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INTRODUCTION

Urinary incontinence (UI) in older women is 
heterogenous and common, negatively impacting up to 
60% of US women [1,2]. Some older women have UI the 
well characterized pelvic floor condition featuring UI 
symptoms with stress or urgency provocation that is highly 
responsive to evidenced-based treatment algorithms. 
However, among older women there is a subset of women 
with severe mixed UI stress and urgency symptoms that 
are refractory to standard UI therapies. This phenotype 
is often present concomitant with geriatric impairments 
in cognition, mobility, vision, or hearing, thus defining 

it as a geriatric syndrome [2,3]. Geriatric syndromes are 
pre-frail, heterogeneous clinical conditions, defined by 
their shared risk factors of older age and impairments 
in physical function, cognition, and mobility [4-6]. When 
present concomitantly, these geriatric impairments 
have an accumulated impact that increases frailty risk 
in older adults [7]. Urinary incontinence is a known 
geriatric syndrome in older adults but is understudied 
in comparision to other geriatric syndromes of falls and 
dementia. 

We have previously characterized the geriatric 
incontinence syndrome (geriatric UI) as a condition that 

Abstract

Nephrolithiasis is a highly prevalent disease worldwide with a high level of acute and chronic morbidity. First-line treatment is typically analgesia with 
non-steroid anti-inflammatory drugs until the stone passes; otherwise urological intervention may be necessary. Certain medications such as alpha blockers and 
non-steroidal anti-inflammatory drugs, corticosteroids, or anti-spasmodics are sometimes used to create passage of stones in order to avoid further urologic 
intervention or hospitalization. However, the study results have limited their use and meanwhile major adverse events defined as orthostatic hypotension, 
collapse, syncope, palpitations, or tachycardia have been reported. At the present global circumstances, the SARS-CoV-2 pandemic (COVID-19) has caused 
widespread disruption of routine surgical care and forced every surgeon to make triage decisions requiring greater ethical and community health consideration. 
It is necessary to balance the surgical risks and benefits and the medical risks of any perceived delay in treatment, and potential exposure of health care 
workers and/or patients to the deadly virus.

Hence, to reduce the incidence of renal lithiasis, an important number of etiologic factors can be adequately modified through diet. It is possible to treat 
kidney stones (nephrolithiasis and urolithiasis) successfully and out patiently, by avoiding the required surgery or invasive method of treatment.
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develops in some older women who have concomitant 
onset of UI with geriatric impairments in physical 
function [8]. Detecting the presence of geriatric UI is 
clinically important because when older women seek 
care for bothersome UI symptoms they have higher risk 
of morbidity and lower treatment efficacy with standard 
procedure based UI treatments [9,10]. Thus far, studies 
have only investigated chronologic age as a predictor 
for adverse events after UI treatments. However, it is 
more plausible that the undetected presence of this 
geriatric UI phenotype in older women may explain these 
observations. Our previous work demonstrates that the 
presence of geriatric impairments in mobility and physical 
performance and more severe UI symptoms is associated 
with less change in UI symptoms after non-surgical UI 
treatments [11]. Cumulatively, these data suggest that 
greater precision in identifying geriatric UI among older 
women seeking care for UI treatment is needed to inform 
evidenced-based treatment algorithms. To meet this goal, 
reliable mechanisms in identifying geriatric UI in clinical 
practice is needed. 

Geriatric syndromes have been clinically defined 
using different mechanisms to include the deficit 
accumulation model previously applied to characterize 
clinical frailty [12]. From our previous work identified UI 
severity of greater than or equal to 2 UI episodes/day as 
a significant predictor of poor physical function, slower 
gait speed, and chair stand pace [13]. Building upon the 
deficit accumulation model, we hypothesized that it is 
not the single presence of one geriatric impairment but 
the culminative impact of multiple geriatric impairments 
present concomitantly with UI severity, that will be key 
clinical features of the geriatric incontinence syndrome. 
In this analysis, we applied a statistical model to test this 
hypothesis to establish preliminary diagnostic criteria of 
the geriatric incontinence syndrome. 

