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Abstract

Aim: Determine the efficacy of behavioral therapy for urinary symptoms in Parkinson’s disease.

Methods: Randomized trial of behavioral therapy compared to control condition among adults 

(aged 54–85 years, 74% male, 10% black/83% white) with Parkinson’s and ≥4 incontinence 

episodes weekly. Behavioral therapy included pelvic floor muscle exercises, bladder training, fluid 

and constipation management. Both groups completed bladder diary self-monitoring. Outcomes 

included diary-derived incontinence and ICIQ-overactive bladder (OAB) score (range 0–16) with 

bother and quality of life questionnaires (higher scores = worse outcomes).
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Results: 53 participants randomized and 47 reported 8-week outcomes including 26 behavioral 

therapy and 21 control. Behavioral vs. control participants were similar with respect to age (71.0 

± 6.1 vs. 69.7 ± 8.2 years), sex (70% vs. 78% male), motor score, cognition, mean weekly 

incontinence episodes (13.9 ± 9.6 vs. 15.1 ± 11.1) and OAB symptoms (8.9 ± 2.4 vs. 8.3 ± 2.2). 

Weekly incontinence reduction was similar between behavioral (−6.2 ± 8.7) and control 

participants (−6.5 ± 13.8) (p=0.89). After multiple imputation analysis, behavioral therapy 

participants reported statistically similar reduction in OAB symptoms compared to control ((−3.1 

± 2.8) vs. (−1.9 ± 2.2), p=0.19); however quality of life ((−22.6 ± 19.1) vs. (−7.0 ± 18.4), p=0.048) 

and bother ((−12.6 ± 17.2) vs. (−6.7 ± 8.8), p=0.037) improved significantly more with behavioral 

therapy.

Conclusion: Self-monitoring resulted in fewer urinary symptoms; however, only 

multicomponent behavioral therapy was associated with reduced bother and improved quality of 

life. Providers should consider behavioral therapy as initial treatment for urinary symptoms in 

Parkinson’s disease.
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Introduction

While Parkinson’s disease is often characterized by motor symptoms (tremor, bradykinesia, 

rigidity), non-motor symptoms, including urinary symptoms, correlate more closely with 

impaired well-being as the disease progresses1. Overactive bladder (OAB) symptoms, 

including urgency, frequency, and nocturia, with or without urgency urinary incontinence, 

are the most common urinary symptoms of Parkinson’s disease1,2. Because OAB symptoms, 

such as urgency incontinence and nocturia, are associated with falls3,4 (a cause of increased 

mortality in Parkinson’s disease5), spouse/caregiver stress6, and, ultimately 

institutionalization7, it is critical that we provide efficacious therapy for the treatment of 

urinary symptoms in persons with Parkinson’s disease.

Current guidelines for treatment of urinary symptoms in Parkinson’s disease recommend the 

use of anticholinergic drugs because they act on muscarinic receptors in the bladder smooth 

muscle8. There is a large body of evidence supporting the efficacy of anticholinergic drugs 

for reducing symptoms of OAB in adults; however, only limited data exist for these drugs in 

Parkinson’s disease. In one pilot study, anticholinergic drug therapy was associated with an 

improvement in urinary incontinence, but had no impact on urinary frequency9. However, it 

is well established that people with Parkinson’s’ disease are more susceptible to negative 

cognitive effects of anticholinergic medications due to their underlying potential to develop 

cognitive impairment10–12 as well as the most common side effects of constipation and dry 

mouth13. Therefore, it is important to consider non-pharmacologic approaches to treatment.

Pelvic floor muscle exercise-based behavioral therapy for urinary symptoms requires 

learning a motor skill and implementing an adaptive behavioral strategy incorporating pelvic 

floor muscle contraction to delay the need to void when urgency strikes14,15. Most 

behavioral studies have excluded persons with neurodegenerative disease; however, one 
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study demonstrated the feasibility of pelvic floor muscle exercise-based behavioral therapy 

to treat urgency incontinence in adults with Parkinson’s disease16. The goal of the present 

study was to determine the efficacy of behavioral therapy compared to a control condition in 

a randomized controlled trial.

