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Aims: To analyze the risk of falls associated with Overactive bladder (OAB), and the
effects of OAB treatment on falls among older adultMedicare fee-for-service enrollees.

Methods: Population based retrospective longitudinal cohort design study using 5%
Medicare claims between 2006 and 2010. Patients with a diagnosis of OAB (ICD 9:

596.51); Urinary Incontinence (ICD 9: 788.3); Urinary incontinence, unspecified

(ICD 9: 788.30); Urge incontinence (ICD 9: 788.31); Mixed incontinence (male,

female) (ICD 9: 788.33); Urinary frequency (ICD 9: 788.41); Nocturia (ICD 9:

788.43); or Urgency of urination (ICD 9: 788.63) were identified and followed

retrospectively for 2 years. Falls was the main outcome of the study. Using logistic

regressions, we analyzed the association between OAB and falls; and the protective

effect of OAB treatment on falls. Propensity score and instrumental variable were

used to minimize bias.

Results:We identified 33 631 Medicare enrollees (mean age = 77.8 years, sd = 7.6)

with OAB. Higher proportion of OAB patients had falls, compared to those without

OAB (11% vs 7%, P< 0.001). Diagnosis of OABwas associated with higher odds of

falls (OR = 1.59; 95% CI = 1.53, 1.65) compared to those without OAB. Fourteen

percent ofOABpatients receivedOAB treatment. Treatment forOABwas associated

with lower odds of falls (OR = 0.88; 95% CI = 0.80, 0.98) compared to those OAB

patients who were not treated.

Conclusions: Older adults with OAB experience increased risk of falls. Treatment

for OAB may reduce this risk. These findings emphasize the need to effectively

identify and treat OAB in older adults.
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1 | INTRODUCTION

Overactive bladder (OAB), defined by the International
Continence Society (ICS) as urgency, with or without urge

urinary incontinence (UI), frequently accompanied with
frequency and nocturia in the absence of proven infection
or other obvious pathology,1,2 is a common health concern for
women and men of all ages. An often embarrassing and
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debilitating condition with significant public health and
economic consequences, OAB affects approximately 17% of
women and 16% of men in the United States, and is especially
common among the older adults.1,3–6 Care for OAB has
evolved from a relatively straightforward mono-therapy
model to a complex one with multi-modal treatment options.7

Moreover, studies of the outcomes of OAB treatment have
demonstrated deficiencies and variability in the quality of
OAB care across geographic region, age, and racial/ethnic
groups.5,6

Overactive bladder has important implications as reflected
by its effects on health related quality of life, functional status,
health service use, and cost of care.8–12 Falls are dispropor-
tionately common in the older adult population, and among
patients with OAB, falls may be an unidentified factor in the
variability in OAB care, contributing to impaired outcomes.
Falls among OAB patients are linked to unpleasant lifestyle
changes, poorer adherence to treatment, and worse long-term
outcomes.4,13–15 Some of the established risk factors for falls
are old age, female gender, visual disturbance, cognitive
disorder, and low body mass index.4,13–15 Additional risk
factors for falls are voiding symptoms of OAB, including
urgency and urge incontinence, and nocturia.10 Prior studies
have highlighted the under-diagnosis and under-treatment of
OAB among older adults with falls.6,8,10,12 Despite the
troubling effects of falls among OAB patients, the scope of
the problem remains mostly underappreciated.13 Additionally,
few studies have used national samples to study the prevalence
of falls among patients with OAB and the association between
OABand falls among older adults.6,8,10–12Theobjective of this
study was to determine the association between an OAB
diagnosis and falls among older adult Medicare fee-for service
enrollees and, the protective effects of OAB treatment on risk
of falls, if any. We hypothesized that persons with an OAB
diagnosis have higher risk of falls, and treatment for OAB is
associated with lower risk of falls, even after adjusting for
potentially influential personal and clinical characteristics.

