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Abstract The incidence of both frailty and lower urinary tract
symptoms, including urinary incontinence, overactive blad-
der, underactive bladder, and benign prostatic hyperplasia,
increases with age. However, our understanding of the rela-
tionship between frailty and lower urinary tract symptoms,
both in terms of pathophysiology and in terms of the evalua-
tion and management of such symptoms, is greatly lacking.
This brief review will summarize definitions and measure-
ment tools associated with frailty and will also review the
existing state of the literature on frailty and lower urinary tract
symptoms in older individuals.
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Introduction

Almost half (46%) of all urologic visits and 62% of all uro-
logic procedures are performed in older adults [1]. These num-
bers will rise dramatically with the rapidly growing older pop-
ulation, which is projected to increase at least 20% by the year
2030 [2]. Among the most common urologic conditions in the
older population are lower urinary tract symptoms, which also
increase with increasing age.

A particular subset of older individuals has added vulnera-
bilities such as pre-existing illness, poor functional status,

polypharmacy, cognitive deficits, and limited social support,
placing them at particular risk for frailty and associated ad-
verse events. While both lower urinary tract symptoms and
frailty are common among the older population, the literature
is limited in its characterization of these individuals and in
their response to various treatments.

Herein, we will review the concept of frailty and the current
state of the literature at the intersection of frailty and lower
urinary tract symptoms including urinary incontinence, over-
active bladder, underactive bladder, and benign prostatic
hyperplasia.

Frailty; Definition and Measurement

Frailty is a state of vulnerability that has been conceptualized
as a biologic syndrome of decreased reserve or resistance to
stressors, resulting in adverse outcomes such as disability,
institutionalization, and mortality. Frailty is considered to be
potentially reversible and therefore, a target for care strategies
to improve outcomes. Depending on the measurement used,
frailty exists in anywhere from 36 to 88% of older individuals
[3]. A single operational definition of frailty, however, has yet
to be defined, and definitions typically follow two main con-
ceptualizations: the frailty phenotype and the accumulation of
deficits model.

Fried et al. developed the frailty phenotype using data from
the Cardiovascular Health Study. They looked at 5317 men
and women ages 65 and older and followed them for up to
7 years. They conceptualized frailty as distinct from disability,
comorbidity, and old age and as more of a biologic syndrome
spanning across multiple physiologic systems causing vulner-
ability and adverse outcomes. Their model incorporates age-
associated declines in lean body mass, strength, endurance,
balance, walking performance, and low activity, where
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multiple components must be present to define frailty. They
further proposed a theoretical cycle of frailty associated with
declining energetics and reserve.

They then operationalized this theoretical cycle into five
criteria: (1) slow walking speed, (2) weakness (defined as
impaired grip strength), (3) low physical activity, (4) self-
reported exhaustion, and (5) unintended weight loss (10 lbs
in the past year). Individuals with deficits in three or more
categories are defined as “frail”, those with deficits in one or
two categories are defined as “pre-frail”, and those with no
deficits as “robust”. This frailty phenotype is independently
predictive of incident falls, worsening mobility, or declines in
activities of daily living (ADLs), hospitalization and death
over 3 years. Intermediate frailty is associated with intermedi-
ate risk of these outcomes and an increased risk of becoming
frail over a time period of 3–4 years [4].

The deficit accumulation model of frailty, on the other
hand, was popularized by Rockwood et al. and suggests that
frailty is represented by discrete failures of redundant physio-
logic systems. In this model, the more deficits that occur, the
more likely it is that adverse outcomes will result.
Rockwood’s original model was based on data from the
Canadian Study of Health and Aging and includes 96 items
comprised of symptoms, signs, functional impairments, and
laboratory abnormalities that make up a frailty index [5].

Neither the frailty phenotype nor the deficit accumulation
model is all inclusive or ideal for the clinical setting. The
frailty phenotype omits items on cognition or mood and is
not practical to use in a busy clinical setting [6]. The deficit
accumulation model lends itself for use in large databases,
such as the American College of Surgeons National Surgical
Quality Improvement Project (ACS-NSQIP), [7] making it
helpful for research and public health and policy purposes,
but also impractical in the clinical setting.

