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ABSTRACT 

Urinary incontinence, one of the most prevalent conditions in elderly living 

in nursing homes (NH) was shown to significantly impact patient’s quality of life 

(QOL) and health outcomes. Bladder antimuscarinics (BAM), the main drug class 

to treat urinary incontinence, have limited effects in managing the condition; 

however, given their anticholinergic properties and the characteristics of those 

living in NH, BAM could potentially lead to serious health consequences in this 

population.  

We conducted a retrospective cohort study with a new-users design by 

linking existing Veterans Affairs (VA) data (inpatient, outpatient, pharmacy 

administrative files, and Minimum Data Set- MDS) between fiscal years 2003 and 

2009. Potential risks (i.e. fractures and negative impact on cognitive 

performance) and benefits (i.e. improvement in urinary incontinence, social 

engagement and overall QOL) associated with initiation of a BAM were assessed 

in elderly (65+) admitted for long-term care in the VA Community Living Centers. 

Descriptive statistics were used to compare BAM new-users and non-

users at baseline; in addition, logistic regression was used to identify important 

predictors of BAM initiation. Treatment selection bias was addressed by using 

the propensity score matching method. After balancing the groups on baseline 

characteristics, the risk of fractures (hip fracture, any fracture) in relationship with 

BAM initiation was evaluated using Cox proportional hazard analysis. BAM 

impact on the cognitive status measured by the MDS-Cognitive Performance 

Scale (CPS) was evaluated through generalized estimated equations (GEE) 

method. Similarly, possible benefits measured through MDS were assessed via 

GEE.  

The final cohort included 1195 BAM new-users (with the majority being 

prescribed Oxybutynin immediate-release) and 22,987 non-users. Predictors of 
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BAM initiation included demographic characteristics, bladder and bowel 

continence status, comorbidities, medication use, cognitive performance and 

functional status.  

Our study showed that BAM improved urinary continence (OR=1.27, 

95%CI: 1.07-1.50) in those treated; social engagement as measured by MDS-

Index of Social Engagement also improved in users, although at a level that is 

not clinically significant (difference in mean MDS-ISE=0.2074, 95%CI: 0.0550-

0.3598). However, BAM initiation increased the risk of fractures (hip: HR=3.69, 

95% CI: 1.46 - 9.34, p=0.0059; any fracture: HR=2.64. 95% CI: 1.37 - 5.10, 

p=0.0039).  Our results showed no difference between new-users and non-users 

with regard to mean CPS and overall QOL. 

 The purpose of the study was to clarify the proper role of medication use 

in the management of urinary incontinence in elderly in the VA CLC. The results 

raise questions about the continued use of Oxybutynin IR, the main BAM 

prescribed in this population. Given the increased risk for fractures in the context 

of potential improvement in urinary continence with no clinically significant 

improvement in social engagement, a wiser step might be to investigate the 

safety profile for newer BAM for situations when an addition to non-

pharmacologic management for urinary incontinence is desired for elderly in 

long-term care. 
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ABSTRACT 

Urinary incontinence, one of the most prevalent conditions in elderly living 

in nursing homes (NH) was shown to significantly impact patient’s quality of life 

(QOL) and health outcomes. Bladder antimuscarinics (BAM), the main drug class 

to treat urinary incontinence, have limited effects in managing the condition; 

however, given their anticholinergic properties and the characteristics of those 

living in NH, BAM could potentially lead to serious health consequences in this 

population.  

We conducted a retrospective cohort study with a new-users design by 

linking existing Veterans Affairs (VA) data (inpatient, outpatient, pharmacy 

administrative files, and Minimum Data Set- MDS) between fiscal years 2003 and 

2009. Potential risks (i.e. fractures and negative impact on cognitive 

performance) and benefits (i.e. improvement in urinary incontinence, social 

engagement and overall QOL) associated with initiation of a BAM were assessed 

in elderly (65+) admitted for long-term care in the VA Community Living Centers. 

Descriptive statistics were used to compare BAM new-users and non-

users at baseline; in addition, logistic regression was used to identify important 

predictors of BAM initiation. Treatment selection bias was addressed by using 

the propensity score matching method. After balancing the groups on baseline 

characteristics, the risk of fractures (hip fracture, any fracture) in relationship with 

BAM initiation was evaluated using Cox proportional hazard analysis. BAM 

impact on the cognitive status measured by the MDS-Cognitive Performance 

Scale (CPS) was evaluated through generalized estimated equations (GEE) 

method. Similarly, possible benefits measured through MDS were assessed via 

GEE.  

The final cohort included 1195 BAM new-users (with the majority being 

prescribed Oxybutynin immediate-release) and 22,987 non-users. Predictors of 
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BAM initiation included demographic characteristics, bladder and bowel 

continence status, comorbidities, medication use, cognitive performance and 

functional status.  

Our study showed that BAM improved urinary continence (OR=1.27, 

95%CI: 1.07-1.50) in those treated; social engagement as measured by MDS-

Index of Social Engagement also improved in users, although at a level that is 

not clinically significant (difference in mean MDS-ISE=0.2074, 95%CI: 0.0550-

0.3598). However, BAM initiation increased the risk of fractures (hip: HR=3.69, 

95% CI: 1.46 - 9.34, p=0.0059; any fracture: HR=2.64. 95% CI: 1.37- 5.10, 

p=0.0039).  Our results showed no difference between new-users and non-users 

with regard to mean CPS and overall QOL. 

 The purpose of the study was to clarify the proper role of medication use 

in the management of urinary incontinence in elderly in the VA CLC. The results 

raise questions about the continued use of Oxybutynin IR, the main BAM 

prescribed in this population. Given the increased risk for fractures in the context 

of potential improvement in urinary continence with no clinically significant 

improvement in social engagement, a wiser step might be to investigate the 

safety profile for newer BAM for situations when an addition to non-

pharmacologic management for urinary incontinence is desired for elderly in 

long-term care. 
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CHAPTER I- INTRODUCTION 

The elderly who reside in nursing homes (NH) suffer from multiple health 

conditions; they have a high chance of being prescribed multiple drugs and a 

high risk of experiencing medication-related adverse events. Urinary 

incontinence is one of the most frequent conditions in this population, with a 

prevalence of approximately 55% in NH worldwide (Hunskaar et al., 2005). In the 

United States, the prevalence has been estimated to be 65% (Newman, 2006) 

with an associated $5.32 billion (2000 dollars) in estimated total direct costs (Hu 

et al., 2004). Urinary  incontinence has also been found to have a negative 

impact on different health-related outcomes (falls and fractures, urinary tract and 

skin infections, depression, chronic constipation), as well as on the emotional 

well-being and the quality of life (QOL) of older adults.  

Current approaches for treating urinary incontinence include behavioral 

interventions and/or pharmacological treatment, and the use of absorbent 

products. The pharmacological treatment is mainly represented by bladder 

antimuscarinics (BAM), drugs with anticholinergic properties through their action 

on the muscarinic receptors, a type of cholinergic receptors. These drugs were 

mainly evaluated in younger populations or in community-dwelling elderly. A 

recent review of 14 randomized clinical trials (RCT) that were conducted between 

1985 and 2008 and included NH residents evaluated the combination of 

behavioral interventions and medication and showed limited improvement in the 

number of incontinence episodes while reporting common adverse events (Fink 

et al., 2008). However, only one of these trials evaluated/reported falls and did 

not show a significant difference between Oxybutynin extended-release (ER) and 

placebo during the short, four-week follow-up (Lackner et al, 2008). In addition, 

given their short follow-up, these clinical trials could not evaluate the long-term 
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effectiveness or adverse outcomes potentially associated with BAM in this frail 

population.  