Methods

We conducted a parallel group randomized clinical trial of pelvic floor muscle exercise-

based behavioral therapy compared to a control condition for the treatment of urinary 

symptoms in Parkinson’s disease. Participants were both Veteran and non-Veteran 

community-dwelling men and women recruited at two VA medical centers as well as 

through university affiliates and foundation listings in Atlanta, GA and Birmingham, AL. 

Recruitment occurred from September 2012 – May 2017. All participants provided written 

informed consent.

Eligible participants were diagnosed with Parkinson’s disease by a neurologist with 

additional fellowship training in movement disorders. Participants then had to complete a 7-

day bladder diary confirming at least 4 episodes of urinary incontinence. Exclusion criteria 

included: significant cognitive impairment (as measured by a Montreal Cognitive 

Assessment17 score of < 18/3018 or the inability to complete an interpretable 7-day bladder 

diary), significant depression (as measured by a Geriatric Depression Scale19 score of ≥ 

10/15), previous intensive pelvic floor muscle therapy, hemoglobin A1c > 8.0%, a post-void 

residual volume of ≥ 200 mL by bladder ultrasound, use of hemodialysis, poorly controlled 

heart failure or chronic obstructive pulmonary disease, use of an indwelling catheter, pelvic 

surgery within the past 12 months, ongoing treatment for cancer related to the lower urinary 

tract, or life-limiting illness (as determined by the primary investigator or primary care 

provider). Persons taking medications for lower urinary tract symptoms were eligible if they 

reported persistent symptoms despite stable dosing for at least 1 month of bladder relaxant 

and alpha blocker medications, or for at least 6 months for 5-alpha reductase inhibitors. 

Participants were instructed to maintain a constant dose of these medications during the 

study. The Movement Disorder Society-Unified Parkinson Disease Rating Scale (MDS-

UPDRS) and modified Hoehn & Yahr scale20 were performed during a defined “on” period 

(when participants perceived their best motor function, usually about 45 minutes after 

dopaminergic medication).

Based on a previous feasibility study, we estimated a sample size of 50 completed 

participants (25 in each group) would allow 85% power at a significance level of 5% to 

detect a difference of 40% between treatment and control groups with regard to weekly 

urinary incontinence frequency at 8-weeks post-randomization. Study recruitment ended 

after the recruitment of 53 participants based on the funding award end date.

Computer-generated block randomization codes were generated by the study statistician in 

blocks of 6 with stratification by site, sex, and weekly incontinence frequency (≤ or > 10 

episodes of urinary incontinence per week) to ensure balance between the groups. Individual 

randomization assignments were stored in sealed, sequentially numbered envelopes by a 

research staff member who was not directly involved in any other study procedures. After 
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the initial visit to perform baseline assessments, eligible participants were randomly 

assigned to an intervention group at the second visit by the interventionist unsealing the next 

available envelope according to the stratification variables.

Control Group

Participants randomized to the control group were asked to maintain 7-day bladder diaries 

throughout the 8-week study period. After 30 participants were randomized, a blinded 

interim analysis showed no difference between the groups with regard to change in urinary 

incontinence frequency ((p=0.9) both groups improved significantly). Therefore, bladder-

diary completion was reduced in the control group to only at baseline and 8-weeks post-

randomization in order to limit the impact of self-monitoring. In the final analysis, an 

interaction term for group x protocol based on the change in bladder-diary record keeping 

between the groups was included in multivariable models for the primary outcome analysis 

and was not significant. Control group participants completed bladder diaries and a daily 

exercise of mirrored-shape drawing21. Mirrored-shape drawing is a motor task of the upper 

extremities involving implicit memory that would not impact urinary symptoms and was 

meant to provide a motor skill exercise similar to the motor skill learning involved in 

performing pelvic floor muscle exercises. Participants were instructed to practice the 

mirrored-shape drawing for up to 15 minutes daily. Every 2 weeks, the participants practiced 

a different shape progressing from a square to a triangle to a pentagon and finally a star. The 

third and fourth in-person visits occurred at 2- and 4-weeks post-randomization. The 

interventionist provided one telephone check-in during the sixth week and then a final fifth 

visit occurred in-person at 8-weeks post-randomization.