In order to address the need for a usable frailty model in the
clinical setting, Robinson et al. developed a frailty assessment
specifically for older individuals undergoing surgery. This in-
cludes the following measures: (1) Mini-Cog Test (cognition),
albumin, having fallen in the past 6 months, hematocrit, Katz
score (function), and Charlson index (comorbidity). These
criteriawere applied to 100 individuals (average age 74) under-
going major operations requiring postoperative intensive care
unit admission. Using logistic regression analysis, the authors
found that the presence of any functional dependence was the
strongest predictor of 6-month mortality and that the presence
of four or more of the measured deficits had high sensitivity
(81%) and specificity (86%) for 6-monthmortality [8].

In a subsequent study looking at 201 patients ages 65 and
older undergoing elective colorectal or cardiac surgery,
Robinson et al. evaluated seven baseline frailty traits and their
relationship to postoperative complications. These traits in-
cluded the following: (1) Katz score ≤ 5, (2) Timed Up and
Go Test ≥ 15 s, (3) Charlson index ≥ 3, (4) Mini-Cog

Score ≤ 3, (5) anemia < 35%, (6) albumin < 3.4 g/dL, and
(7) one or more falls within 6 months. The presence of four or
more traits classified an individual as “frail”. The authors
found that preoperative frailty was associated with increased
postoperative complication rates after both colorectal (58%)
and cardiac (56%) operations that was independent of advanc-
ing age. Frail individuals also had longer hospital stays and
higher 30-day readmission rates [9]. Next, the authors isolated
the Timed Up and Go Test and found that individuals with
slower Timed Up and Go Test speeds were associated with
increased postoperative complications and increased 1-year
mortality, suggesting that this test may be a single parsimoni-
ous measure that can be easily executed in the clinical setting
as opposed to the more complex risk calculators previously
described [10].

Lower Urinary Tract Symptoms

The study of frailty among older individuals with lower uri-
nary tract symptoms (LUTS) is in its infancy. Unfortunately,
frail older individuals are often poorly represented in research
studies, especially in those that include pharmacotherapy and
invasive interventions. In part, this is because frail individuals
often suffer frommultiple impairments, such as poor mobility,
cognitive impairment, and renal failure, in addition to multiple
comorbidities such as heart failure and polypharmacy, [11]
making their involvement in studies complicated for re-
searchers and for patients alike. Herein, we will discuss what
is known about frailty and certain LUTS including urinary
incontinence, overactive bladder, underactive bladder, and be-
nign prostatic hyperplasia (BPH).

Urinary Incontinence

Urinary incontinence occurs in 30–40% of individuals over
the age of 65 [12, 13] and in up to 60–70% of individuals
residing in long-term care facilities. Incontinence is so com-
mon among the older population that it is considered to be a
geriatric syndrome alongside frailty, delirium, falls, dizziness,
syncope, gait abnormalities, sleep disorders, and pressure ul-
cers [14]. Additionally, incontinence has been shown to be
associated with a twofold increased risk of impairment of both
personal and instrumental activities of daily living, suggesting
that it may represent an early marker of frailty [15•].

Nursing home residents by definition exhibit a frailty phe-
notype and represent a good cohort for the study of frailty. One
study found an increased risk of newly recognized urinary in-
continence among nursing home residents following a diagno-
sis of several other disease conditions including Parkinson’s
disease, stroke, depression, and congestive heart failure. They
further documented a significantly increased risk of
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hospitalization and nursing home admissions among women
andmenwithurinary incontinence, independentofage,gender,
and multiple comorbid conditions, with a 30 and 50% higher
riskofhospitalization and2.0 and3.2 timeshigher adjusted risk
of admission to a nursing facility, respectively [16].

Urinary continence in the frail older population is multifac-
torial and is not just reliant on the genitourinary tract. For
example, continence in this population depends on sufficient
cognition to recognize and interpret the desire to void and to
locate and reach a restroom in adequate time to avoid leakage
of urine [17]. Furthermore, interventions in the frail older
population often involve behavioral strategies such as
prompted voiding, habit retraining, timed voiding, and com-
bined toileting and exercise therapy [15•]. One systematic
review of conservative treatment of urinary incontinence in
the frail older population found that pelvic muscle exercise,
physical training in combination with ADLs, prompted
voiding and attention training, and help to toilet are important
treatment strategies, albeit, with limited evidence due to the
lack of high-quality studies [18].