MATERIALS AND METHODS 

Study Design

We report a cross-sectional analysis of a prospective 
cohort study of community-dwelling women older than 
70 years with moderate-to-severe UI symptoms [11]. The 
inclusion, exclusion, and enrollment criteria have been 
previously reported [11]. Briefly, we included women 
with a UI diagnosis confirmed by the Questionnaire for 
Urinary Incontinence Diagnosis (QUID) [14] who desired 
non-surgical treatment for their UI symptoms and were in 
agreement to undergo a 12 week program of structured 
behavioral therapy to include pelvic floor muscle training. 
Participants were not currently taking any medication 

for overactive bladder symptoms and had not had anti-
incontinence surgery within 12 months of enrollment. 

Measures of Urinary Incontinence: At baseline, a 
3-day bladder diary established daily voiding frequency, 
UI episodes and type [15]. The mean total UI episodes were 
determined by the total number of stress and/or urgency 
UI episodes over a 24-hour period and averaged from the 
3-day bladder diary.Using previously established severity 
criteria [3], severe UI was defined by ≥ 2 UI episodes/day 
and moderate UI defined as < 2 UI episodes/day. 

Measures of Health and Impairment: To assess 
physical function and disability, a combination of 
objective physical performance tests and self-reported 
measures used have been previously described [4,5]. The 
Short Physical Performance Battery (SPPB) was used to 
determine lower extremity physical function [16,17]. The 
Pepper Assessment Tool for Disability (PAT-D) measured 
self-reported changes in disability in activities of daily 
living, mobility, and instrumental activities of daily living. 
The Mobility Assessment Tool-short form (MAT-sf) 
assessed functional performance minimizing bias from 
factors such as age, gender, and body image [18,19].

Frailty syndrome is a consequence of geriatric 
impairments such as urinary incontinence.It is important 
to note that the presence of geriatric impairments does 
not indicate the presence of frailty.Therefore frailty 
risk and sarcopenia were determined using validated 
questionnaires and physical function measures: 1) two-
questions from the Center for Epidemiologic Studies 
Depression (CES-D) scale to self-report exhaustion and 
poor endurance/energy as components of the frailty 
phenotype [20]; 2) the “SARC-F”(a questionnaire based 
assessment of Strength, Assistance with walking, Rising 
from a chair, Climbing stairs, and Falls) [21]; and 3) grip-
strength and gait speed to objectively determine presence 
of weakness [22].Cognitive function was assessed using 
the Montreal Cognitive Assessment (MoCA) [23].

Defining clinical deficits: Using a previously defined 
deficit accumulation model of frailty [24], we hypothesized 
that the geriatric UI phenotype would be characterized 
by the combined presence of multiple evidenced-based 
and targeted geriatric impairments and more severe UI 
symptoms in older women. The clinical geriatric deficits 
integrated in the model were identified based on the 
following criteria: 1) the presence of statistical significance 
in associations with UI incidence and/or severity in a 
prior study [25]; and 2) clinical assessment is relatively 
feasible to integrate into the clinical setting. We identified 
9 geriatric impairments (Table 1). 
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Objective measurements of physical function 
impairment that have been significantly associated with UI 
among older women include standing balance, chair stand 
pace, and gait speed [13]. Standing balance is associated 
with incident UI in previously continent women older than 
70 years (8). A score ≤3 on the SPPB captures persons 
who cannot do semi-tandem stand and some who cannot 
do full tandem standing; thus we used this cut-point [27]. 
From our original analysis, the mean chair stand pace in 
this cohort of women was 14.4 seconds which correlates 
to SPPB sub-scale cut-point of ≤2 [27]. Older women with 
severe UI symptoms had a mean gait speed of 0.8 meter/
second; thus, we use a gait speed <1.0 meter/second as the 
deficit marker for gait speed [25]. 

To assess for disability in mobility and activities of 
daily living, a MAT-sf score <50 [29] and a PAT-D score 
≥1.9 were used as cut-offs [28]. These are standard cut-
offs for these validated measures, respectively. We have 
previously reported on the association of sarcopenia 
with UI incidence in older women [11]. SARC-F score >4 
was used because it is a feasible and reliable clinical tool 
to screen for sarcopenia [30]. Grip strength is a strong 
marker of muscle weakness associated with poor physical 
performance and mobility disability [31]. Weakness is a 
key element of frailty and sarcopenia [22]. We aimed to 

identify women with ‘intermediate weakness’ and thus 
applied a cut-point of <21 kg that has been associated with 
slower gait speed <0.8 meter/second [32]. Answering 
‘yes’ to the presence of fatigue or exhaustion was applied 
as this has been previously associated with UI and frailty 
[33]. Mild cognitive impairment as defined by the MoCA 
score of <26 has not been directly associated with UI 
severity. However, cognitive impairment was included as 
an important geriatric impairment because it may impact 
treatment efficacy [34]. 

