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Abstract

Introduction and hypothesis Mixed urinary incontinence (UI) is, on average, more severe than urgency Ul or stress UL We tested
the hypothesis that mixed Ul is a more advanced stage of Ul by comparing transition probabilities among women with stress,
urgency, and mixed UL

Methods We used data from the General Longitudinal Overactive Bladder Evaluation Study-UI, which included community-
dwelling women, aged 40+ years, with Ul at baseline. Study participants completed two or more consecutive bladder health
surveys every 6 months for up to 4 years. Using sequential 6-month surveys, transition probabilities among Ul subtypes were
estimated using the Cox-proportional hazards model, with the expectation that probabilities from stress or urgency Ul to mixed
UI would be substantially greater than probabilities in the reverse direction.

Results Among 6,993 women 40+ years of age at baseline, the number (prevalence) of women with stress, urgency, and mixed
Ul was 481 (6.9%), 557 (8.0%), and 1488 (21.3%) respectively. Over a 4-year period, the transition probabilities from stress Ul
(34%) and urgency UI (27%) to mixed Ul was significantly higher than probabilities from mixed to stress UI (6%) or to urgency
UI (rate = 9%). The adjusted transition hazard ratio for stress Ul and urgency Ul was 2.06 (95% CI: 1.73-2.92) and 1.85 (95% CI:
1.63-2.57) respectively compared with mixed UL

Conclusion The substantially higher transition from stress UI and urgency UI to mixed UI supports the hypothesis that mixed Ul
might represent a more advanced stage of Ul that may have implications for understanding disease progression.

Keywords Stress urinary incontinence - Urgency urinary incontinence - Mixed urinary incontinence - Transition - Progression -
Epidemiology

Introduction

Urinary incontinence (UI) consists of three main subtypes.
Stress and urgency Ul occur either separately, or co-occur in
the form of mixed UI, where the observed prevalence of
mixed Ul is significantly higher than expected if stress and
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urgency Ul are assumed to be independent [1]. One explana-
tion for this higher than expected prevalence is that mixed Ul
represents a more advanced stage of Ul This idea is consistent
with mixed UI being more severe (e.g., Sandvik score, both-
ersome symptoms, and quality of life) [2-4]. Moreover, al-
though UI has substantial variability in symptom expression
[5] with high incidence and remission rates [6—10], when
stress and urgency Ul co-occur, they are less likely to remit
and more likely to persist than when they occur in isolation
[11]. If mixed UI represents a more severe stage of Ul we
hypothesized that the transition probability of stress Ul or
urgency Ul to mixed UI would be substantially greater than
the reverse probabilities.

Most longitudinal studies on the natural history of UI de-
fine progression as moving from a mild to a more severe level
of disease. However, relatively little is known about the pop-
ulation level transition probabilities from one UI subtype to
another [11]. The definition of Ul subtypes is based on cross-
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sectional interpretation of current Ul symptoms, commonly
within the past 1—6 months. However, women with mixed
UI may not report co-occurring stress and urgency Ul symp-
toms every time they experience urine loss. Therefore, in lon-
gitudinal studies, it is possible to identify women who in fact
transition from one subtype to another. These transitions from
pure to mixed Ul subtypes or vice versa are not well under-
stood and to our knowledge have not been previously studied.
The objective of our study was to better understand transition
rates of Ul subtypes every 6 months and over a period of
4 years. We hypothesize that compared with stress and urgen-
cy UI, mixed Ul is less likely to transition to a pure UI stage
such as stress or urgency Ul To test this hypothesis, we de-
termined transition rates among Ul subtypes using longitudi-
nal data from the General Longitudinal Overactive Bladder
Evaluation Study of Urinary Incontinence (GLOBE-UI). We
also examined whether these hypothesized stages of progres-
sion might be associated with indicators of early versus more
advanced stages.

Materials and methods

The GLOBE-UI is a longitudinal study of the natural history
of Ul in women 40 years of age and older that started in 2009.
The study is described in detail elsewhere [5, 12, 13]. Here, we
summarize the source population, the study cohort, the
Bladder Health Survey (BHS) and its validation, and other
study details. The Geisinger Health System (GHS) institution-
al review board approved the study.

