1-2, >3)
(Table 2). Multivariable logistic regression analyses were conducted to determine factors best
explaining SUI or UUI, separately for Black and White women (Table 3). All logistic regression
models were adjusted for age (continuous), body mass index (continuous), diabetes (yes, no)
and vaginal parity (0, 1-2, >3), and weighted to reflect the overall source population. For each
model, goodness of fit was assessed using the Max re-scaled R2, and the area under the OROC
curve. Within each racial group, pairwise comparisons of pelvic floor measures across
continence groups were calculated using t-tests, with an indication if the comparison remained
statistically significant after Bonferroni adjustment for multiple inferences (Appendix A,
Figures). P-values less than 0.05 were considered statistically significant. All analyses were
conducted using SAS version 9.1 (SAS Institute, Inc., Cary, NC).

Demographic, health history, lifestyle, and obstetric/gynecologic characteristics of the study
sample, by continence status and race, are shown in Table 1. Among continent women, Black
and White women were generally similar on these variables with the exception that White
women completed more years of education (p=0.003) and were more likely to be married
(p=0.02). Additionally, more continent Black women had a history of diabetes (p<0.0001) or
hysterectomy (p=0.006), higher body mass index (p=0.02), and higher vaginal parity
(p<0.0001) compared to continent White women. Among SUI women, the only significant
difference between the racial groups was that more White women reported drinking over eight
glasses of fluid per day (p=0.04) compared to Black women. Among UUI women, White
women completed more years of education (p=0.006) and had lower body mass index (p=0.03)
compared to Black women.

Population-based Continence System Parameters by Race

Table 2 compares continence system parameters for all Black and all White women, weighted
to adjust for over-sampling Black and incontinent women to reflect the population from which
the sample was drawn. Maximal urethral closure pressure (MUCP) was 22% higher in Black
women than White women. Urethral axis and urethro-vaginal support were similar between
the racial groups as was levator ani muscle function. Black women had an 11% higher bladder
pressure during maximal cough despite similar resting bladder pressures. Although Blacks had
statistically lower post void residual urine volume, both of these values were within the normal
clinical range. Other measures of continence system function were similar between the two
racial groups.
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Comparisons within Race Groups by Continence Status and Type

Figure 1 shows that white women with SUI and UUI both had lower urethral pressures
compared to white continent women, whereas in black women, lower MUCP occurred only in
those with stress urinary incontinence. Therefore, Black women with UUI had higher urethral
closure pressures compared to White women with UUI.

Urethral axis during Valsalva and with maximal contraction is shown in Figure 2. Both White
and Black women with SUI showed greater urethral axis change (more mobility) during
Valsalva compared to UUI women, although only the difference in Whites was statistically
significant. During pelvic muscle contraction, both White and Black SUI women were less
able to elevate their urethra than continent women. Women with UUI did not differ from
continent women in support during Valsalva in either Black or White race. White UUI, but not
Black UUI, women were less able to elevate the urethra during pelvic muscle contraction
compared to same race continent women.

Anterior vaginal wall support is shown in Figure 3. Anterior vaginal wall was lower during
Valsalva in Black women with SUI compared with Blacks with urge incontinence. Although
White women with SUI also showed lower anterior vaginal wall than UUI women this trend
was not statistically significant.

White women with UUI were not able to increase their vaginal closure force compared with
continent and SUI White women and Black women with UUI (Figure 4).

Maximal bladder pressure during a cough was higher among White women with SUI, than
continent White women or White women with UUI (Figure 5). The same trend occurred in
Blacks but to a lesser extent and did not reach statistical significance. Continent Black women
coughed harder than continent White women (143 vs 170 cm H,0 respectively).

First urge to void, bladder capacity and flow rates were generally similar between the groups
(Appendix A). Although there was a difference in post void residual urine volume between
continent Black and White women, all values were in the normal range.

In reviewing differences between continence groups for Whites and Blacks it is evident that
there are many more differences found in continence function parameters in Whites than Blacks
despite similar group size, suggesting these measures may explain continence group
differences better in Whites than Blacks (Appendix A, Columns A and B). To further examine
the extent to which these different factors explain the occurrence of stress and urge
incontinence, we built logistic regression models that included the strongest factors from each
of three mechanistic domains: urethral sphincter function (MUCP), load on the system (bladder
pressure during maximal cough) and urethral support (Q-tip during maximal contraction)
(Table 3). When comparing logistic regression models, the Max-rescaled R? values indicate
that these variables are predictive of stress and/or urge incontinence for White women (Max-
rescaled R2=0.65 for SUI and Max-rescaled R2=0.62 for UUI), but provide a relatively poor
model for prediction in black women (Max-rescaled R2=0.27 for SUI and Max-rescaled
R2=0.18 for UUI).