Statistical Methods

The deficit accumulation model was developed to 
define biologic age that accounts for the presence of 
geriatric impairments separate from chronological age 
[24]. Using a similar construct we developed our deficit 
accumulation model as a simple count of deficits used to 
create a preliminary diagnostic index defined by the ratio 
of the total number of deficits present in each individual to 
the total number of deficits available in the database [35]. 
For this analysis, we did not use counts of unrelated deficits 
because of small sample size and exploratory nature of the 
model. Thus, we included only the 9 geriatric impairments 
with strong independent associations with UI in older 
women that were counted and weighted equally because 
there is not data to suggest otherwise. We then stratified 
women based on UI severity as this is a clinical feature 
strongly associated with severity of geriatric physical 
function impairments. To visually identify any thresholds, 
a count of geriatric impairments was determined for each 
individual participant and then summarized by groups 
based on baseline UI severity.

To describe demographic and clinical characteristics, 
means and standard deviations represent continuous 
variables and frequencies and percentages represent 
categorical variables. Continuous and categorical clinical 
variables and counts of geriatric deficits of the cohort by 
UI severity were compared with t-tests and chi-square 
tests, respectively. The Receiver Operating Characteristic 
(ROC) area under the curve analysis was examined to 
determine the cut-point with maximized sensitivity 
and specificity of agreement with the gold-standard UI 
severity determined from diary data. The best cut-point 
was ≥ 4 deficits compared to < 4 deficits. Associations 
between UI severity and geriatric impairment counts were 
analyzed using categories of ≥ 4 deficits versus < 4. The 
sensitivity and specificity of a binary cut-point was low; 
therefore, the frequency of geriatric impairments present 
was categorized into three groups based on observed 
breaks in the distribution of the count data: 0-3 deficits, 
4-6 deficits, and 7+ deficits. Next, the association between 

Table 1: Geriatric impairments targeted to characterize the geriatric incontinence 
syndrome phenotype. 

Outcome measure Criteria Percentage of subjects with 
impairment

Physical Function Impairment

Standing balance 
Short Physical 

Performance Battery 
(SPPB)

ir stand pace

SPPB Balance subscale 
score ≤3 [13-27] 15%

SPPB Chair stand pace 
subscale score ≤2 [26] 45%

Gait speed <1 m/s[25] 80%

Disability
Pepper Assessment 
Tool for Disability 

(PAT-D)

PAT-D ≥ 1.9 [28] 29%

Mobility Assessment 
Tool, short form  

(MAT-SF)
MAT-SF < 50 [29] 20%

Sarcopenia/Frailty risk
SARC-F questionnaire Total score ≥ 4 [30] 20%

Grip strength Grip strength <21 kg 
[31,32] 74%

CES-D questionnaire

 ≥some of the time to 
difficulty with getting 

going
≥some of the time to 

everything was an 
effort [33]

49% 
 

34%

Cognitive Impairment 
Modified Cognitive 

Assessment MOCA <26 [34] 63%
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deficit groupings and UI severity was assessed using the 
chi-square test of general association. 

Findings

Eighty women completed in-person screening; nine of 
these were screen fails, yielding 71 enrolled. Ten women 
did not return their baseline bladder diary and were 
consequently excluded, leaving 61 women in this analysis. 
The mean ± SD age was 77.3 ± 5.9 years. Women with 
more severe UI were predominant (69%). Other pertinent 
demographic and clinical characteristics of the cohort have 
been previously published, but there were no significant 
differences based on UI severity [13] (Table 2).

When we examined the targeted geriatric impairments 
individually, we observed that chair stand pace and gait 
speed were significantly slower among women with 
severe UI compared to women with moderate UI (Table 
2). Women with severe UI symptoms also had significantly 
lower MAT-SF scores indicating greater disability with 
mobility and significantly higher PAT-D scores that 
indicated greater disability with activities of daily living 
(Table 2). There were no significant statistical differences 
in the presence of mild cognitive impairment, frailty, 
or sarcopenia risk based on the MoCA, SARC-F, and grip 
strength respectively between groups based on UI severity 
(Table 2).