Source population and GLOBE-UI cohort

At the time the study was conducted, the Geisinger Clinic had
41 practice sites in central and northeastern Pennsylvania. We
randomly sampled primary care patients and recruited 10,832
from 162,000 eligible women by mail. Eligibility criteria in-
cluded female patients, >40 years of age, assigned to a primary
care physician, and who had had at least one visit in the past
4 years.

Development of the Bladder Health Survey

The Bladder Health Survey (BHS) is a validated questionnaire
that includes lifetime and 6-month questions on the occur-
rence of urgency, frequency, nocturia, Ul, stress UI, urgency
UI, and Ul adaptive behavior [13]. There were two general UL
questions followed by two questions for each of the two Ul
subtypes, in addition to questions about medical or surgical
treatment for UL Electronic health record (EHR) data were
also obtained on UI medication and surgical treatment history.
For this study, we used the 6-month symptom recall data from
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serial questionnaires to estimate transition probabilities among
UI subtypes.

Most of the BHS questions were from the NOBLE Study
self-administered questionnaire, which itself was clinically val-
idated in a general population sample [14]. The test-retest re-
liability of BHS question responses (i.e., Spearman’s correla-
tion coefficient) for Ul-related items and the content, construct,
and the clinical diagnostic validity was evaluated in a popula-
tion sample. Sensitivity, specificity, and positive predictive
values (PPVs) of the BHS ranged from 78 to 87%, 91 to
92%, and 96 to 97% respectively [13]. Furthermore, the BHS
has been externally validated by the Sandvik score [15, 16].

Definitions of Ul used in the BHS
A woman was defined as having UI if she:

1. Lost more than a few drops or a small amount of urine at
least once a month

2. Reported having Ul symptoms for 3 months or more in
the past 6 months or, if not, having UI symptoms that were
moderate to severe

3. Reported past UI symptoms that were not due to urinary
tract infections or to pregnancy

Active stress Ul for a specific survey was defined as self-
reported Ul episodes in the past 6 months some of the time
or more often (1+) with:

1. Coughing hard, laughing or sneezing, or

2. Lifting, pushing, or pulling a heavy object and she had no
urgency Ul symptoms, and

3. No urgency Ul symptoms

Active urgency Ul was defined as having Ul episodes in the
past 6 months some of the time or more often (1+) associated
with:

1. Trouble getting to the bathroom on time
2. A sudden urgency to urinate, and
3. No stress Ul symptoms

The possible answers and scores (range 0-8) to each of the
above stress Ul and the urgency Ul questions were: never or
rarely (0), some of the time (1), about half of the time (2), most
of the time (3), and always (4). Active mixed Ul was defined
as having both stress and urgency UI symptoms some of the
time or more over the past 6 months.

Statistical analysis

Analysis was limited to women who had Ul symptoms at
baseline and who completed at least one or more follow-up
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surveys within 6-12 months from baseline. Women were ex-
cluded from the analysis if they did not complete the baseline
survey, or had no Ul at baseline, or completed the baseline but
failed to complete the 6- or 12-month follow-up survey.

A woman was defined as having transitioned to another Ul
subtype if she met criteria for one UI subtype in one 6-month
period, and then met criteria for another Ul subtype in the
subsequent 6-month period. Women could also remit if they
met criteria for active UI in one 6-month interval and reported
no Ul symptoms in a subsequent 6-month period. A woman
was censored when she transitioned to another UI subtype or
had a 6-month period without UI symptoms. All subsequent
analyses were based on these 6-month criteria. In addition, we
estimated transition probability using 12-month and 18-month
criteria; that is, once a woman transitioned to another subtype,
what is the probability of persisting in the latter subtype for
12 months or more (or 18 months or more).