COMMENT

Black women were less likely than White women to have urinary incontinence and,
specifically, stress incontinence on cough. Of the three elements of the stress continence
mechanism: urethral function, urethral support, and maximal cough pressures, we found that
overall urethral function contributed the most.
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Black women had a 22% higher maximal urethral closure pressure compared to White women,
which translates into less stress incontinence despite Black women’s higher maximal cough
pressure. This finding that Black women had stronger urethras is similar to the findings in
White and Black nulliparous women seen in a small non-population based study'3 and in a
clinical population.18 The present study included women with a broader range of age and parity,
providing a fuller representation of the two groups and reducing the effects of selection bias.
Additionally, the fact that the women selected for this research could be linked to the population
from which they were drawn allows their values to be weighted so as to estimate the values
seen in the population, meaning that our findings are not influenced by the number of continent
and incontinent women selected.

For many years, the urethral function was not considered to be important to the cause of urinary
incontinence in general, and stress incontinence in specific. Recent studies have demonstrated
a primary role of urethral function in the etiology of stress incontinencel2. The current data
lend further support to the importance of urethral function in stress incontinence.

In examining urethral function by race and by continence status it can be seen that there are
important differences between the two races. In White women, urethral closure pressure is
equally low in SUI and UUI women suggesting that in White women, decreased urethral
function contributes to incontinence, regardless of type of symptoms. Similarly, Black women
with stress incontinence show lower MUCP when compared to Black continent women.
However, Black incontinent women with UUI do not have lower urethral pressures than
continent White women and continent Black women. This suggests potentially different
mechanisms for UUI in the two groups. One hypothesis explaining these observations is that
poor urethral function in Whites, and their inability to augment urethral closure pressure by
pelvic muscle contractions, might lead to leakage during the occasional normal episodes of
detrusor contraction documented to occur during daily activities.1® Not only was the White
women’s’ urethral closure pressure reduced, but the strength of their levator ani muscles in
increasing vaginal closure force and their ability to elevate the urethra were also reduced. This
may explain many patients’ observations that they “can’t hold on when feeling the urge to
urinate.” In Blacks, however, urethral function was better and therefore may require a larger
detrusor contraction to cause incontinence. Of course, UUI is multifactorial and involves many
potential causes including speculated abnormalities in detrusor muscle, neural, and epithelial
factors. If it is true that UUI in Blacks is less likely to be due to a weak urethra, it may be more
strongly related to one of these other factors.

If White SUI women and White UUI women have equally low urethral pressures, why do they
not have the same symptoms? This difference is likely attributable to differences in urethral
support. White women with UUI overall have good urethral support at rest and during Valsalva
while those with SUI do not. This observation suggests the following hypothesis: In White
women, reduced urethral function puts a woman at risk for incontinence in general and those
with both weak urethra and loss of support are at risk for having stress incontinence, while
those with urge incontinence may still show normal support. This would be consistent with the
wide occurrence of mixed incontinence as there is a continuous spectrum of both urethral
support and urethral function.

There is a difference in the ability or our measurements to predict incontinence in White and
Black women evident in the many statistically significant differences in continence parameters
for White women yet few for Black women. For White women, logistic regression models
demonstrated potential use as a predictive model for both stress and urge incontinence. The
three significant parameters were urethral sphincteric function, load on the bladder and ability
to elevate the bladder position during maximal contraction. For Black women, the same
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parameters showed relatively poor utility as a predictive model for SUI, and even less so for
urge incontinence.

There are several clinical implications to the findings of this study. These results confirm that
urethral function is a critical determinant of SUI and suggest that the urethra is an under-
appreciated but logical therapeutic target. They also indicate that there is a role for urethral
function in the pathogenesis of UUI, at least in White women, and may help to explain why
treatments that increase urethral function may improve some women’s symptoms of

mixed?0 as well as stress incontinence.?! The fact that groups of Black and White women with
UUI seem to have different findings regarding urethral function should lead to consideration
of whether or not there are different therapeutic responses to treatment. For example, pelvic
muscle training for groups of White women with urge or mixed incontinence seems appropriate
while it might not be effective in groups of Black women, thus selection criteria for therapeutic
value needs close examination. Of course, these issues deserve specific investigation before
changes in practice are contemplated. It does, however, emphasize the need for adequate
representation of Black participants in such research.