2 | MATERIALS AND METHODS

2.1 | Data source and sample selection

The Medicare 5% data provides Medicare administrative
claims data for fee-for-service Medicare recipients. We used
this data to create a cohort of men and women, aged 66 years
and older, and identified those with a claim for OAB
diagnosis between 2007 and 200816,17 (Supporting Informa-
tion, appendix Table SA1 for a complete list of OAB related
ICD-9 diagnosis codes). We excluded patients who had
diagnosis of OAB in the year 2006. We created an index-date
as following: for the OAB group, the date of first claim related
to OAB diagnosis was the index date. For the non-OAB
group, the earliest claim date between 2007 and 2008 was the

index date.We used claims for 1-year prior to and 2 years post
index-date. The cohort selection process is depicted in
Supporting Information, appendix Figure SA1. The local
Institutional Review Board approved this study.

2.2 | Measurement strategy

2.2.1 | Key dependent variable—Falls

Falls within 2 years post index-date was the main dependent
variable in our analyses. We used diagnostic codes from
Medicare inpatient, outpatient, and provider claims to identify
falls among our OAB and non-OAB groups (Supporting
Information, appendix Table SA2).

2.2.2 | Covariates

Data on demographic characteristics, medical co-morbidity,
prior history of falls (1-year prior to index-date), and
treatment for OAB were used to adjust for our measures of
association between dependent variable (falls) and indepen-
dent variables of OAB diagnosis and OAB treatment. We
obtained data on age, race/ethnicity, sex, and geographic
area from the Medicare denominator file. Charlson co-
morbidity index was calculated using inpatient, outpatient,
and provider claims from 1-year period prior to index-
date.18 Treatments for OAB were identified as pharmaco-
logical, surgical, or both (see Supporting Information,
appendix Tables S3A, S4A, and S5A for medication list,
diagnostic codes, and procedure codes).

2.3 | Analytic strategy

We tested for the underlying differences in the demographic
and clinical characteristics of patients with and without
OAB, using standard t tests and x2 tests. We then analyzed
the association between diagnosis of OAB and falls using
unadjusted and adjusted models (adjusted for age, race/
ethnicity, sex, geographic area, prior-falls, and Charlson co-
morbidity). For the OAB group only, we studied the
association between OAB treatment and falls using three
models. Model 1 estimated the unadjusted association
between OAB treatment and falls. While assessing the
association between OAB treatment and falls, it is important
to acknowledge that treatment assignment is not random.
Therefore, for the OAB group, we used a two-stage
propensity score technique for controlling the observed
confounders. To begin with, using logistic regression, we
estimated for each patient in our OAB group, the probability
or propensity of receiving OAB treatment after accounting
for age, race/ethnicity, gender, geographic area, prior falls,
and Charlson co-morbidity score. Next, in Model 2, we
modeled the associations between OAB treatment receipt
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and falls, and weighted it by the inverse probability of
treatment obtained from the propensity score. Finally, for
our Model 3, we employed the economic technique of
instrumental variable approach to address the unmeasured
bias. An appropriate instrument is one that is associated
with the exposure (OAB treatment), but not with the
outcome (falls). It is possible that OAB treatment is offered
more frequently in certain regions, and therefore patients
from these regions may be more likely to receive treatment
for OAB. Therefore, for each hospital referral region (HRR)
in our study, we determined the proportion of OAB patients
who received OAB treatment. Next, we categorized the
HRR regions as high or low treatment regions using the
median as cutoff, and used this variable as an instrument.
Several steps were taken to evaluate the choice of
instrument, the first being strength of the instrument using
an F statistic. The F statistic of a strong instrument must be
larger than 10 (our F statistic had a value of 173). We also
used the Durbin-Wu-Hausman test of endogeneity to ensure
that instrumental variable approach was essential for our
model.

We used Statistical Analysis System (SAS), Version 9.3
(SAS Institute, Cary, NC) for analysis.

3 | RESULTS

3.1 | Sample characteristics

Total 284 625 persons with an inpatient, outpatient, or
provider claim between 2007 and 2008 met our criteria of age
(≥66 years of age) and with no diagnosis of OAB in year
2006. Of these, 33 631 had a claim for OAB diagnosis
between 2007 and 2008. Additionally, 4458 patients from the
OAB group received treatment for OAB. Supporting
Information, appendix Figure SA1 presents the details of
the cohort determination process.