Intervention Group

Participants randomized to the intervention group were taught to perform isolated pelvic 

floor muscle exercise contraction without abdominal muscle recruitment during a rectal or 

vaginal exam by the interventionist (nurse practitioner or PI) in the same visit after 

randomization. Participants were provided with information about fluid management 

(decrease caffeine, drink 6 to 8 eight-ounce glasses of fluid daily) and education regarding 

constipation management as indicated (increase physical activity, fiber, fruit, and fluid; over-

the-counter agent use if needed). Participants were instructed to perform 45 pelvic floor 

muscle contractions and relaxations daily, divided into 3 sets of 15 with one set in each of 3 

positions (lying, sitting, and standing).

At the third visit (2 weeks after randomization), participants were taught an urge suppression 

strategy, which involved teaching them to respond adaptively to the sensation of urgency. 

Those participants with stress-related urine loss were also instructed to squeeze pelvic floor 

muscles immediately prior to precipitants of leakage (sneezing, coughing, or bending). For 

those with nocturia (awakening from sleep at night to void), participants were instructed to 

remain lying in bed and perform the urge suppression strategy before arising from bed to 

void either in a bedside urinal (for men) or toilet. Similar to the control group, the third and 

fourth in-person visits occurred at 2- and 4-weeks post-randomization. The interventionist 

provided one telephone check-in during the sixth week and then a final fifth visit occurred 

in-person at 8-weeks post-randomization.
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Baseline Characteristics

Participants self-reported race/ethnicity, level of completed education, and year of diagnosis 

of Parkinson’s disease. The presence of hypertension and diabetes were queried during the 

baseline examination and considered present if the patient reported they had been told by a 

doctor of a diagnosis or if they were currently prescribed medical therapy for the condition. 

Prostate enlargement was noted either on exam or with prescription of a medication used to 

treat prostate enlargement such as an alpha-blocker or 5-alpha reductase inhibitor. 

Anticholinergic medications included antimuscarinic bladder relaxants, tricyclic 

antidepressants, antihistamines, and antiparkinsonian medications with anticholinergic 

effects such as amantadine, trihexaphenidyl, or ethopropazine.

Outcome Evaluation

Outcomes were assessed at baseline and 8-weeks post-randomization. Primary outcome 

measures included weekly urinary incontinence frequency as reported on a 7-day bladder 

diary and OAB symptom burden as measured by the International Consultation on 

Incontinence OAB symptom questionnaire22. Bladder diary abstraction was performed by a 

trained research assistant who was blind to group allocation and did not interact with 

participants. To determine the clinical significance of any change observed in the ICIQ-OAB 

symptom questionnaire, the ICIQ-OAB bother and quality of life modules22 were completed 

at baseline and 8-weeks post-randomization.

Statistical Analysis

The primary outcome measures of weekly urinary incontinence frequency and ICIQ-OAB 

symptom score were assessed with intention to treat using generalized linear models 

adjusted for baseline severity according to the outcome measure of interest. Weekly urinary 

incontinence frequency was calculated using the baseline 7-day diary and 8-week post-

randomization 7-day diary. If the participant completed at least 5 days of the 7-day diary, 

then the weekly frequency was adjusted to reflect a 7-day frequency. Because, eleven 

percent of participants dropped out with all six of these participants in the control group, 

sensitivity analyses were conducted using multiple imputation and last observation carried 

forward to account for differential dropout, which represented non-random missing data. 