Several factors must be kept in mind in interpreting the results of this study. There is no perfect
way to separate patients into unique racial or incontinence groups 4. The assumptions outlined
in the methods were chosen due to our desire to understand the overarching mechanisms of
different types of incontinence in self-identified Black and White women rather than the
occurrence of incontinence in a population. All women in the SUI group demonstrated the
physical finding of cough-induced leakage, but may have also had urge whereas those in the
urge incontinent group all had negative stress test and thus less chance of having mixed
incontinence in reality. Thus, most women that would be classified clinically as having mixed
incontinence are represented in the stress group. It is notable that there is no simple laboratory
test that reliably detects the majority of women with incontinence caused by inappropriate
detrusor contractions. All forms of pelvic floor testing involve instrumentation and have
artifacts due to their performance and we recognize that some degree of artifact is present. For
example, our values for urethral axes may seem somewhat lower than are typically seen. This
is likely due to our following current recommendations that pelvic floor testing be performed
with the individual at a 45° angle, which does tilt the pelvis somewhat. The fact that all
individuals were studied in the same manner retains the comparability between subjects in this
study but may affect their comparison to other results reported from other units.

We were limited in the extent of testing that was feasible in our study design. We were asking
women who received an unsolicited telephone call at home to volunteer to drive to a strange
clinic and undergo invasive urodynamic testing by individuals they had never met. For
considerations of subject burden, we chose to limit our testing to an examination that could be
performed in approximately 30 minutes. This precluded performing extensive provocative
maneuvers in an attempt to provoke detrusor contraction and extended pad tests for example.
Although these women come from a population based sample it is logical that there is some
bias in who decided to come in for urodynamic testing that we cannot completely assess. We
were impressed, however, with the altruism demonstrated by these women who did volunteer
when they would derive no personal benefit from this information.

In summary, Black women generally have stronger urethras than White women, but both White
and Black women with SUI had lower MUCP compared to continent women of the same race.
White, but not Black, women with UUI had lower urethral closure pressures. Thus, in White
and Black women, SUI may be more likely in those with poor urethral function and
hypermobility. In White women, UUI may be more common in those with poor urethral
function despite good support. In Black women with UUI, urethral dysfunction did not appear
to be as important in the mechanism leading to urge symptoms. Future studies in prevention
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and therapeutic options, both surgical and pharmacotherapy, should consider these findings in
the development of therapeutic options aimed at improving urethral support or urethral

fu

nction.
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Pelvic Floor Measures for White and Black Women

Thistable shows the pelvic floor measures for White and Black women, stratified by continence
status. Analyses are adjusted for age, body mass index, vaginal parity, and diabetes. Levels of
statistical significance for the relevant comparisons are shown on the right. Column A shows
which differences between the 3 White continence groups how do women with stress and urge
incontinence differ from one another and from continent women. Column B presents similar
information for Blacks. Column C shows where there were differences between the two races
of the same continence status. (e.g. Black SUI vs. White SUI etc.)

Least Square (LS) Mean weighted to be representative of the population from which the sample
was taken for measures of urethral function, vaginal support, genital hiatus, and urethral support
by race and continence status. EPI Study clinic population (n=335*). Analyses are adjusted

for age (continuous), body mass index (continuous), vaginal parity (0, 1-2, >3), and diabetes.
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Figure 1. Maximal urethral closure pressure

Maximal urethral closure pressure (grey bars) and the increase during pelvic muscle contraction
(open bars) by continence status and race are shown with confidence intervals. Thick horizontal
bar indicates statistical significance with Bonferroni correction and thin bars, without. Bars
below the dotted line are for maximal urethral closure pressure and those above for increase
during muscle contraction. (© DeLancey 2009)
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Figure 2. Urethral axis

Urethral axis in degrees during Valsalva (open bars) and with pelvic muscle contraction (grey
bars). Confidence intervals are shown. Thick horizontal bar indicates statistical significance
with Bonferroni correction and thin bars without correction. Significance levels for Valsalva
shown above and for pelvic muscle contraction below. (© DeLancey 2009)
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Figure 3. Anterior and Posterior Vaginal Wall Support

Anterior and posterior vaginal wall support assessed as POP-Q points Aa and Ap. Thin
horizontal bar indicates statistical significance without Bonferroni correction. (© DeLancey
2009)
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Figure 4. Vaginal closure force
Vaginal closure force during pelvic muscle contraction. Thick horizontal bar indicates
statistical significance with Bonferroni correction and thin bars, without. (© DeLancey 2009)
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Figure 5. Maximal bladder pressure
Maximal bladder pressure during cough. Thick horizontal bar indicates statistical significance
with Bonferroni correction and thin bars, without. (© DeLancey 2009)
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