Table 1 shows the comparison of non-OAB and OAB
groups. Persons with an OAB diagnosis were older compared
with those without an OAB diagnosis (mean age 77.8 years,
std = 7.6 years vs mean age 76.6 years, sd. = 7.5; P-value
<0.0001). Patients from the OAB group had higher medical
co-morbidity, compared to those without OAB (46% vs 33%).
The geographic distribution was mostly comparable between
those with and without OAB. Higher proportion from OAB
group were male, compared to the non-OAB group (43% vs
37 %; P< 0.0001). Eleven percent of the OAB group, and 7%
of the non-OAB group had falls within 2 years after index-
date (P< 0.0001).

3.2 | OAB diagnosis and risk of falls

As shown in Table 3, compared to the no-OAB group, a
diagnosis of OAB was associated with higher odds of a fall

(OR = 1.70, 95% CI = 1.64, 1.77), in the unadjusted logistic
regression model. The odds of fall reduced to 1.59 (CI = 1.53,
1.65) after adjusting for demographic variables, co-morbidity,
and history of prior falls.

3.3 | OAB diagnosis and treatment

Among the OAB group, 13.6% had received treatment for
OAB. In Table 2, we present a comparison of OAB patients
with and without treatment for OAB. Compared to the no-
treatment group, the treatment group had higher proportion of
female gender, Asian and Hispanic ethnicity, non-metro
areas, and one or more co-morbidity. Both groups had
comparable age and proportion with falls in the 2-year post
index-date period. The propensity score weighted comparison
(Table 2) indicated that except for falls, other variables were
not different between groups.

TABLE 1 Personal and clinical characteristics of Medicare fee for
service beneficiaries 66 years or older from 5% Medicare date between
2007 and 2008, by overactive bladder (OAB) status

No OAB
(n= 250 994)

OAB
(n= 33 631)

Age at diagnosis (years)a

Mean (s.d.) 76.6 (7.5) 77.8 (7.6)

Ethnicity (%)a

White 201 299 (80.2) 27 951 (83.1)

African American 21 135 (8.4) 2303 (6.7)

Asian 12 683 (5.1) 1584 (4.7)

Hispanic 7729 (3.1) 923 (2.7)

Other 8148 (3.3) 870 (2.6)

Geographic area (%)a

Metro 208 196 (83.5) 28 219 (84.0)

Urban 36 178 (14.5) 4747 (14.1)

Rural 4969 (1.9) 609 (1.8)

Charlson comorbidity index (%)a

0 169 376 (67.5) 18 166 (54.0)

1-2 66 172 (26.4) 11 879 (35.3)

≥3 15 446 (6.2) 3586 (10.7)

Gender (%)a

Male 91 759 (36.6) 14 339 (42.6)

Female 159 235 (63.4) 19 292 (57.4)

Falls (%)a

Within 2 years of
index date

17 444 (6.9) 3809 (11.3)

Treatment (%)

Treatment 4558 (13.6)

No treatment 29 073 (86.4)

aAll P-values are <0.05.
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3.4 | OAB treatment and risk of falls

In Table 3, we present the association between OAB
treatment and falls following the treatment for the OAB
group. Model 1 shows the unadjusted risk of falls associated
with OAB treatment. The odds of a fall were lower for those
with OAB treatment, compared to those without OAB
treatment (OR = 0.94, CI = 0.84, 1.04), though statistically
not significant. In Model 2 (inverse propensity score
weighted), the odds of a fall associated with OAB treatment
were significantly lower compared to those without an OAB
treatment (OR = 0.88, CI = 0.80, 0.98). Finally, the results of
instrumental variable analysis are presented in Model 4.
Compared to those without OAB treatment, the odds of a fall
were lower for those with OAB treatment (OR = 0.98,
CI = 0.97, 0.99), validating that OAB treatment had negative
association with risk of falls. Additionally, to confirm the
effects of OAB diagnosis as well as those of OAB treatment,
we analyzed the full sample by creating dummy variables for
OAB with treatment, OAB without treatment and no OAB
diagnosis (reference category). Compared to the reference
category of no OAB diagnosis, the odds of a post treatment
fall were 1.54 (CI = 1.48, 1.61) for OAB without treatment

group, and 1.31 (CI = 1.20, 1.44) for OAB with treatment
group (data not shown).