Sensitivity analyses for the primary outcome of urinary incontinence frequency did not 

demonstrate differential results; however, differential results were obtained for the ICIQ-

OAB symptom score. Using last observation carried forward, the analysis comparing the 8-

week post-randomization ICIQ-OAB symptom score between the groups demonstrated 

statistical difference (behavioral group improved more than control), but no statistically 

significant difference was detected using the multiple imputation or completers analyses. 

The multiple imputation analyses are presented. Analyses were completed using SAS 

version 9.4 (SAS Institute, Cary, NC).

Results

Screening and recruitment of participants is shown in Figure 1. The most common reason 

for not qualifying for the study was not experiencing at least 4 episodes of urinary 

incontinence during the screening period using the 7-day bladder diary. The randomization 
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groups were well balanced across all baseline characteristics (Table 1). Participants were 

majority male, which reflects the Veteran population and the higher prevalence of 

Parkinson’s disease in males compared to females. The average MDS-UPDRS part 3 motor 

score suggests most participants had mild to moderate motor symptom severity in a defined 

‘on’ period and the average disease duration was 6–8 years. The average MoCA score of 

approximately 24/30 suggests a substantial portion of participants had evidence of at least 

mild cognitive dysfunction. On average, participants reported 2 episodes of urinary 

incontinence per day.

After randomization there were no dropouts in the behavioral therapy group, while 6 

participants dropped out in the control group (11% of the overall study population). 

Characteristics of these six participants are listed in Supplementary Table 1. All participants 

who dropped out were male and tended to report more constipation, have a history of 

diabetes, and worse cognitive function.

Both groups reported reduction in weekly urinary incontinence episodes reported on a 7-day 

bladder diary at the 8-week post-randomization visit and there was no difference between 

the groups (Table 2). Participants in both groups also reported improvement in symptoms of 

overactive bladder as measured by the ICIQ-OAB symptom questionnaire and differences 

were not significantly different between groups (Table 2). This improvement was only 

clinically significant as evidenced by significant reduction in symptom bother and 

improvement in quality of life related to overactive bladder in the behavioral treatment group 

compared to the control group (Table 2).

The sample size was too small for meaningful subgroup analyses; however, exploratory 

analyses revealed no statistical difference in 8-week overactive bladder symptom score or 

urinary incontinence frequency in the behavioral therapy group based upon level of cognitive 

function as measured by the Montreal Cognitive Assessment. Six-month outcomes were 

available for a subsample of participants (16/26) randomized to behavioral therapy who 

chose to provide data. Among these 16 individuals, the diary-reported baseline weekly 

urinary incontinence frequency of 13.2 ± 8.9 improved to 4.2 ± 9.7 at 8-weeks and was 

sustained at 6.2 ± 9.3 at 6 months (no statistically significant difference between 8 weeks 

and 6 months).

With regard to adherence to the pelvic floor muscle exercise regimen, at 8 weeks, 65% of 

participants in the behavioral therapy group reported performing the recommended number 

of exercises each day. At 6 months, 79% of those who provided data reported performing 

pelvic floor muscle exercises at least once daily and only 5% reported never doing exercises.

Discussion

Urinary symptoms, particularly urinary incontinence, add to the burden of living with 

Parkinson’s disease and non-motor symptoms have more impact on quality of life than 

motor symptoms as the disease progresses1. Clinical trial results to guide urinary symptom 

management in the setting of Parkinson’s disease are scant9. While behavioral therapy is 

well-established for adults with overactive bladder symptoms14,15,23, it has not been 
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previously tested in a randomized controlled trial in persons with a neurodegenerative 

disease such as Parkinson’s disease. These results demonstrate that behavioral therapy is a 

reasonable initial treatment strategy in men and women with Parkinson’s disease, including 

those with mild impairment in cognition.