Side effects described in RCT, such as loss in coordination, pupil 

dilatation, and double-vision can increase the risk of falls and fall-related 

fractures elderly in relationship to BAM use (Mustard et al., 1997; Ray et al., 

1987; Ray et al., 2000).  Anticholinergic burden was shown to increase the risk 

for falls (Aizenberg et al, 2002) and cause cognitive impairment as measured by 

the Mini-Mental State Examination (MMSE) (Fox et al, 2011). However, to our 

knowledge, no study evaluated the long term effects, both in terms of risks and 

benefits, associated with BAM use in institutionalized elderly; moreover, to our 

knowledge, no study evaluated BAM impact on cognitive performance in the NH 

setting and with a long follow-up. Studies conducted in this population, either (1) 

evaluated only improvement in urinary incontinence with the addition of BAM to 

behavioral interventions, or (2) compared Oxybutynin to another BAM in terms of 

risks and had a short follow-up, a small sample size, and/or did not include fall-

related fractures as primary outcome of interest. 

Specific Aims 

The purpose of this research was to harness a unique data resource to 

investigate the balance between benefits and risks from antimuscarinic agents in 

a large population of NH residents with urinary incontinence. This healthcare 

database also offers the opportunity to study the characteristics that may be 

associated with use of these drugs. Although a well-design randomized clinical 

trial would be ideal to evaluate the risks and the benefits of BAM in the NH 

population, this option is not as feasible for assessing long-term effects.  
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We conducted a retrospective cohort study within a rich dataset that includes 

prescription and non-prescription drug use as well as clinical, functional, and 

quality of life outcomes. This project employed the linkage of Long Term Care 

Minimum Data Set (LTC MDS) assessments data with Veteran Affairs (VA) 

medical and pharmacy records, and enrollment files for residents in the VA 

Community Living Centers (CLC) (former VA Nursing Homes).  MDS assessment 

data provided functional, behavioral, and symptom and syndrome data.  VA 

administrative files were the source of drug exposure data needed to identify 

BAM users and also allowed for identification of diagnosis codes for outcomes 

and comorbidities assessment.  

The specific aims of this study were to: 

Aim 1: Describe the characteristics of those receiving different BAM (including 

demographics, baseline disease history, standardized measures of resident 

cognitive, behavioral, functional and medical stability status, and facility 

characteristics) and to identify predictors of medication initiation for managing 

urinary incontinence in NH. 

Aim 2: Determine whether initiation of BAM is associated with increased risk of 

fractures and impaired cognition. 

 Hypothesis 2a: BAM will increase the risk of fractures in NH residents 

Hypothesis 2b: BAM will negatively affect cognitive status as measured by 

MDS-Cognitive Performance Scale (CPS)  

Aim 3: Determine whether BAM initiation is associated with improvement in 

incontinence and QOL. 

 Hypothesis 3a: BAM will improve incontinence as measured by MDS 

Hypothesis 3b: BAM will improve social engagement and overall QOL
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CHAPTER II- LITERATURE REVIEW 

In 2003, it was estimated that 1.5 million adults over 65 years were living 

in NH in the US; today, as the population is aging, the number is now probably 

larger (National Center for Health Statistics, 2005; Sahyoun et al., 2001). An 

important proportion of this population would also fit the description of a frail 

elderly suffering from impaired physical activity, cognition, nutrition, and high 

medication use and a high risk of intercurrent disease, increased disability, 

hospitalization, and death (Ferrucci et al., 2004).  

Urinary continence and falls are two very problematic conditions in NH. 

The treatment of one may adversely affect the other. The balance between risks 

and benefits is unknown in this vulnerable population. In this chapter, we first 

briefly review the burden of these health conditions and the characteristics of the 

vulnerable NH population.  We next explain the pharmacologic properties of BAM 

followed by the evidence on BAM effects on health outcomes. The final section 

describes the data resource and summarizes previous research using the VA 

MDS. 

Urinary Incontinence and Its Treatment 

Urinary incontinence is a highly prevalent and costly condition that 

requires significant resources for care in NH worldwide. Despite the need for 

effective treatment options, the current pharmacologic management for the 

condition shows limited effectiveness (i.e. medication alleviates symptoms, but is 

not curative) and potential for bothersome and, sometimes, serious adverse 

effects. The prevalence of urinary incontinence among NH residents was 

estimated between 40% and 70% and it has been demonstrated that this 

condition seriously impacts QOL and functionality (Charalambous et al., 2009). It 
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is associated with substantial morbidity-predisposes to skin irritation, interferes 

with the healing of pressure ulcers, and results in symptomatic urinary tract 

infections. Additional serious consequences include depression, inactivity, and 

social isolation. Moreover, nocturia and urge incontinence may lead to falls 

among residents with impaired mobility (Ouslander et al, 2005). The economic 

costs of incontinence were estimated at a level of $5.32 billion (2000 dollars) (Hu 

et al., 2004). Moreover, urinary incontinence increased the risk of admission to a 

NH by 6 - 10%, thus creating an additional $6 billion annualized cost (2004 

dollars) (Morrison & Levy, 2006). 

Today, its management may involve various combinations of behavioral, 

surgical, and pharmacological interventions; however, most often, incontinence is 

controlled by catheters, diapers, and pads. Behavioral and pharmacological 

interventions are usually the treatment of choice for urge incontinence, whereas 

surgery is less common and is sought in stress incontinence if non-

pharmacologic interventions fail. 

In NH, residents newly diagnosed with urinary incontinence should be 

evaluated and behavioral interventions should be attempted before medication is 

initiated. Figure 2.1 below describes the stepwise approach in the management 

of urinary incontinence in the NH settings. Behavioral therapy (see Figure 2.2 

below) in NH includes scheduled voiding or caregiver-dependent techniques like 

habit training (assisting residents with voiding according to their own schedules) 

and prompted voiding (usually using a 2-hour schedule).   

BAM are the first-line pharmacological treatment in urinary incontinence, 

specifically for urge and mixed incontinence. These drugs depress both voluntary 

and involuntary bladder contractions. Some of the drugs have antimuscarinic 

effect exclusively, but some also exert other types of effects. The level of  
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 Figure 2.1: Urinary incontinence management in nursing homes 
 
Source: Zarowitz, B., & Ouslander, J. (2007). The application of evidence-based 
principles of care in older persons (issue 6): Urinary incontinence. Journal of the 
American Medical Directors Association, 8(1), 35-45.  
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Figure 2.2 Behavioral interventions for urinary incontinence management 
 

Source: Newman, D.K., and Wein, A.J.: Managing and Treating Urinary 
Incontinence. 2nd ed. Baltimore, MD. Health Professions Press, 2009. 
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Table 2.1: List of bladder antimuscarinics and level of evidence in urinary incontinence management 

Drug Level of evidence Grade of recommendation 

Antimuscarinic drugs   

Tolterodine Randomized controlled clinical trials Based on level-1 evidence (highly recommended) 

Trospium Randomized controlled clinical trials Based on level-1 evidence (highly recommended) 

Propantheline Good-quality prospective studies Consistent level-2 or level-3 evidence (recommended) 

Atropine, hyoscyamine Good-quality prospective studies Evidence inconsistent/inconclusive (not recommended) 

Darifenacin Under investigation .. 

Solifenacin Under investigation .. 

Drugs with mixed actions 

Oxybutynin Randomized controlled clinical trials Based on level-1 evidence (highly recommended) 

Propiverine Randomized controlled clinical trials Based on level-1 evidence (highly recommended) 

Dicyclomine Case series Level-4 studies or “majority evidence” (recommended with reservation) 

Flavoxate Case series Evidence inconsistent/inconclusive (not recommended) 

Note: Assessments according to the Oxford system, modified 
 
Source: Andersson, K. (2004). Antimuscarinics for treatment of overactive bladder. Lancet Neurology, 3(1), 46. 
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evidence with regard to their use as part of the urinary incontinence 

management also varies greatly (see Table 2.1 below). 