4 | DISCUSSION

Overactive bladder syndrome is the most common cause of
urinary incontinence in older adults.6,19–24 Our study aimed
at analyzing the association between this pervasive
condition and the risk of falls among older adult Medicare
fee-for-service enrollees. We observed that an OAB
diagnosis was associated with higher risk of falls, compared
to those without OAB. More importantly, our study is the
first to show that within the OAB group, the risk of falls was
lower for those who had received treatment for their OAB;
compared to those OAB patients who were did not receive
OAB treatment. Our estimates of association were statisti-
cally adjusted for demographic characteristics, history of
prior falls, Charlson co-morbidity score, the propensity of
receiving treatment, and finally, for instrumental variable to
correct unmeasured bias. We believe our study results have
important implications for clinical care, research, and policy
related to OAB care.

TABLE 2 Comparison of baseline characteristics before and after propensity score weighting for overactive bladder (OAB) cohort

Unadjusted Weighted

No treatment
(n= 29 073)

Treated
(n= 4558) P-value

No treatment
(n= 28 225)

Treated
(n= 5406) P-value

Age at diagnosis (years)

Years, mean (s.d.) 77.6 (7.6) 78.4 (7.6) <0.0001 77.8 (7.8) 77.9 (7.8) 0.2155

Ethnicity (%)

White 24 330 (83.7) 3621 (79.4) <0.0001 23 730 (83.2) 4207 (83.6) 0.9513

African American 1958 (6.7) 345 (7.8) 1952 (6.8) 3738 (6.7)

Asian 1310 (4.5) 274 (6.0) 1343 (4.7) 232 (4.7)

Hispanic 723 (2.5) 200 (4.4) 778 (2.7) 128 (2.7)

Other 752 (2.6) 118 (2.6) 736 (2.6) 121 (2.4)

Geographic area (%)

Metro 24 529 (84.5) 3690 (81.1) <0.0001 23 988 (84.1) 4256 (84.5) 0.6531

Urban 3986 (13.7) 763 (16.8) 4034 (14.1) 685 (13.6)

Rural 509 (1.8) 10 (2.2) 518 (1.8) 97 (1.9)

Charlson comorbidity index (%)

0 15 920 (54.8) 2246 (49.3) <0.0001 15 412 (54.0) 2699 (53.6) 0.3119

1-2 10 118 (34.8) 1761 (38.6) 10 078 (35.3) 1763 (35.0)

≥3 3035 (10.4) 551 (12.1) 3049 (10.7) 574 (11.4)

Gender (%)

Male 13 389 (46.1) 950 (20.8) <0.0001 12 166 (42.6) 2150 (42.7) 0.9372

Female 15 684 (53.9) 3608 (79.2) 16 374 (57.4) 2887 (57.3)

Falls (%)

Within 2 years of
treatment

2975 (10.2) 439 (9.6) 0.2113 2980 (10.4) 472 (9.4) 0.0223
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We present certain limitations of the study. Our sample
consisted of men and women aged 66 years and older, and not
enrolled in an HMO. Administrative data has become an
important source of information for public health and health
services research, but are subject to error. Studies employing
medical records as a validation criterion for administrative
data show generally good agreement for medical conditions
and for procedures.25 In our study, we did not account for
intensity, duration, and adherence to OAB treatment.
Additionally, we did not account for behavioral therapies
for OAB in our analysis. The threshold for OAB diagnosis
may vary from physician to physician, but studies of the use of
claims data for OABhave shown generally good agreement.12

Nevertheless, OAB may be a challenge to diagnose in older
adults and physicians vary widely in recognition of and in
inclination to codeOAB. It is possible for patients withmilder
forms of OAB to be misclassified into non-OAB group,
leading to conservative estimates of association between
OAB diagnosis and falls. Finally, measures of cognition and
functional capacity were not available, however, adjusting for
comorbidity index, and prior falls may have accounted for it
to certain extent.