When examined based on UI severity (moderate UI vs 
severe UI), the count of cognitive, physical function, and 
strength related geriatric impairments were significantly 
higher among women with severe UI symptoms compared 
to those with moderate UI (p = 0.02). The simple count of 
geriatric impairments present is presented in Figure 1(A); 
the distribution pattern of geriatric impairment count was 
similar between groups based on UI severity. However, 
higher percentages of participants with severe UI had 
higher counts of geriatric impairments [Figure 1(B)]. 
When categories were made based on the distributions, 
severe UI symptoms trended towards having greater 
numbers of geriatric impairments, p=0.11, Figure 1(B). 
Sixty-two percent of participants were found to have 4 or 
more geriatric impairments concomitantly. However, the 
sensitivity of this threshold was regarding predicting UI 
severity was low, 0.42, 95% CI (0.20, 0.64). 

DISCUSSION

In this cohort of women older than 70 years seeking 
treatment for UI symptoms, incontinence severity of ≥2 
UI episodes/day was significantly associated with the co-
occurrence of multiple geriatric impairments present in the 
same individual. This observation confirms our hypothesis 
that the deficit accumulation model may accurately 
characterize the nature of the geriatric incontinence 
syndrome featuring more severe UI symptoms associated 
with the likely concomitant presence of more than 
one geriatric impairments. Equipped with this novel 
observation, geriatric incontinence researchers have 
a preliminary evidenced based conceptual framework 
to build upon to further the research into the clinical 
characteristics and diagnostic criteria for the geriatric 
incontinence syndrome. Our study is limited in our sample 
size thus these data require validation in larger population-
based studies to establish a clinical definition through 
testing its ability to discriminate the geriatric incontinence 
syndrome and its impact on outcomes in clinic practice. 

Geriatric syndromes are multi-factorial in etiology and 
mechanistically explained by a cumulative effect of shared 
risk factors for frailty. The presence of a geriatric syndrome 
is clinically important to detect because when their shared 
risk factors are present concomitantly worsened clinical 
outcomes are observed to include increased incidence of 
frailty, institutionalization, impairments in daily living, and 
death [4,5]. The cumulative deficit model was designed for 
use in the clinical setting to determine frailty risk. Thus, 
our hypothesis that this model may be the best mechanism 
to clinically define the GIS is logical and confirmed by our 
observation of a close association between UI severity and 
higher deficit counts in everyone. Further, our proposed 
conceptual model for the geriatric incontinence syndrome 
is also supported by our findings (Figure 2). Within this 

Table 2: Demographic and important clinical characteristics of women with UI 
based on UI severity.

0-1 Leaks 
(N= 19)

2+ Leaks 
(N= 42) P-value

Age, mean ± SD, years 76.7 ± 4.9 77.5 ± 6.3 0.63
Physical function

SPPB Chair Stand Score, mean 
± SD 3.3 ± 0.9 2.3 ± 1.4 < 0. 01

SPPB Balance Score, mean ± SD 3.6 ± 0.5 3.3 ± 0.9 0.10
SPPB 4-meter gait speed, mean ± 

SD, m/sec 1.0 ± 0.2 0.8 ± 0.2 0.031

Objective assessment of disability
Mobility Assessment Tool (MAT-

SF), mean ± SD 62.6 ± 10.4 57.0 ± 9.2 0.042

Perceived difficulty (PAT-D), 
mean ± SD 1.5±0.6 1.8±0.6 0.036

Sarcopenia measures
SARC-F total score, mean±SD 1.5±1.7 2.1±2.0 0.19
Grip strength, mean±SD, kg 19.4±3.2 18.7±7.4 0.68

Cognitive function
MoCA3 Score, mean ± SD 23.6 ± 3.7 24.7 ± 2.7 0.20

Frailty/Fatigue
CESD: I could not get going, some 

of the time or more N (%) 8 (42.1%) 22 (52.4%) 0.46

CESD: I felt that everything I did 
was an effort some of the time or 

more N (%) 
6 (31.6%) 15 (35.7%) 0.75

1Includes prescription and over the counter medications
2Center for Epidemiologic Studies Depression Scale -10
3Montreal Cognitive Assessment 
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(B) Represents a test of association between UI severity and count of co-occurring geriatric impairments 
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Figure 1 Distribution of the number of geriatric impairments present among women geriatric UI symptoms based on UI severity; (A) demonstrates the count of geriatric 
impairments present based on UI severity as a single category from 0 to 9, (B) demonstrates the categorized counts of the cumulative geriatric impairments based on UI 
severity.