We assessed selection bias by comparing EHR data on all
nonrespondents with that of respondents excluded as previ-
ously noted and with that of respondents who were included in
the analysis. Covariates analyzed included age, BMI, parity,
disease comorbidities, smoking status, alcohol use, marital
status, education, and hysterectomy. As some women may
receive interval treatment for their UI, we also controlled for
medical and surgical Ul treatment. Cox-proportional hazards
model was used to compare transition by Ul subtype at base-
line. Unadjusted hazard ratios (HR) for the transition rates
between subtypes were estimated, followed by adjusted HR,
first controlling for other covariates and a second model that
controlled for other covariates and selection bias. Inverse
probability weighting method [17, 18] was used to adjust for
nonresponse bias, and adjusted HR was reported, and 95%
confidence interval was calculated using bootstrap with 500
iterations [19]. We used the same inverse weight to adjust for
transition probability (see Table 2). Additionally, we com-
pared women with baseline urgency, stress or mixed Ul who
transitioned to another Ul subtype versus those who did not by
age, time since onset of Ul, and Sandvik severity score; the
hypothesis here was that women who transition to mixed Ul
would be older, have Ul of longer duration or, on average,
have more severe UL For all comparisons, we used the ¢ test
for continuous variables and the Chi-squared test for categor-
ical variables. Statistical significance was defined when the
confidence interval did not include 1.0 and the p value was
less than 0.05.

Analysis was performed using a SAS (version 9.3) statisti-
cal package (SAS institute, Cary, NC, USA).

Results

A total of 6,993 (65%) women responded to the baseline sur-
vey. Of those, 3,692 women were excluded because they

reported no UI at baseline, and another 775 were excluded
because they had incomplete follow-up data. Analysis of the
follow-up experience was confined to 2,526 (36%) women
who had UI at baseline, including 557 (22%) with stress UI,
481 (19%) with urgency Ul, and 1,488 (59%) with mixed Ul
(Fig. 1). The mean age of respondents was 62.6 (£12.5). More
than 75% had a BMI >25 kg/m?, and over 88% were parous.
Compared with nonresponders, responders were older (49%
vs 43% were 60+, p <0.001), less likely to smoke cigarettes
(58% vs 52%, p =0.001), and more likely to be married (66%
vs 60%, p =0.05). Excluding age, most differences between
responders and nonresponders were modest (Table 1). The
2,526 women with Ul who were included in the final analysis,
versus those who were excluded, were significantly older
(52% vs 41% were 60+, p <0.001), more likely to be ever-
smokers (40% vs 36%, p =0.005), more likely to report UL
symptoms in the past 6 months (65% vs 51%, p <0.001) at
baseline. Surgical (less than 6%) and medical (less than 7%)
treatment for UI were rare in both groups.

Among women who were included in the analysis, in ad-
dition to baseline survey, 15% completed one follow-up ques-
tionnaire, 81.1% completed 3 or more follow-up question-
naires, and 41.7% completed all eight follow-up question-
naires. The mean Sandvik severity score for women with
baseline urgency UI (3.3-4.6) was significantly higher than
those for stress Ul (2.7-3.4; p <0.001), and baseline Sandvik

Initial Random Sample:
10,832

Non-Respondents:
3,839

Respondents:
6,993

Controls with no Ul:
3,692

Cases with Ul:
3,301

Excluded due to
B Incomplete Data:

775

Ul Cases Included in
Analysis:

2,526

[
Stress Ul: Urgency Ul:
557 481

Fig. 1 Flow chart of women

Mixed Ul:
1,488
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Table 1 Comparison of
electronic health records data

among women who completed
versus those who did not

complete the baseline survey in
the General Longitudinal

Overactive Bladder Evaluation
Study of Urinary Incontinence

(GLOBE-UI) study

severity score for mixed Ul (3.7-5.0) was significantly higher

Variable Category Completed baseline survey p value
No (N=3,839) % Yes (N=6,993) %

Age 40-49 31.4 21.6 <0.001
50-59 25.3 29.2
60-69 17.7 22.5
70+ 25.6 26.8

Body Mass Index (kg/ m?) <25 36.6 26.8 0.69
25-29.9 252 29.7
30-34.9 18.8 219
35+ 19.4 21.6

Alcohol Use No 50.6 51.2 0.47
Yes 323 37.1
Missing 17.1 10.6

Smoking Status Never 522 57.6 0.001
Yes/passive 17.9 12.6
Quit 20.6 249
Missing 9.3 4.9

Marital status Married 59.9 65.6 0.05
Widowed 17.2 15.3
Separated/divorce 11.7 11.0
Single 11.1 8.1

Diabetes No 85.5 84.6 0.39
Yes 14.5 154

Charlson Score 0 55.9 55.8 0.39
1 18.0 18.6
2+ 22.6 242
Missing 3.6 14

than those for UUI or SUI (both p -value <0.01).