Despite these limitations, our study draws attention to a
largely silent problem of OAB and its association with falls
among older adults. Important strengths of this study are as
following. First, we have demonstrated the association

between diagnosis of OAB and falls in a large sample of
fee-for-service Medicare beneficiaries. Second, we demon-
strated that treatment of OAB was associated with lower falls
amongMedicare beneficiaries. Third, potential measured and
unmeasured bias were minimized using propensity score and
instrumental variable approaches. Urinary incontinence has
significant impact on the quality of life for many frail
community-dwelling adults.6,14,21,22 The majority of adults
over 65-years-old experience some sort of inconti-
nence.20,21,26 Urinary incontinence is estimated to affect
13-53% of the homebound older adult population.23 This
condition in the older population is humiliating, disabling,
stressful, depressing, and limiting.3,5,11 As a result, only an
estimated 1.4-2.9% of older adult people with OAB receive
medical treatment for the condition.5,9,21 The prevalence of
Medicare beneficiaries over 65-years-old with an OAB
diagnosis is estimated to range between 8.8% (for the base
definition) to 13.6% (for the sensitivity definition).12

Falls are a major concern for the older adult popula-
tion.8,13,15,27,28 Approximately one-third of community-
dwellers over the age of 65-years-old fall at least once
annually.10 Falls cause 90% of hip fractures and are the fifth
leading cause of death among the older adult population.
Legislation such as the Deficit Reduction Act of 2005 and the
Fiscal Year 2009 Inpatient Prospective Payment System Final
Rule, has even felt it necessary to attempt to provide financial
incentives to hospitals to reduce falls.13 The most cited risk
factor for falling among the Medicare population is prior fall
history.9,22–24,27,28 Older patients with OAB reduce their gait
speed and stride length, however, their gait variability is
increased, reducing their walking stability overall and
increasing their risk of falls.8,10

Existing research indicates association between uri-
nary incontinence/OAB and an increased risk of falls
among older adult. Research indicates that urinary
incontinence and nocturia have been associated with falls
in the older adult.8,10–13,22–24,27–29 Overactive bladder has
also been associated with falls in the older adults.8,22 For
example, a recent study of frail older adults found that
27% of falls occurred at night and 54% of those falls were
related to visits to the bathroom.23 Despite the existing
literature, this relationship requires further comprehensive
research.

5 | CONCLUSIONS

Thewidespread under diagnosis and under treatment for OAB
has many implications for morbidity and quality of life of
Medicare older adults. As rates of OAB symptoms appear to
increase with advancing age, several factors may complicate
diagnosis and treatment of OAB.5,6,8–10 Although, OAB may
not contribute as much to mortality among older patients as

TABLE 3 Association between overactive bladder (OAB) and falls;
and treatment for overactive bladder (OAB) and falls

Odds
ratio

95%
confidence
intervals

Association between OAB diagnosis and Falls (full sample)a

Model 1: Unadjusted

1.70 1.64-1.77

Model 2: Adjusting for clinical and
demographic covariates

1.59 1.53-1.65

Association between treatment for OAB and Falls (sub-sample:
OAB group only)b

Model 1: Unadjusted

0.94 0.84-1.04

Model 2: Propensity score adjusted

0.88 0.80-0.98

Model 3: Instrumental variable
adjusted

0.98 0.97-0.99

aOdds ratios represent the comparison of OAB patients versus those without OAB
(reference category).
bOdds ratios represent the comparison of OABpatients with treatment versusOAB
patients without treatment (reference category).
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cardiovascular disease or diabetes, OAB is associated with
impaired functional status, health related quality of life and
depression. We conclude that an OAB diagnosis is associated
with higher risk of falls and treatment for OAB may be
associated with reducing the risk of falls amongMedicare fee-
for service older adults. Complexity of falls etiology,
particularly in frail older adults, requires detailed analysis
to determine the contribution of several variables including
cognitive function. We observed that even after adjusting for
prior falls and comorbidity, treatment for OAB was
associated with lower risk of falls. Thus, further research
can focus on the development of a comprehensive theoretical
model to determine the exact path of association between
cognitive function, falls and OAB among older adults.

Preventive education, early diagnosis, and early treatment
may help in lowering the risk of falls and thus improve the
quality of life and morbidity among older adults with OAB.
Although most of the older adult patients may not develop
clinically significant OAB, additional research on identifica-
tion of OAB and effective interventions is needed to alleviate
the burden of OAB among Medicare beneficiaries, their
families, and society.
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Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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