Figure 2 Conceptual framework proposing the mechanism of the geriatric incontinence syndrome phenotype based on cumulative geriatric impairments.
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framework, the cumulative impact of multiple geriatric 
impairments present in an older woman with severe UI 
symptoms may preliminarily identify the presence of the 
GIC phenotype. 

Among older women, UI increases in prevalence. Aging 
is independently associated with impairments in physical 
function, cognition, and skeletal muscle weakness; 
these impairments are also associated with UI in older 
women [13]. The concomitant presence of UI with one 
or more of these geriatric impairments in older women 
may characterize GIS [2]. Our current treatment options 
are not effective and have increased morbidity for older 
women with UI and concomitant geriatric impairments. 
GIS is impacted by the concomitant presence of multiple 
geriatric and gender specific traits. The clinical traits of GIS 
have been isolated to inform its clinical definition.

 It is plausible that the cumulative impact of geriatric 
impairments in older women with severe UI may impact 
on safety and success of UI treatments [20]. Prior studies 
have demonstrated that women older than 65 years are at 
increased risk for urologic and non-urologic complications 
after procedure-based UI interventions, suggesting that 
chronologic age, not biologic age may be a significant 
risk factor for procedure-related complications [36,37]. 
The undetected presence of the GIS may account for the 
refractory nature and poor outcomes that occur in a subset 
of older women with UI. For example, we examined the 
effectiveness of pelvic floor muscle training and behavioral 
therapy in this cohort and found that after 12 weeks, there 
was minimal improvement in their UI symptoms and 
patient satisfaction with this therapy was low [11]. It is 
plausible that this GIS phenotype will require more precise 
therapies targeting geriatric impairments as well as pelvic 
floor dysfunctions for successful treatment. The findings of 
this study advance our ability to identify women with GIS 
in clinical practice; a necessary step towards improving 
the clinical care of all older women with UI. 

Our findings are novel and clinically important. Unlike 
the primary analysis for this cohort, this analysis tests the 
hypothesis that the deficit accumulation model may be 
applied to explore diagnostic criteria for the GIS. These 
data are strengthened by the prospective collection of 
robust assessments of UI, physical performance, and 
cognitive geriatric assessments using validated measures 
and all in each individual participant. Our observations 
are weakened by the lack of follow-up analyses applying 
this theory to the cohort to determine its impact on UI 
symptom reduction with treatment. Further, the cross-
sectional analysis limits determination of the causation and 
consequences of having these cumulative impairments. 

Results of this first report need to be replicated in other 
larger cohorts, including some pre- and post-intervention. 
We also acknowledge that there may be other geriatric 
deficits that may be important to characterizing the 
phenotype of geriatric urinary incontinence that were not 
assessed in this study. 

CONCLUSION

The clinical care of older women with urinary 
incontinence symptoms does not routinely consider the 
presence of geriatric impairments. Further, the notion of 
the importance of the geriatric incontinence syndrome 
is often overlooked. Despite urinary incontinence being 
an established geriatric syndrome with clear impact on 
morbidity after urinary incontinence treatments, its value 
in clinical practice is limited due geriatric UI being poorly 
characterized and without diagnostic criteria.

To date, older women with UI undergo procedure-based 
treatments with higher risk of refractory UI symptoms 
and complications. We propose that the presence of a 
unique UI phenotype, known as the geriatric incontinence 
syndrome, is distinct from the pelvic floor-based condition 
of UI in women but is clinically poorly characterized. 
This study builds upon previously published work to 
show that GIS may feature more severe UI symptoms 
present concomitantly with multiple and diverse geriatric 
impairments. Confirmative data is needed to validate these 
clinical features and to understand its impact on treatment 
success for urinary incontinence in older women. 
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