The transition probabilities from stress Ul (33.6%) or ur-
gency Ul (27.4%) to mixed Ul were significantly and substan-
tially greater than the transition probabilities from mixed Ul to
either stress Ul (5.6%) or to urgency Ul (8.6%). The proba-
bility of transition from stress Ul to urgency Ul (1.5%) or vice
versa (1.0%) was very low (Table 2). Sensitivity analysis of

transition probabilities using different criteria (i.e., requiring

that the transition to the new state last for 6+, 12+ or 18+

months) showed that although the trends in transition proba-
bilities did not differ in the 12+ or 18+ months versus the 6+-
month criteria, the probabilities for the former groups were
considerably lower (Table 2).

Using mixed UI as the reference, the transition hazard ra-
tios (HRs) using the 6+ month criteria were highest for stress

Table2  Probability of transition from one Ul subtype to another among women who had active Ul symptoms from baseline to 6+, 12+, or 18+ months

UI subtype Transition type Probability Probability adjusted Probability Probability
(6+ months) %* for selection bias %" (12+ months) %* (18+ months) %°

Stress UI (557) Stress Ul to mixed Ul 31.2 33.6 18.5 13.7

Stress Ul to urgency Ul 22 1.5 0.5 0
Urgency Ul (481) Urgency Ul to mixed Ul 26.8 274 12.1 9.0

Urgency U to stress Ul 1.1 1.0 03 0
Mixed UI (1,488) Mixed UI to stress Ul 5.7 5.6 1.9 0.9

Mixed UI to urgency Ul 8.3 8.6 3.7 2.1

Ratio of number of women who met the transition criteria to the number of women who met the subtype criteria at baseline

® Above ratio is adjusted by the inverse weight obtained from a response/nonresponse logistic regression model

@ Springer



Int Urogynecol J (2018) 29:1179-1185

1183

UI (HR =2.34) followed by urgency Ul (HR =2.04).
Adjusting for confounders had little to no impact on HR
values; adjusting for selection bias reduced the HR values,
but they remained statistically significant. The stress Ul HR
for transition was not significantly different from the HR for
urgency UI (Table 3).

Women who transitioned from mixed to stress Ul (mean
age =157) were younger than those who transitioned from
mixed to urgency Ul (mean age = 65) or who did not transition
(mean age =63), p <0.01. Transition by time since the onset
of Ul differed only in the urgency UI group, where women
with Ul symptoms for more than 2 years were more likely to
transition (57% versus 41%), p = 0.02. Women with stress Ul
who did not transition to mixed UI were more likely to have a
slight Sandvik score (60.5%) versus those who transitioned
(48%), p=0.05; finally, women with mixed UI who
transitioned to either stress or urgency Ul were more likely
to have a slight Sandvik score (38—41%) versus those who did
not transition (28.5%), p =0.02 (Table 4).

Discussion

The results of this study are consistent with the hypothesis that
mixed Ul might represent a more advanced stage of Ul than
either stress UI or urgency UL The probabilities of transition
from stress UI and urgency Ul to mixed Ul are substantially
greater than transition probabilities in reverse, where women
with mixed UI are the least likely to transition to another Ul
subtype over a period of 4 years. More than 85% of women
with mixed UI did not transition to another subtype of UL
Moreover, transition in and out of stress UI occurs at a youn-
ger age (50s) when compared with urgency and mixed Ul
(60s), and women with stress UI have a lower mean Sandvik
score when compared with women with mixed UL
Additionally, the mean Sandvik score differs in women de-
fined by whether or not they transitioned from one UI subtype
to another. In particular, the mean Sandvik score is lower for
women with mixed UI who transition to another UI subtype.
In contrast, women with stress UI who transition to mixed Ul

have a higher Sandvik score than women who do not. Finally,
less severity is consistent with transition back to stress Ul and
urgency UL, which we suspect represents a transient change.