A study conducted in 1999 within the Veteran Affairs Medical Centers 

(VAMC) identified Oxybutynin Chloride, followed by Dicyclomine as the most 

commonly used BAM in the VA population (Malone et al, 1999). The existent 

information on the prevalence of BAM use is contradictory. The aforementioned 

study reported a high prevalence of BAM use- 72.9% of the patients identified 

with urinary incontinence received medication as part of their disease 

management (Malone, 1999). However, a more recent study conducted in NH 

showed a significantly lower prevalence of medication use (7.49%) among those 

identified with urinary incontinence through MDS. This study concluded that only 

a small proportion of the NH residents with adequate mobility and cognitive 

function received medication (Narayanan et al., 2007); however, the authors 

could not evaluate whether BAM were indeed under-prescribed, or these 

practices were appropriate, based on the multiple and interacting factors that 

influence decisions on drug therapy in the NH population.  

A review of the literature on the clinical trials assessing the efficacy of 

different treatment options for urinary incontinence is summarized in Table 2.2 

below. Various randomized clinical trials assessing behavioral interventions 

and/or BAM efficacy shown reduction in the number of incontinence episodes 

with either treatment option; the combination of the two was shown to be superior 

to the treatment with one alone  (Ouslander et al., 1995; Ouslander et al., 2001; 

Schnelle et al., 1995). 
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Table 2.2: Summary of evidence for urinary incontinence management 

Ouslander et al 
(1995) 

75 nursing 
home 
residents with 
predominantly 
urge 
incontinence, 
whose 
incontinence 
did not 
respond well 
to a trial of 
prompted 
voiding 

Randomized, 
placebo-
controlled, double-
blind dose-
adjusted, 
crossover trial 

Oxybutynin added 
along with 
prompted voiding in 
7 nursing homes 

63 (84%) of the residents completed the study and, in those, the 
percentage of wet checks went from 26.5% to 23.7% on placebo 
and to 20.2% on active drug. These changes were statistically 
significant but not clinically meaningful. A clinically significant 
decrease in the frequency of incontinence, defined as relative 
reduction in the percentage of wet checks of > 33%, occurred in 20 
subjects (32%) while on active drug and in 12 subjects (19%) while 
on placebo, P = .48. Twenty-five subjects (40%) met the 
incontinence criteria of an average of 1 or less wet per day while 
on active drug and 11 subjects (18%) achieve this goal on 
placebo, P = .005. 

Drutz et al 
(1999) 

277 patients 
over 18 years 
(mean age 62 
years) with 
detrusor over-
activity on 
cystometry 
and 
symptoms of 
urge 
incontinence 
and urinary 
frequency 

Multicenter 
randomized 
controlled trial in 
the United States 
and Canada 

Tolterodine 2 mg 
twice daily or 
Oxybutynin 5 mg 
thrice daily, or 
placebo thrice daily 

At least a 50% reduction in frequency was observed (63% 
tolterodine vs 65% oxybutynin,(, but the difference was not 
significant between the treated groups 

Birns et al 
(2000) 

128 men and 
women 
(68%), mean 
age 56, range 
18-76, 81% 
urge or 
stress/urge 
incontinence 

Multicenter 
randomized 
controlled trial in 
the United 
Kingdom 

Oxybutynin ER
*
 10 

mg daily or 
Oxybutynin IR 5 
mg twice daily for 6 
weeks 

No significant differences were found in daytime incontinence (ER 
53% vs IR 58%), nighttime continence, median change in the 
number of voluntary daytime or nighttime voids, daytime or 
nighttime episodes of incontinence. Seventy-eight (60%) of 
patients reported adverse events: Dry mouth (ER, 55%; IR 67%); 
Dizziness (ER, 2%; IR 9%); Vision abnormality (ER, 7%; IR, 5%); 
Cough (ER, 3%; IR, 5%); Headache (ER, 0; IR, 5%) 

*Note: ER= extended-release; IR= immediate-release 
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Table 2.2 continued 
Malone-Lee 
et al (2001) 

378 patients 
with overactive 
bladder Age = 
50 years, mean 
age 65, range 
49-90 

Randomized 
controlled 
comparative trial 

Tolterodine IR 2 mg 
twice daily; 
Oxybutynin IR 2.5-
5 mg twice daily 

Tolterodine better tolerated with fewer adverse drug events than 
oxybutynin (69% vs 81%, P = .01). Incidence of dry mouth 
significantly lower in the tolterodine group vs the oxybutynin group 
(37% vs 61%, P < .0001). Both agents were effective, significantly 
decreasing mean number of voids per 24 hours, increasing mean 
voided volume, decreasing mean number of incontinence pads 
used, and decreasing mean number of urge incontinence episodes 
per 24 hours. 

Ouslander et 
al (2001) 

151 nursing 
home residents 
with urinary 
incontinence 

Prospective field 
trial incorporating 
practice 
guidelines and 
principles of 
continuous 
quality 
improvement in 5 
nursing facilities 

Nursing home staff 
were trained in 
incontinence 
program and 
assumed 
responsibility for 
implementing it in 
their facilities. The 
program consisted 
of a clinical 
assessment, 
toileting protocols, 
and the addition of 
tolterodine in 
selected patients. 

A total of 645 residents were evaluated, 58% of whom were 
incontinent of urine, 40% (n = 151) of whom received toileting and 
48 of whom received tolterodine. The initial dryness rate was 57%, 
and for the group as a whole remained essentially unchanged 
(increase in dryness 1%, P = .50). Among 50 clinically stable on a 
toileting program alone, the increase in the dryness rate was 16% 
(P = .001), and for 31 clinically stable residents prescribed 
tolterodine, the increase in the dryness rate was 29% (P = .012). 

Zinner et al 
(2002) 

1015 men and 
women (43.1% 
≥ 65 years) with 
urge 
incontinence 
and urinary 
frequency 

Multicenter, 
international, 
double-blind, 
placebo-
controlled study 
at 167 medical 
centers 

Tolterodine ER 4 
mg daily or placebo 
daily for 12 weeks 

There were no differences in micturition efficacy endpoints in older 
(74 years, range 65-93) and younger patients (51 years, range 20-
64). Overall, a greater % of patients irrespective of age perceived 
any benefit with tolterodine ER than with placebo, P < .001. Less 
than 2% of tolterodine ER-treated patients had dry mouth. There 
were no CNS, visual, cardiac, or laboratory concerns. The 
withdrawal rate was similar in both age cohorts: < 65 years, 5.5%; 
≥ 65 years, 5.1%; P = .87. 

Note: CNS= Central Nervous System; ER= extended-release; IR= immediate-release 
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Table 2.2 continued 

Diokno et al 
(2003) 

790 women 
with overactive 
bladder. Mean 
age 60, range 
18-92 

Multicenter 
randomized 
double-blind, 
controlled trial 

Oxybutynin ER 10 
mg daily or 
Tolterodine ER 4 
mg daily 

No significant differences in the number of final average weekly urge 
incontinence episodes between the 2 groups. Micturition frequency 
decreased significantly more with oxybutynin than with tolterodine. 
More oxybutynin-treated patients were incontinence-free during the 
last week of study than those taking tolterodine (23% on oxybutynin 
vs 16.8% on tolterodine, P = .03). Dry mouth was more common with 
oxybutynin (29.7% with oxybutynin vs 22.3% with tolterodine,P = 
.02). 

Halaska et al 
(2003) 

357 patients 
with urge 
syndrome or 
incontinence; 
Mean age 
53.7, 86% 
female 

Multicenter 
randomized 
controlled trial in 
Europe 

Oxybutynin 5 mg 
twice daily or 
Trospium 20 mg 
twice daily 

Treatment in both arms resulted in diminished frequency of 
incontinence episodes by about 1 episode at each follow-up 
evaluation. No differences were reported between groups. Adverse 
events occurred in both groups. 