Resnick found that 40% of institutionalized older individ-
uals were chronically incontinent of urine. He performed de-
tailed urodynamic studies on 94 of these individuals and
found that detrusor overactivity was the leading cause of in-
continence (61%), with half of these individuals having con-
comitant impaired detrusor contractility. Other causes of in-
continence among women were stress urinary incontinence
(21%), detrusor underactivity (8%), and outlet obstruction
(4%). Among men, the leading cause of incontinence was
outlet obstruction (29%). Overall, at least 35% of men and
women had more than one cause for their incontinence, sug-
gesting that the etiology of urinary incontinence in the frail
older population is complex [19].

Overactive Bladder

There are several age-related changes that predispose an indi-
vidual to overactive bladder, or the symptom complex of uri-
nary urgency, usually with frequency and nocturia, in the ab-
sence of the pathology such as infection or stones [20].
Among these changes are an age-related decrease in the neural
control of continence and changes to the bladder itself. From a
neural standpoint, functional magnetic resonance imaging
(fMRI) studies indicate a decrease in the neural control of
continence represented in the insula, anterior cingulate cortex,
and prefrontal cortex. There is also a heightened activation of
the anterior cingulate cortex with low bladder volumes,
representing an increase in bladder sensitivity or perceived
sense of urgency. From a bladder standpoint, there are docu-
mented changes in the urothelium, neurotransmitters and re-
ceptors, and inflammation that are associated with overactive
bladder [21].

Among individuals ages 65 and older presenting to an
outpatient benign urology practice, men and women with
a diagnosis of overactive bladder were significantly more
frail, defined by the Timed Up and Go Test, compared
to individuals with other non-oncologic urologic diagno-
ses. On average, individuals with an overactive bladder
diagnosis had a mean Timed Up and Go Test time of
13.7 ± 7.9 s compared to 10.9 ± 5.2 s among those with
other non-oncologic urologic diagnoses (p < 0.0001).
Interestingly, in regression analysis, frailty, when adjust-
ed for age, race, sex, and number of medications, was a
statistically significant predictor of overactive bladder
(OR 3.0, 95% CI 2.0–4.8), while age, adjusted for frail-
ty, race, sex, and number of medications, was not. These
are the first data to help distinguish the effects of frailty
from age among individuals with overactive bladder, and
they underscore the importance of frailty among this
population [22].

Data on treatments for overactive bladder among the
frail older population are limited, as this population is
often excluded from research trials. One systematic re-
view [23•] found that oxybutynin was the only drug stud-
ied in the frail population [24–26]. All of these studies
evaluated the use of oxybutynin versus placebo among
nursing home residents and all found a lack of clinical
effectiveness of oxybutynin compared to placebo with
no differences in adverse events between the two.

More recently, a randomized placebo control trial looked at
the efficacy of fesoterodine in vulnerable older men and wom-
en. They randomized 562 community dwelling individuals
with high rates of comorbidity, polypharmacy, and functional
impairment to fesoterodine versus placebo. The treatment
group had significantly greater improvement at 12 weeks in
urgency urinary incontinence episodes per 24 h (−2.84 versus
−2.20, p = 0.002) and adverse events were similar to those
typically seen in younger individuals [27•]. Of note, β3-
adrenoceptor agonists have not been specifically studied spe-
cifically in older or frail older individuals [28].

In order to avoid systemic side effects of pharmacotherapy,
third line treatments for overactive bladder such as
onabotulinumtoxinA and sacral neuromodulation offer
alterative treatment options. One study evaluated the use of
100 units of onabotulinumtoxinA in 166 patients with
urodynamic evidence of detrusor overactivity who were med-
ication refractory. They defined frailty in individuals who met
at least three of the following criteria: unintentional weight
loss, self-reported exhaustion, slow walking speed, weakness,
and/or low physical activity. In total, they evaluated the use of
onabotulinumtoxinA in 61 frail older individuals, 63 non-frail
older individuals, and 42 individuals younger than age 65.
While success rates were similar between the three groups at
3 and 6 months after treatment, the success rates at 12 months
after treatment were significantly lower in the frail older group
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compared to the other groups (6.82% compared to 22.3 and
23.1%, in the non-frail older and younger groups, respective-
ly), and the cumulative success rate was significantly lower in
the frail older group than in the other two groups (p = 0.009).
Frail older individuals had significantly higher rates of elevat-
ed post void residuals (defined as >150 ml) compared to the
other groups (60.7% compared to 39.7 and 35.7% in non-frail
older and younger individuals, respectively; p = 0.018) and
urinary retention developed in 11.5% of frail older individuals
compared to 6.3 and 2.4% of non-frail older and younger
individuals (p = 0.203) [29]. Of note, the use of sacral
neuromodulation has not been evaluated specifically in the
frail older population.