A number of potential mechanisms of action could explain
the finding that women with stress and urgency Ul have a
higher probability of transitioning to mixed UI than in the
reverse direction. One mechanism of how mixed UI develops
may involve stress Ul transitioning into urgency UI, or more
likely, a stress event inducing an urgency Ul episode, resulting
in co-existing mixed UI symptoms [20]. Alternatively, persis-
tent and severe urgency Ul may lower the threshold for the
onset of stress Ul (or occurrence) leading to mixed UL Future
longitudinal studies with repeated surveys are needed to better
characterize Ul subtype progression and stages of disease.
These findings suggest that a more comprehensive under-
standing of longitudinal UI experience would benefit from
formal disease progression modeling that relies on an empir-
ical or mechanistic approach to understanding mediators and
modifiers of transition from one Ul subtype to another [21].
Disease progression modeling could improve identification of
prognostic factors and related interventions to slow or prevent
transitions from stress UI or urgency Ul to mixed UL More
formal use of disease progression models could also accom-
modate findings from a diversity of studies to inform or guide
priorities for the development of prevention strategies and
interventions that may help to modify or reverse the risk of
disease progression into mixed Ul, the Ul subtype that is most
challenging to treat.

Persistence of mixed Ul or transition to mixed Ul may be
an indicator of disease progression. These findings also help
to explain the paradox of why the observed prevalence of
mixed Ul is much higher than the expected prevalence, given
the overall prevalence of stress and urgency Ul and assuming
independent co-occurrence of stress and urgency UI. First,
stress Ul prevalence peaks at an earlier age (fifth decade of
life), whereas that of mixed UI peaks in late adulthood [1].
Second, as this current study shows, stress and urgency Ul are
more likely to transition to mixed Ul (and do so at a faster
pace) than vice versa. Third, in those who do not transition
(i.e., persist), the Sandvik severity score is highest in women

Table 3  Hazard ratios for transition to another subtype by Ul subtype and other covariates among women who had active Ul symptoms at baseline
Parameter Category Without adjustment® With adjustment for covariates® With adjustment for selection bias™®
Hazard ratio (95% CI) Hazard ratio (95% CI) Hazard ratio (95% CI)
Baseline UI status Stress Ul 2.32 (1.83-2.95) 2.34 (1.83-3.00) 2.06 (1.73-2.92)
Urgency Ul 2.02 (1.57-2.61) 2.04 (1.58-2.65) 1.85 (1.63-2.57)
Mixed UI 1.00 1.00 1.00

#Univariate Cox proportional hazard model

° Multivariate Cox proportional hazard model, controlling for age, BMI, parity, Charlson score, smoking, alcohol, hysterectomy, UI surgery, and

medication for Ul

¢ Inverse weighting was adjusted in the above multivariate Cox proportional hazard model
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Table 4  Profile of women with stress UL urgency UL and mixed UI at baseline by transition status

Variable Statistic Baseline Ul symptom status: Baseline Ul symptom status: Baseline Ul symptom status: mixed Ul
urgency Ul stress UL
To mixed Ul No transition To mixed Ul No transition  To stress Ul To urgency Ul No transition
(N=129) (N=348) (N=174) (N=371) (N=84) (N=124) (N=1,280)
Age (years)* Mean 66.3 (11.7) 66.0 (12.0) 57.9 (11.6) 56.9 (9.9) 56.6 (11.6) 64.5(12.0) 62.7 (12.1)
Time since onset 624 months, % 43.2 59.2 49.2 45.1 51.6 58.2 44.8
of UL(%)*™ 2 dyears, %  24.2 12.6 19.5 13.6 17.7 14.3 15.7
5-7 years, % 24.2 20.8 26.6 333 274 26.4 34.7
8+ years, % 8.4 7.5 4.7 8.1 32 1.1 4.8
Sandvik Severity Slight, % 34.8 36.5 48.0 60.5 41.0 37.7 28.5
Score*** Moderate, % 44.6 46.8 425 338 49.2 42.4 47.1
Severe, % 20.7 16.7 9.5 5.7 9.8 20.0 24.4