Chapple et al 
(2005) 

1200 patients 
with overactive 
bladder; mean 
age 56.5 years 
in the 
solifenacin 
groups and 
56.4 years in 
the tolterodine 
groups 

Randomized 
controlled trial in 
Europe 

Solifenacin 5 
mg/day or 
Tolterodine ER 4 
mg/day with option 
of dosage increase 
after 5 weeks 

Solifenacin showed greater efficacy than tolterodine for some 
endpoints but differences were modest. The products produced a 
comparable incidence of dry mouth, constipation, and blurred vision. 
The drug withdrawal rates were similar (3.5% solifenacin vs 3% 
tolterodine ER). 

Wagg et al 
(2006) 

1045 patients 
aged 71.9 
years with 
symptoms of 
overactive 
bladder 

Pooled data from 
four 12-week 
randomized, 
placebo-
controlled trials 
and one 40-week 
open label 
extension trial 

Solifenacin 5 mg or 
10 mg placebo once 
daily. 

Similar effects for the two doses; superiority as compared to placebo. 

 

  Note: ER= extended-release 
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Table 2.2 continued 
Song et al 
(2006) 

139 women 
with overactive 
bladder 

Randomized trial Randomized to 
treatment 
with bladder training, 
tolterodine (2 mg 
twice daily) or both 
for 12 weeks. 

Although bladder training, tolterodine and their combination were 
all effective in controlling overactive bladder symptoms, 
combination therapy was more effective than either method 
alone. 

Burgio et al 
(2011) 

143 men aged 
42 to 88 who 
continued to 
have urgency 
and more than 
eight voids per 
day, with or 
without 
incontinence, 
after run-in 

Randomized, 
controlled, 
equivalence trial 
with 4-week 
alpha-blocker 
run-in 

Randomized to 
8 weeks of 
behavioral treatment
 (pelvic floor muscle 
exercises, urge 
suppression 
techniques, delayed 
voiding) 
or drug therapy  
(individually titrated, 
extended-release 
oxybutynin, 5-
30 mg/d) 

Mean voids per day decreased from 11.3 to 9.1 (-18.8%) with 
behavioral treatment and 11.5 to 9.5 (-16.9%) with drug therapy. 
Equivalence analysis indicated that post-treatment means were 
equivalent (P < .01). After treatment, 85% of participants rated 
themselves as much better or better; more than 90% were 
completely or somewhat satisfied, with no between-group 
differences. The behavioral group showed greater reductions in 
nocturia (mean = -0.70 vs -0.32 episodes/night; P = .05). 
The drug group showed greater reductions in maximum urgency 
scores (mean = -0.44 vs -0.12; P = .02). Other between-group 
differences were non-significant. 

Lee et all 
(2011) 

Of a total of 
558 patients 
who took the 
study 
medication, 
173 were 
randomized 
and 108 (A: 40, 
B: 40, C: 28) 
were included 
in the analysis. 

Randomized, 
open-label, 
multicenter trial 

Women who 
showed successful 
response to 1 month 
of Tolterodine 4 mg 
were randomly 
assigned to: (A) 
discontinue 
medication, (B) 2-
month additional 
medication and (C) 
5-month additional 
medication. 
Symptom relapse 
and retreatment 
rates were 
evaluated. 

Discontinuation of antimuscarinic therapy resulted in high 
symptom relapse and retreatment rates regardless of 
treatment duration.  
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Although previous research showed that a combined approach in the 

urinary incontinence management is superior to either behavioral interventions or 

medication alone, there are many factors that could interfere with the actual 

success of a management plan in NH, in terms of adherence. Some of these 

factors could be driven by patient characteristics, but some of them could be the 

result of the increased burden with the addition of non-pharmacological 

interventions, both in terms of costs as well as in terms of staffing. 

Behavioral change is the underlying theory for toileting interventions; this 

theory mainly focuses on individual behaviors of the individual who is incontinent 

and those of the caregiver. In this regard, preferences related to treatment 

choices differ between patients, their family, and caregivers. A study conducted 

in 2001 showed that patients preferred medication and considered prompted 

voiding embarrassing and “fostering dependence” (Johnson et al., 2001). In 

addition, behaviors are also influenced by organizational and regulatory factors 

like staffing turnover, training, resource allocation, and organizational culture. All 

these have been associated with patient outcomes in those with urinary 

incontinence (DuBeau, 2005).  

Different studies attempted to identify barriers to the initiation of and 

adherence to behavioral treatment guidelines; these barriers include incomplete 

knowledge, time, resources, lack of authority to change practice, lack of support 

from administration, physicians, and other staff, poor communication among 

staff, lack of financial incentives to keep individuals dry, and a sense of 

uselessness and hopelessness among providers, families, and residents with 

regard to improving urinary function (Rutledge et al, 1998; Bowers et al, 2000; 

Resnick et al, 2006).  

 To summarize, urinary incontinence is a highly prevalent condition in the 

NH population and its management is complex and not curative. 
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Pharmacological treatment options exist and provide benefits when used in 

combination with behavioral interventions; however, they also add the potential 

for side effects.  

Pharmacologic Properties of Bladder Antimuscarinics 

BAM, the main pharmacological treatment for urinary incontinence, exert 

their effects through drug-binding to muscarinic receptors, a type of cholinergic 

receptor. By blocking these receptors, BAM exhibit anticholinergic effects 

(including blurred vision and dizziness) to an extent related to receptor specificity. 

There are five types of muscarinic receptors (M1-M5) widely distributed 

throughout the human body (see Table 2.3), from the bladder detrusor muscle to 

the central nervous system (CNS) (Eglen, 2006). Their role is mediated by 

acetylcholine, a neurotransmitter found extensively in the brain and autonomic 

nervous system, and also the neurotransmitter used to cause cardiac and 

smooth muscle contractions.  

 
 
 
 

Table 2.3: Muscarinic Receptors Distribution 
M1 Abundant in cerebral cortex, hippocampus, and 

neostriatum; constitute 40–50% of total acetylcholine 
receptors 

Salivary glands, sympathetic ganglia 

M2 Located throughout brain Smooth muscle, cardiac muscle 

M3 Low levels throughout brain Smooth muscle, salivary glands, eyes 

M4 Abundant in neostriatum, cortex, and hippocampus Salivary glands 

M5 Projection neurons of substantia nigra pars, compacta 
and ventral tegmental area, and hippocampus 

Eyes (ciliary muscle) 

Note: CNS= Central Nervous System 
 
 
 

The muscarinic receptors important to target for the treatment of urinary 

incontinence are those found in the bladder’s detrusor muscle- M2 and M3; the 

latter are mainly responsible for normal micturition contraction (Hegde et al., 
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1999; Chess-Williams et al., 2001; Fetscher et al., 2002; Yamanishi et al., 2002). 

M1 and M2 receptors are considered important for cognitive functioning. Animal 

models showed that M1 receptors are necessary for cognitive processing, while 

M2 receptors are required for behavioral flexibility and learning (Abrams et al., 

2006; Yamada et al., 2001).  

Non-selective muscarinic-receptor blockers (as most of the BAM are) 

targeting bladder receptors would interact not only with the detrusor muscle 

receptors, but also with other muscarinic receptors distributed throughout the 

body, including the CNS receptors. Through this pathway, non-selective drugs 

would potentially impact cognitive functions, especially in elderly where cognitive 

impairment is amplified through the gradual loss of cholinergic function caused 

by aging (Schliebs et al, 2011) and concomitant medication.  A review of the 

literature regarding receptor-associated mechanisms leading to CNS adverse 

events and their impact in geriatric patients suggests that nonselective 

antimuscarinic agents that bind to M1 receptors would be most likely to cause 

significant cognitive adverse events as compared to bladder-selective agents 

(Kay, 2005). 

In addition to the muscarinic receptors selectivity, antimuscarinics’ effect 

on the CNS also depends on their physicochemical characteristics. Based on this 

criterion, BAM are either tertiary or quaternary amines. Tertiary amines are well 

absorbed from the gastrointestinal tract and can pass into the CNS; quaternary 

amines are not well absorbed and pass into the CNS to a limited extent. 