The results of this study suggest that self-monitoring with a daily bladder diary may lead to 

clinically significant improvement in the frequency of urinary incontinence and overactive 

bladder symptoms. The pathogenesis of urinary symptoms in Parkinson’s disease is 

hypothesized to be affected by two pathways involved in the underlying pathophysiology of 

the disease. Loss of dopaminergic balance in the basal ganglia leads to a loss of inhibition of 

bladder contractility through the pontine micturition center resulting in more frequent 

involuntary bladder contractions2. Additionally, cortical alpha-synuclein pathology may 

impact integration of sensory input from the bladder to the cortex leading to loss of 

recognition of bladder fullness and lack of advanced planning for the need to void (executive 

dysfunction)2. Daily bladder diaries have been associated with reduction in urinary 

incontinence frequency in previous studies; however the percent reduction was previously 

much less than participants assigned to multicomponent behavioral therapy14. Self-

monitoring may have a particularly robust effect in the setting of a disease such as 

Parkinson’s disease associated with executive dysfunction24. While behavioral therapy was 

not superior when compared to a control group using bladder diary self-monitoring alone for 

urinary incontinence in the setting of Parkinson’s disease, the multicomponent nature of 

behavioral therapy likely provides strategies that have greater impact on bother and perhaps 

greater durability for long-term implementation than continued self-monitoring with a 

bladder-diary. Our preliminary data showing maintenance of the effect of behavioral therapy 

to reduce incontinence over six months are promising. No six-month effectiveness data were 

collected in the control group since they were promised behavioral treatment at 8 weeks as 

an inducement to participate in this randomized clinical trial.

Previous studies of behavioral therapy have excluded persons with evidence of cognitive 

impairment as measured using a screening test of cognitive function14,23. The present study 

is unique in its inclusion of persons who likely have at least mild cognitive dysfunction. It is 

not known what level of cognitive dysfunction precludes the ability to learn and implement 

exercise-based behavioral therapy. The most common alternative to behavioral therapy is 

drug therapy and most bladder relaxant therapy has the potential for anticholinergic side 

effects, which could impact cognitive function. Newer, more invasive therapies such as 

percutaneous tibial nerve stimulation or cystoscopic onobotulinumtoxin injection are 

associated with either multiple clinic visits for therapy or the need for sedation during a 

procedure25. Given these caveats to other therapeutic options, it is reasonable for clinicians 

to offer behavioral therapy as an initial treatment strategy in persons who are interested even 

in the presence of cognitive dysfunction. Indeed, other behavioral strategies such as 

prompted voiding may be viable even in persons with significant impairment if a care 

partner is available to assist.

Limitations to the current study include the short-term follow-up and majority male study 

population. However, the duration of follow-up is typical of many previous behavioral and 

drug trials for urinary symptoms and data were available from a subset in the behavioral 
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therapy group who chose to provide 6-month follow-up data. While the study population 

was largely male, Parkinson’s disease is more prevalent in males. Additionally, with 

relatively few exclusion criteria, participants are reflective of many patients seen in the 

clinical setting, including those on stable medication regimens for Parkinson’s disease and 

urinary symptoms and those with evidence of at least mild cognitive dysfunction and use of 

acetylcholinesterase therapy. Outcomes in this study are patient-reported, which is the 

standard for clinical trials of treatments for urinary symptoms. Differential dropout in the 

control group led to non-random missing data, which could have impacted the ability to 

detect a difference in OAB symptom frequency between the groups. Next steps include a 

comparative effectiveness trial to compare behavioral therapy to commonly used drug 

therapy for urinary symptoms in Parkinson’s disease as well as strategies to make behavioral 

therapy accessible even if specialized continence care is not available.