All comparisons are between women who transitioned and those who did not by UI subtype:

*p value for mean age comparisons using ¢ test:
* From urgency Ul to mixed UI versus no transition, p = 0.88

* From stress Ul to mixed Ul versus no transition, p = 0.40

* From mixed UI to stress UI versus mixed Ul to urgency Ul or no transition, p =<0.01

**p value for time since onset of Ul comparisons using the Chi-squared test:

* From urgency UI to mixed UI versus no transition, p = 0.02
* From stress Ul to mixed Ul versus no transition, p=0.17

* From mixed Ul to either stress or urgency Ul versus no transition, p value(s) = nonsignificant

**%p value for Sandvik severity comparisons using Chi-squared test:
* From urgency Ul to mixed Ul versus no transition: p = 0.69

* From stress Ul to mixed UI versus no transition: p = 0.05

» From mixed Ul to either stress or urgency Ul versus no transition: p =0.02

with mixed UL Finally, remission data by Komesu et al. dem-
onstrate that women with mixed Ul are less likely to remit, and
if they do, they are more likely to experience subsequent re-
current symptoms than women with either stress or urgency
UI, furthermore, age-specific incidence of Ul among women
over 50 years of age does not vary by Ul subtype [11]. These
collective findings of incidence, transition, remission, and se-
verity support the conclusion that progression of Ul and its
persistence favor an increasing prevalence of mixed Ul with
time and a dominance of this subtype at an older age.

Our bladder health survey was administered every
6 months. Most longitudinal Ul studies survey individuals at
longer time intervals (every 1 to 5 years) and demonstrate a
high incidence coupled with high remission rates over time
[6-11]. It could be argued that our transition data that favor
progression of UI from pure the subtypes to mixed Ul may be
biased because of short term variability of symptoms, or be-
cause of the effect of confounders such as treatment on Ul
natural history. However, following our patients over 4 years
revealed lower transition probabilities but similar trends over
time. In addition, when potential confounders including age,
BMI, and interventions such as medical or surgical treatment
for UI were analyzed, none had an impact on transition rates
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(Table 3). In reality, it is well documented in epidemiological
studies that only a minority of community-dwelling women
seeks or receives care for UI [22].

A limitation to our study was a nonresponse rate of 35%.
Nonresponders differed in certain demographic and clinical
characteristics when compared with our active Ul group.
However, the response rate in our study was similar to or even
higher than those of other population-based studies, and there
is no evidence for a nonresponder bias in people over the age
of 40 in surveys assessing urinary symptoms [23, 24].
Additionally, a number of potential confounders were signif-
icantly different between women who were included in the
analysis versus those who were not. However, selection bias
did not explain the differences in transition rates as the adjust-
ed results for selection bias when estimating hazard ratios did
not differ much from the unadjusted results. Accounting for
both response bias and inclusion (or exclusion) of responders
did not alter the main study findings, or their direction.
Another limitation is that we only included women who were
40 years of age or older. As a result, it is not possible to
ascertain if factors that occur before the age of 40, where
prevalence of stress Ul is dominant, may lead to co-existing
and persistent stress and urgency Ul (i.e., mixed UI). Finally,
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women with severe Ul may be less likely to distinguish be-
tween stress and urgency Ul resulting in misrepresentation of
the true estimates of transition rates across Ul subtypes.

To conclude, Ul is a highly dynamic condition that transi-
tions from one subtype to another over time. Mixed Ul is the
most persistent subtype and least likely to transition when
compared with stress and urgency UL Based on the epidemi-
ology of UI and its subtypes, it is possible that stress UI de-
velops first, followed by urgency UL Over time, we hypothe-
size that the co-occurrence of stress and urgency Ul, or one
subtype predisposing onset of the other promotes progression
of Ul into the more advanced stage of mixed UL
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