Risks Factors for Falls and Fractures  
in Institutionalized Elderly 

Falls and fractures are among the conditions with a higher incidence in 

institutionalized elderly as compared to other populations.  It has been estimated 

that between half and three-quarters of NH residents fall each, twice the rate of 
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falls for older adults living in the community (Rubinstein et al, 1994; Messinger-

Rappaport et al., 2009). Similarly, a study comparing the incidence of fractures in 

NH residents and in community indwelling elderly estimated that hip fractures 

were 2.8 to 5.8 times more frequent in those institutionalized than in age- and 

sex-matched elderly living independently (Ooms et al., 1994).  

Approximately 50% of the fallers fall repeatedly and are at risk for serious 

injuries. According to Center for Disease Control and Prevention, about 10% to 

20% of nursing home falls cause serious injuries, and about 1,800 older adults 

living in NHs die each year from fall-related injuries (CDC, 2011). A prospective 

study assessing staff-reported falls estimated that about 30% of these falls 

resulted in some injury, with 6.5% requiring physician care, 3% needing 

treatment for a fracture other than of the hip, 1.4% needing treatment for a hip 

fracture and 19.3% for a head injury. (Nurmi et al., 2002). 

Risk factors for falls include advanced age, cognitive status, sex (women 

are at higher risk), past history of falls, walking, gait and balance problems, 

medications, health conditions such as arthritis and Parkinson’s disease, low 

blood pressure, problems with hearing or vision (CDC, 2011). Fracture 

mechanisms are different for different age groups. In elderly, osteoporosis is an 

important risk factor for fractures and it helps explaining the increase in incidence 

with age; however osteoporosis is not a sufficient or even necessary factor for 

fracture. Research showed that falls are the main injury mechanism for fractures 

in elderly people (Bell et al., 2000; Bergstrom et al., 2008), especially hip, spine, 

forearm, leg, ankle, pelvis, upper arm, and hand fractures (Scott, 1990).Usually, 

the fall resulting in fracture is a seemingly insignificant fall. A Swedish study 

evaluated the importance of falls in causing fractures in elderly in the community 

(see Figure 2.3). They found that, with increasing age, the role of low energy falls 

http://www.cdc.gov/HomeandRecreationalSafety/Falls/nursing.html
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became more and more important and is the dominating injury mechanism 

behind fractures among the oldest (75+) (Bergstrom et al., 2008).  

 
    

                             

 

Figure 2.3. The main causes for fractures in adults 50+ 
 
 
 

With regard to medication as a risk factor, there are multiple mechanisms 

involved in elevating the risk of fall-related fractures in elderly. These include 

age-related reduction in bone density, declines in liver metabolic capacity and 

reduced renal function (which may contribute to extending the duration of drug 

action), psychomotor impairment through CNS effects, medication induced 

orthostatic hypotension, dizziness, or blurred vision, effects on patient 

ambulation, and the occurrence of multiple effects caused by polypharmacy. In 

addition, another mechanism that could play a role in mediating the risk for 

fractures associated with medication use is represented by the potential effects 
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on the autonomic nervous system that regulates bone density (Maser et al, 

2009).  Several studies and meta-analyses have shown an increased fall risk in 

elderly users of diuretics, type 1a antiarrhythmics, digoxin and psychotropic 

agents (Leipzig et al., 1999).  

Medication with anticholinergic properties when used in geriatric 

population can cause falls, dizziness, and confusion in a significant proportion of 

patients (Rudolph et al., 2008). This study enrolled 117 male subjects, 65 years 

or older, treated in primary care clinics at the VA Boston Healthcare System 

between September 1, 2005, and June 30, 2006). They evaluated the risks 

associated with use of medication classified on a 0 to 3 scale according to their 

anticholinergic potential (0- limited or none; 1- moderate; 2-strong; and 3- very 

strong). 

A randomized trial confirmed that gradual withdrawal of psychotropic 

drugs reduces the risk of falling by 66% in elderly (65+) (Campbell et al., 1999).  

Studies showed that risk is increased significantly if a person is on more than 

four medications, irrespective of type (Feder et al., 2000). The use of four or 

more medications is associated with a nine-fold increased risk of cognitive 

impairment (Koski et al., 1996; Koski et al., 1998) and fear of falling (Friedman et 

al., 2002) and cognitive impairment adds to the increased risk for falls (Formiga 

et al., 2008). 

Table 2.4 below summarizes findings from studies evaluating the role of 

medication use in increasing the risk of falls and fractures; these studies describe 

medication associated side effects that could play an important role in increasing 

the risk of falls and, consequently, fractures. 
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Table.2.4 Summary of evidence for the risk of falls and fractures in relationship to medication use 

Study  Study design Main results Possible mechanism for fractures  

Mustard et al., 
1997 

Case-control study in NH 
residents in Canada 

Antipsychotics and anxiolytics/sedatives/hypnotics use 
increase the odds of injurious falls 

Increased risk of injurious falls including 
fractures due to psychomotor impairment 
produced by sedative action of psychotropic 
medications. 

Liu et al., 1998 Population-based case 
control, ≥65 years 

Antidepressants (SSRI, TCA*) increase the risk of hip 
fractures 

Fall-related hip fractures due to medication 
adverse effects: sedation, orthostatic 
hypotension,  arrhythmias, and confusion 

Wang et al., 
2001 

Population-based case-
control, ≥65 years 

Zolpidem (BZD*)≥3mg/d increase the risk of hip fractures Medication causing impaired cognition, impaired 
balance, and falls. 

Neutel et al., 
2002 

Case-crossover design, 
elderly 

Increase risk of falls in those receiving many drugs, or in 
those starting a new prescription of BZD* or antipsychotics 

N/A 

Aizenberg et 
al., 2002 

Hospital-based case 
control, elderly psychiatric 
patients 

Anticholinergic burden increases the risk of falls  N/A 

Chrischilles et 
al., 2001 

Retrospective cohort using 
claims from a large 
pension-plan database 

Initiation of nonselective alpha-antagonist therapy 
increases the risk of hypotension-related adverse events, 
including fractures 

Hypotension induced by medication initiation 
can lead to falls that can, consequently lead to 
fractures 

Souverein et 
al., 2003 

Population-based case-
control, adults ≥40 years 

Alpha-blockers increase the risk of hip/femur fractures Falls due to vasodilator effects of the drugs: 
dizziness, weakness, headache, postural 
hypotension, syncope  

Kallin et al., 
2004 

Prospective, NH residents Antidepressants and antipsychotics increase the risk of 
falls  

N/A 

Hartikainen et 
al., 2007 

Systematic review of drugs 
with effects on the CNS* as 
risk factors for falls 

Psychotropic medication is associated with increased risk 
of falling 

N/A 

Mamun et al., 
2009 

Hospital-based case-
control, ≥65 years 

Risk of falls in hospitalized patients was increased by 
medication use (hypnotics, cough preparations, anti-
platelets)  

N/A 

Nanda et al, 
2011 

Hospital-based case-
control, elderly in 
psychiatric care 

A falls risk tool, Fall Risk Assessment in Geriatric-
psychiatric Inpatients to Lower Events, was developed for 
assessment and risk stratification with new diagnoses or 
medications. BAM included in this risk score as they 
predicted falls. 

N/A 

Note: SSRI= serotonin reuptake inhibitors; TCA= tricyclic antidepressants; BZD= benzodiazepine;  
CNS= central nervous system;  
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Falls and fall-related fractures are important problems in elderly as they 

can lead to serious health-consequences and even death. They bring additional 

burden by increasing the level of dependency and the costs associated with care 

for the patient (Stevens et al. 2005). Several risk factors have been identified and 

medication was shown to be an important one in elderly. To our knowledge, there 

hss been no large study to evaluate the risk of fall-related fractures in relationship 

to BAM use. Two studies compared Oxybutynin and Tolterodine and included 

falls as secondary outcomes, but did not show any difference between the 

groups (Jumadilova et al, 2006; Gomes et al, 2011).  Given the existing evidence 

that suggests an increased risk for falls associated with drugs with anticholinergic 

properties, the addition of a BAM for managing urinary incontinence could cause 

more harm than good if the anticholinergic burden combined with the additive 

polymedication effect puts the patient at risk for falls and fall-related fractures. 