Conclusions

Behavioral treatment is associated with improvement in urinary symptoms of overactive 

bladder in persons with Parkinson’s disease and multicomponent behavioral treatment is 

associated with reduced bother and improvement in quality of life. Given the favorable side 

effect profile of behavioral therapy compared to other treatment options such as drug therapy 

or other interventions, it is reasonable for clinicians to offer behavioral therapy as a first-line 

treatment option to persons with Parkinson’s disease. Evidence of mild cognitive 

dysfunction is not a barrier to implementation of exercise-based behavioral therapy for 

urinary symptom treatment. Self-monitoring using a bladder diary leads to improvement in 

urinary symptoms in the setting of Parkinson’s disease, which may reflect the impact of 

executive dysfunction in the pathogenesis of urinary incontinence in this population.
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Figure 1: 
Study Participants
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Table 1:

Baseline characteristics

Control Group
(n=27)

Behavioral Group
(n=26)

p-value

Age (years) 69.7 ± 8.2 71.0 ± 6.1 0.5

Sex 21 (78%) male 18 (70%) male 0.5

Race 22 (88%) white
2 (8%) black
1 (4%) other

2 did not report

22 (85%) white
3 (11%) black
1 (4%) other

0.9

Education Completed High School or less 12%
Completed College or more 72%

Completed High School or less 30%
Completed College or more 57%

0.1

Hypertension 16 (59%) 12 (46%) 0.3

Diabetes 3 (11%) 3 (11%) 1.0

Prostate Enlargement (men only) 8/21 (38%) 10/18 (56%) 0.3

Constipation (past/present) 18 (67%) 20 (77%) 0.4

Acetylcholinesterase Inhibitor 1 (5%) 4 (15%) 0.2

Anticholinergic medication 7 (26%) 6 (23%) 0.8

Parkinson disease duration (years) 8.6 ± 5.0 6.1 ± 5.2 0.08

MDS-UPDRS Part 3 23.6 ± 15.4 25.8 ± 13.2 0.6

MoCA 24.9 ± 2.4 23.5 ± 3.1 0.07

Post-void residual (mL) 30.3 ± 41.3 49.4 ± 53.6 0.2

ICIQ-OAB symptom score 8.3 ± 2.2 8.9 ± 2.4 0.3

Weekly UI episodes (bladder diary) 15.1 ± 11.1 13.9 ± 9.6 0.6

MDS-UPDRS = Movement Disorder Society Unified Parkinson Disease Rating Scale part 3 motor score

MoCA=Montreal Cognitive Assessment: lower score indicates greater impairment

International Consultation on Incontinence Overactive Bladder (ICIQ-OAB) Symptom Score: higher score indicates greater symptom frequency, 
range 0–16

UI=Urinary Incontinence
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Table 2:

Comparison of baseline and 8-week post-randomization frequency of urinary incontinence and ICIQ-OAB 

symptom, bother and quality of life scores by group

Baseline 8 weeks Post-Randomization p-value
*Between group

Urinary Incontinence
(bladder diary)

0.89 Control 15.1 ± 11.1 8.5 ± 10.0

 Behavioral 13.9 ± 9.6 7.7 ± 10.5

ICIQ-OAB Symptom Score

0.18 Control 8.3 ± 2.2 6.4 ± 2.4

 Behavioral 8.9 ± 2.4 5.8 ± 2.7

ICIQ-OAB Bother Score

0.048 Control 27.8 ± 7.6 21.1 ± 6.8

 Behavioral 29.1 ± 8.3 16.6 ± 11.7

ICIQ-OAB QoL Score

0.036 Control 74.7 ± 23.8 69.7 ± 23.8

 Behavioral 81.0 ± 24.2 58.4 ± 21.5

International Consultation on Incontinence Overactive Bladder (ICIQ-OAB) Symptom Score: higher score indicates greater symptom frequency, 
range 0–16

Bother score: higher score indicates greater bother related to overactive bladder symptoms, range 0–40

Quality of Life: higher score indicates worse quality of life, range 0–160

P-value: *Between group represents GLM adjusted for randomization group and baseline severity with multiple imputation for missing data
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