Underactive Bladder

The study of underactive bladder is still in its early stages, and
no direct correlations have been made to frailty; however,
there is reason to believe that a relationship may exist.
Underactive bladder syndrome is defined by the
International Continence Society as the “perception of
detrusor underactivity, characterized by symptoms of
prolonged voiding, hesitancy, slow and/or intermittent stream,
and/or sensation of incomplete emptying” [30]. While the
etiology of underactive bladder is still an enigma, it is postu-
lated that it may represent chronic untreated or treatment re-
fractory overactive bladder (due to neurological disease such
as diabetes), bladder outlet obstruction, sarcopenia, aging, and
frailty. It has been further hypothesized that untreated or se-
vere overactive bladder progresses to detrusor hyperreflexia
with impaired contractility (DHIC) and then into overactive
bladder [31•]. Furthermore, it would be reasonable to posit
that since frailty is associated with overactive bladder and
since overactive bladder may lead to or be related to underac-
tive bladder, that frailty and underactive bladder are indeed
linked.

Benign Prostatic Hyperplasia

Benign prostatic hyperplasia (BPH) is common among older
individuals.Approximately 21%ofmenages70andolder expe-
rience nocturia, 22% experience incomplete bladder emptying,
and 57%experience aweakurinary stream [32]. The sequelae of
BPH can greatly affect quality of life and may include acute
urinary retention, urinary tract infections, bladder stone forma-
tion, gross hematuria, and even renal failure in extreme cases.

While there is no known documented direct link between
frailty and BPH, physicians should proceed with caution and
consider frailty when recommending treatment strategies. For
example, the use of alpha-blockers as medical therapy should
be prescribed with great caution due to the potential for

orthostatic hypotension related to this medication.
Procedures to treat BPH should also be undertaken with con-
siderable care and thought in the frail older population.

Using data from ACS-NSQIP, frailty was shown to be
associated with a statistically significant increased log
odds of complications [33] and of discharge to a skilled
or assisted living facility [34] among individuals under-
going transurethral resection of the prostate (TURP) after
adjustment for multiple factors including year, age, race,
type of anesthesia, smoking status, and recent weight
loss. Collectively, these findings speak to the importance
of preoperative counseling and thoughtful and informed
decision-making among frail older men contemplating
TURP.

Another study analyzing 2869 nursing home residents un-
dergoing TURP found that procedure failure, measured as the
presence of a Foley catheter 1 year after surgery was associ-
ated with poor baseline functional status (RR 1.34, 95% CI
1.18–1.52), decline in ADLs in the 6 months prior to surgery
(RR 1.10, 95% CI 1.02–1.19), having 1–2 hospitalizations in
the year prior to surgery (RR 1.26, 95% CI 1.09–1.46), and
having a Foley catheter at baseline (RR 1.39, 95% CI 1.29–
1.50). An overwhelming majority (94%) of men who had a
Foley at baseline and were alive 1 year later continued to have
a Foley catheter, making this an unhelpful and unnecessary
procedure in this population [35].

Conclusion

Consideration and evaluation of frailty are extremely important
components to caring for the growing number of older individ-
ualswith lowerurinary tract symptoms.While the studyof frailty
in relationship to specific lower urinary tract symptoms is in its
infancy, there is a growing body of literature to begin to unravel
the complexities associatedwith caring for frail older individuals
with urinary incontinence, overactive bladder, underactive blad-
der, and benign prostatic hyperplasia. Further research is needed
to both improve our understanding and our treatment strategies
for this particularly vulnerable and at-risk population.
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