Factors Influencing Cognitive Function- The Possible Role of BAM 

Recently published research suggests that drugs with anticholinergic 

properties might result in cognitive decline and even precipitate dementia in 

elderly (Carriere et al., 2009; Cancelli et al., 2009) since the cholinergic system in 

the brain plays an important role in attention, awareness, and selection of 

relevant stimuli from the environment. Possible anticholinergic effects include 

ataxia, loss of coordination, pupil dilation, double-vision and blurred vision, 

disorientation, agitation, and confusion.  

The direct effect on the CNS depends on the ability of the drug to cross 

the BBB, an important protective mechanism. Factors that impact drugs’ ability to 

penetrate this physiologic barrier include lipophilicity, polarity, and molecular size. 

BAM are highly lipophilic, have a neutral charge or a low degree of ionization, 
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and are small in size; all these characteristics increase their ability to pass the 

BBB and exert an effect on the CNS (Cornford et al., 1999; Pak et al., 2003). 

Advanced age and different comorbidities (diabetes mellitus, Alzheimer’s 

disease, vascular dementia) can increase the BBB permeability and can inflate 

the risk of CNS adverse effects (Blennow et al., 1990; Starr et al., 2003; de 

Ridder, 2006). The potential BAM effect on the cognitive function is linked to their 

ability to bind to muscarinic receptors in the brain. Although all five muscarinic 

receptors have been identified in brain tissue, M1 receptors appear to play an 

important role in cognitive functioning, including attention, learning, memory (Kay 

et al., 2005; Abrams et al., 2006). 

Several factors can influence cognitive function in elderly. In elderly, 

factors like an increased BBB permeability, the additive anticholinergic burden, 

and coexisting conditions, could synergistically interact and result in an increased 

CNS risk from non-selective BAM.  

Different studies evaluated cognitive outcomes based on the ability of 

different BAM to cross the blood-brain barrier (BBB) and to exert effects on the 

muscarinic receptors in the CNS. A single-blind crossover design study on nine 

patients with Alzheimer disease showed that urinary incontinence medication 

produces cognitive, behavioral, and physiological changes as measured by the 

cognitive subscale of the Alzheimer's Disease Assessment Scale, the Mini-

Mental State Examination, the Neuropsychiatric Inventory and the Memory and 

Behavior Problems Checklist  (Jewart et al., 2005). Similarly, a randomized 

clinical trial on 150 healthy volunteers found effects of BAM impact on cognitive 

functions (delayed recall) and suggested differences in effects for different BAM  

depending on their selectivity for different muscarinic receptors; specifically, the 

study identified  significantly more important impairment associated with the non-
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selective BAM (Oxybutynin) as compared to the bladder-selective one 

(Darifenacin) (Kay et al., 2006). A recent retrospective cohort study conducted in 

a NH population evaluated the long-term functional and cognitive outcomes in 

elderly that received antimuscarinics concomitant to cholinesterase inhibitors; the 

authors concluded that those taking both medications had greater rates of 

functional decline as compared to those who only received cholinesterase 

inhibitors alone (Sink, 2008).  To our knowledge, no large observational studies 

were conducted with the purpose of evaluating BAM impact on cognitive 

performance in elderly with urinary incontinence. 

Urinary Incontinence and its Impact on Health-related Quality of Life 

The effect of urinary incontinence on health-related quality of life (HRQOL) 

has been described for community-dwelling older adults (Naughton et al., 1997) 

as well as for NH residents (Dubeau et al., 2006). Urinary incontinence was 

shown to reduce social interaction and physical activities, and to produce a 

feeling of guilt/depression, loss of self-esteem, fear of being a burden, fear of 

odor and lack of control (Milsom et al., 2001). As a consequence, generic and 

disease-specific HRQOL measurements were included as outcomes in 

observational studies on lower urinary tract dysfunctions including urinary 

incontinence, as well as primary or secondary end-points in randomized clinical 

trials assessing BAM (Diokno et al., 2002; Kelleher, 2002; Robinson et al., 2007; 

Zinner et al., 2009). These RCT showed significant improvement in QOL in those 

taking a BAM. 

Disease-specific instruments like Kings Health Questionnaire, Overactive 

Bladder Questionnaire, or Urogenital Distress Inventory, as compared to generic 

instruments, have the advantage of assessing the impact on different QOL 
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domains in direct relationship with lower urinary tract dysfunctions. However, 

they were sometimes criticized for being too specific, thus potentially missing 

important aspects related to disease’s impact on QOL (Hannestad et al., 2000). 

Some studies used generic HRQOL measures with demonstrated reliability and 

validity in several settings, the SF-36 (Ware et al., 1992), the EuroQol (EQ-5D) 

(EuroQoL Group, 1990), and the Health Utility Index 2 (HUI2) (Torrance et al., 

1996) in clinical research on patients with urinary incontinence and showed 

significantly negative impact on QOL across all domains (Mo et al., 2004; Currie 

et al., 2006). 

The majority of these studies were conducted in adults living in the 

communities and their results are unlikely to fully apply to the institutionalized 

elderly. The effects of urinary incontinence and its management on QOL is likely 

different in community-dwelling elderly as compared to the NH population. There 

are significant differences between these two populations with regard to 

functional and cognitive abilities, social and role functions, and the burden of 

comorbid disease, differences that could confound the QOL assessment. In order 

to address QOL in evaluating urinary incontinence’s impact it is important to have 

valid assessment instruments for NH residents. The aforementioned disease-

specific QOL instruments (e.g., the Incontinence Impact Questionnaire, the Kings 

Health Questionnaire) are not yet validated in frail or functionally and cognitively 

impaired populations (Dubeau, 2006). Recently, the MDS-derived Index of Social 

Engagement scale was used to evaluate the impact of urinary incontinence on 

QOL in NH residents. Social engagement is defined as the ability to initiate social 

interaction and to be receptive to social overtures from others, including the 

formation of social ties, contact, and interactions. It is distinct from 

depression/anxiety, conflicted relationships, and problematic behaviors (Mor et 
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al., 1995) and was shown to be considerably influenced by urinary incontinence 

in adults living in the community (Milsom et al., 2001). Similarly, Dubeau et al. 

showed that change in continence status was strongly correlated with a change 

in the MDS measure of social engagement as a measure of QOL, independent of 

cognitive and functional decline (i.e. improvement in urinary incontinence 

resulted in improvement in social engagement as measured by MDS-ISE). 

However, the study did not incorporate information on the type of urinary 

incontinence management (i.e. pharmacologic and/or behavioral interventions). 

In a study by Mo et al., HUI was used to measure the quality of life for 

individuals living with various chronic conditions (including urinary incontinence) 

and showed that urinary incontinence had a negative impact on QOL. In 2003, 

Wodchis and collaborators developed MDS-Health Status Index (MDS-HSI), a 

generic HRQOL instrument using elements from MDS and mapping them to the 

HUI2. In a recent study conducted among NH residents, MDS-HSI was directly 

compared to the classic HUI2 and was shown to provide analogous group-level 

results (Wodchis et al., 2007). Considering these results, it seems reasonable to 

use MDS-HSI as a substitute for the HUI2 in group-level comparisons when HUI2 

survey data are not available.  

Previous research showed that urinary incontinence has a significant 

impact on the HRQOL as measured by disease- specific or generic instruments. 

In addition, there is an indication of a positive impact on QOL with improvement 

in urinary incontinence. The availability of MDS derived instruments that were 

validated as measures of QOL provides a good opportunity to evaluate the 

potential BAM effect on the QOL in NH residents. 
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Previous Research Using MDS Assessments in the VA NH Population 

Previous studies used MDS assessments and MDS derived instruments 

for large retrospective studies addressing different healthcare issues and health-

related outcomes in the VA NH population. Important findings from these studies 

are summarized below to support design-related decision process for this 

research. 

MDS assessments were the source used to identify cohorts of NH 

residents admitted for long-term care. For example, French et al. conducted a 

series of studies involving 6554 long-stay nursing home residents in the VA CLC 

(French et al., 2007a; French et al., 2007b; French et al., 2008a; French et al., 

2008b). These veterans were identified using the MDS assessments; residents 

were defined as long-term and were included in the analysis if they had an 

annual assessment during FY 2005. By linking MDS with other VA data sources, 

they were able to combine the information from the various sources and use 

them in the data analysis. In one study, they developed a multivariate fall risk 

assessment model based on the information from the MDS assessments; the 

model empirically confirmed the relative importance of certain risk factors for falls 

in long-term care settings. In other studies, they linked MDS to other sources of 

data from the VA system (i.e. inpatient pharmacy records, the national Veteran 

Health Administration discharge dataset). They estimated drug costs and use by 

drug classes, and described hospital admissions for long-stay NH residents.  

The longitudinal follow-up with periodic evaluations enables the use of MDS to 

identify large range of ‘new events’. In a recent study, MDS variables (cognitive 

impairment, mood, behavior problems, activities of daily living and wandering) 

recorded at admission and a minimum of two other time points at quarterly 

intervals were used to explore the extent of and factors associated with male 
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residents who change wandering status post NH admission (King-Kallimanis et 

al., 2010). With the advantage of this longitudinal evaluation of NH residents, the 

authors concluded that a resident's change from non-wandering to wandering 

status may reflect an undetected medical event that affects cognition, but spares 

mobility. 

Another important aspect in using MDS comes from the ability to construct 

various instruments to reflect more complex domains than the individual MDS 

items are capable to measure. Van der Steen et al. included VA and Dutch NH 

residents diagnosed with moderate to severe dementia and used MDS items to 

create a MDS-derived definition for severe dementia (Van der Steen et al., 2006). 

They proposed a definition combining the evaluation of cognitive performance 

with activities of daily living: a resident would be considered severely demented if 

he/she had a Cognitive Performance Scale score of 5 or 6 with a minimum score 

of at least 10 points on the MDS Activities of Daily Living-Short Form. 

The MDS was used and validated in previous research and provided us 

with the opportunity to evaluate outcomes and potential confounders not 

available from administrative data sources. Moreover, the addition of the MDS 

helped address one of the potential limitations of using VA administrative data 

sources exclusively in secondary studies- the out-of-system care.  

Summary 

To date, the management for urinary incontinence consists in a combined 

approach (drug therapy and behavioral interventions); an accurate estimate for 

the prevalence of medication use in long-term care facilities is yet to be 

established. These frail elderly living in NH are likely on multiple drugs regimens 

possibly including many drugs with anticholinergic effects, thus at increased risk 
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for medication-related adverse effects. The addition of a medication regimen (i.e. 

BAM) could provide individuals with the benefit of a better urinary incontinence 

management and QOL, but it could also increase their risk for undesirable health 

outcomes. Despite the indisputable importance of a proper disease 

management, safety should also be considered. The question whether more NH 

residents could benefit from a better disease management for urinary 

incontinence by increasing medication use does not have an easy answer. 

Previous research suggested that BAM pharmacologic properties combined with 

age and comorbidities induced changes in the BBB have the potential to 

determine cognitive functioning impairments. Along with the recognized 

anticholinergic side effects (e.g. blurred vision and dizziness) these could lead to 

an increase risk for falls and fall-related fractures. In contrast, studies also 

showed the negative impact of urinary incontinence on QOL and suggest that 

medication would play a positive role in improving these outcomes. 



29 
 

 

 

CHAPTER III- METHODS 

Study overview 

In 2002, the Centers for Medicare and Medicaid Services (CMS) NH 

Quality Initiative included urinary incontinence as a NH care quality indicator with 

an emphasis on prevention and proper management (U.S. Department of Health 

and Human Services [DHHS] CMS, 2006). However, this condition does not 

benefit from any curative intervention and there are no well-defined guidelines for 

pharmacological treatment in institutionalized elderly. 

This research was conducted with a threefold purpose: (1) to describe the 

patterns of BAM use in VA CLC, (2) to quantify beneficial and (3) to quantify 

harmful outcomes of BAM use in an attempt to clarify the proper role of 

medication use in management of urinary incontinence in the NH setting. 

The study was conducted by assembling a retrospective cohort of 

residents admitted for long-term care in the VA CLC and residing in these 

facilities between FY 2003 and FY 2009. For each patient an index date defined 

the cohort start date; this was either the first date of BAM use in the NH or a date 

matched for fiscal year at admission and assessment type among non-users. 

Data were collected from the MDS, as well as from VA enrollment, medical 

reimbursement and pharmacy records. As described previously, the quality and 

completeness of the VA MDS data improved over time; the first year of 

mandatory MDS data collection in the VA CLC was 2001, but data is considered 

of appropriate quality for research purposes starting with fiscal year (FY) 2003. 

Considering all these, we focused on a study period from FY 2003 through FY 

2009.  The year prior to the index date was used for construction of disease and 

medication histories; therefore, medical and pharmacy files from FY 2002 were 
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also included to evaluate medical history for subjects admitted in the nursing 

home during FY 2003.  

For aim 1, in this population we described the important predictors of  

receiving different BAM, including demographics, baseline disease history, 

standardized measures of resident’s cognitive, behavioral, functional, and 

medical stability status, and facility characteristics. Prevalent and incident BAM 

were identified, and the aforementioned characteristics were evaluated as 

predictors of BAM initiation in the NH.  

For aim 2, new BAM users were compared with propensity score matched 

non-users for subsequent fracture risk; In addition, cognitive status was 

assessed throughout the follow-up period and generalized estimating equations 

(GEE) were used to evaluate cognitive decline in relationship to BAM use. 

For aim 3 we determined the effect of BAM on improving the frequency of 

urinary incontinence episodes and QOL through measurements derived from 

MDS and evaluated using the GEE method.  

Database Description 

Of all the long term care programs and services, VA CLC has one of the 

richest databases available for research. This project utilized data from VA 

enrollment files, inpatient and outpatient administrative medical files, inpatient 

and outpatient pharmacy records, and MDS. Medical and pharmacy records one 

year prior to the index date were used for construction of disease and medication 

histories; as a consequence, for those subjects in the nursing home during FY 

2003, data from FY 2002 was included, although the study follow-up started 

during FY 2003.  Except for MDS, the administrative records datasets were 

readily available from the Center for Comprehensive Access & Delivery 
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Research and Evaluation (CADRE) at the Iowa City VAMC (formerly known as 

Center for Research in the Implementation of Innovative Strategies in Practice- 

CRIISP).  The MDS data were obtained after approval within the VA Office of 

Patient Care Services system through a standardized data request process. This 

study was approved by the University of Iowa Institutional Review Board and the 

Iowa City Veterans Affairs Research and Development Committee. 

Assessment Data: The Minimum Data Set 

The Long Term Care MDS represent a rich source of information that can 

complement medical and pharmacy records. MDS is a standardized tool 

developed for comprehensive assessment of residents of long-term care facilities 

and is mandatory in all of the VA CLC. MDS items are completed within 7 days of 

NH admission and repeated quarterly thereafter and at discharge. Significant 

changes in the residents’ health status also require additional assessments. The 

MDS collects information on each resident’s physical, psychological, cognitive 

and psycho-social functioning as well as assessment of end-stage disease (6 

months or less to live), geriatric problems (e.g. falls and balance performance 

test, delirium, urinary incontinence and catheter use, pressure sores, height, 

weight, weight loss, weight gain), and demographic characteristics (education, 

life occupation) that are not well-identified in administrative files data (see Table 

3.1).   
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Table 3.1:  Minimum Data Set assessment sections 

1. Demographic Information 10. Health Conditions 

2. Cognitive Patterns 11. Oral/Nutritional Status 

3. Communication/Hearing Patterns 12. Oral/Dental Status 

4. Vision Patterns 13.Skin Condition 

5. Mood and Behavior Patterns 14. Activity Pursuit Patterns 

6. Psychological Well-being 15. Medications 

7. Physical Functioning and Structural Problems 16. Special Treatments and Procedures 

8. Continence in last 14 days 17. Discharge Potential and Overall Status 

9. Disease Diagnosis 18. Assessment information 

 
 
 
 

Administrative Files 

Medical- Inpatient and Outpatient Files: Patient Treatment File- Extended files 

This data source includes information on all VA hospitalizations and 

outpatient care. Key data elements include: demographic and socioeconomic 

information, military service-related disabilities, primary and secondary diagnoses 

and procedures, as defined by International Classification of Diseases, 9th 

Clinical Medication (ICD-9-CM) codes, admission source (e.g., transfer from 

another hospital), admission and discharge dates, and discharge disposition. 

Pharmacy Records 

VA pharmacy prescription and dispensing information is available for 

researchers from three main sources: (1) Veterans Health Information Systems 

and Technologies Architecture (VistA), (2) Pharmacy Benefits Management 

(PBM) Database, and (3) Decision Support System (DSS) National Data Extract 

(NDE) Pharmacy SAS® Datasets. While all prescription orders are captured at 

the local level in VistA, PBM and DSS originate from VistA extracts (See Figure 

3.1). PBM and DSS pull data from all facilities to create national files. 
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Figure 3.1: Flow of Pharmacy Prescription Data from Vista to Researcher 
Accessible Decision Support System and Pharmacy Benefits Management Data 
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For this research we used DSS-NDE datasets which are comprehensive, 

recording all aspects of prescription drug therapy across inpatient and outpatient 

settings (Smith et al., 2003). Prescription data include limited patient information, 

details about the condition being treated, and an indicator linkable to National 

Drug File records, thus allowing for richer medication description (Arnold et al., 

2003). The drug codes in VA Pharmacy Database have an estimated accuracy of 

97.1% (Arnold et al., 2006). 

These records represented the source of information for determining 

exposure to BAM, including detailed description of the drug dispensed (generic 

name: Oxybutynin, Tolterodine, or other type; slow-acting vs immediate-release) 

and exposure-time. They were also used to construct medication covariates. 

 
 
 

Table 3.2: Data elements in pharmacy databases 

Category  Available information 

Medication   National Drug Code 
Product Name 
VA Drug Class 
National formulary indicator 
National Formulary 
Restrictions 
 

Dispensing details Fill Date 
Prescription Number 
Total Quantity Dispensed 
Dispensing Unit 
Day SupplyNew Fill/Refill/Partial 
Dosing Instructions 

 
 
 

Source Population 

Our study population was identified using MDS assessments data from 

the VA operated nursing homes between FY 2003 and FY 2009. According to a 

VA report, from 2000 through 2004, the average daily census across all VA NH 
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ranged from 11,000 to more than 12,000 residents; VA guidelines required 

admission assessments on all residents admitted for 14 days or more (VA Long 

Term Care GAO Report 2004, 2006).  

Figure 3.2 below maps the distribution of the Veterans integrated service 

network (VISN) Regions. Each region operates one or more Community Living 

Centers. 

 
 

 

 

 

 

 

 

 

Figure 3.2: Distribution of Veterans Integrated Service Network Regions 

 
 
 

Study Design 

We designed a retrospective cohort study using the new-user approach. 

Index date definition and baseline selection 

For new-users, the index date was identified as the first date a BAM was 

prescribed during their NH stay. In this group, the baseline characteristics were 

measured from the last MDS assessment conducted before the index date and 

from administrative data in the one year before the index date.  



36 
 

 

 

In order to assure comparability of baseline data source and time spent in 

the nursing home, for those identified in the nonusers group, index dates were 

chosen such that the distribution of baseline assessment type (admission versus 

periodic) was matched to that among BAM new-users. In order to accomplish 

this, based on the distribution of new-users, for each FY, non-users were first 

randomly assigned to have their baseline evaluation based as either their 

admission or a periodic assessment. Next, an index date was randomly chosen 

such that the baseline assessment type was the one assigned earlier.  

Subject Selection 

For our study, inclusion criteria were the following: (1) veteran residing in a 

VA CLC facility and admitted during FY 2003-2009; (2) age 65 and older at 

admission; (3) admitted for long-term care. Residents were excluded if they (1) 

were comatose at admission in the NH; or (2) were confined to bed. In addition, 

those identified with important risk factors (.e.g. bone cancer) were excluded 

from the fracture risk analysis. 

We included in the long-term care pool only those residents who had been 

in a VA CLC facility for a minimum of 90 days (operationally defined as having at 

least one quarterly assessment following the admission assessment). We are 

aware that this definition resulted in the exclusion of residents who were admitted 

with the intention for long-term care but who died or were transferred before 

residing in the facilities for the required minimum time. However, the MDS data 

does not provide a better method to identify intent for long-term versus 

rehabilitation care. The approach was based on previous research and it ensured 

that the sample included only long-term care. 
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Measures 

Exposure to Bladder Antimuscarinics 

Exposure to the drugs of interest was assessed using the VA class list and 

a variable in the DSS (feeder key) pharmacy prescription records. The first five 

digits in in the feeder key contain an Internal Entry Number (IEN) which points to 

the entry in the VistA VA Product File for the drug dispensed and the last 12 

digits contain the 12-digit version of the National Drug Code. The IEN was used 

to identify all of the drugs containing a certain active ingredient. The list of drugs 

included in the BAM group along with their corresponding IENs is listed in 

Appendix 1. Both immediate-release (IR) and slow-acting (SA) drugs were 

included. 

Medication was considered active from the first prescription after 

admission in the NH and the date on the first BAM prescription record was 

defined as the index date for the exposed group. Exposed person-time was 

determined from the dispensing dates and gaps between two consecutive 

records, as documented in the automated pharmacy records. Exposure to 

medication started on the initial date a BAM was dispensed and extended until 

the earliest of: (1) discontinuation of therapy, calculated as 7 days following the 

last prescription record; (2) death; (3) discharge from the NH; (4) the end of the 

study period. 

For patients included in the comparison group of BAM non-users, follow-

up person-time started on the assigned index date  and was extended until the 

earliest of 1) death; 2) the end of follow-up; 3) the end of the study period. 

Since this was a new-users design the following criteria were considered when 

deciding our new-user definition: 
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a. The urinary incontinence management guidelines for NH patients require 

a combination of behavioral approaches with or without pharmacological 

interventions; the implementation of these guidelines is evaluated through 

NH care quality indicators. If a NH resident becomes urinary incontinent, 

medication should be initiated only after a 3 days trial of prompted-

voiding/behavioral interventions. 

b. The medication administered to a VA CLC resident during the NH stay is 

prescribed and dispensed similarly to an inpatient setting. Patients are not 

permitted to bring and use medication from home.  Any chronic medication 

prescribed before a NH admission is continued and a NH inpatient 

prescription order is placed within 12 hours after entering the facility.  

Based on the information above, we defined the following users’ categories (see 

Figure 3.3 below): 

1. New user: an individual who’s first dispensing of a BAM occurred more 

than 3 days after being admitted in a VA NH and who did not have any 

BAM prescription one year prior to this first prescription date. Since out-of-

system care would not be observable using VA data, in order to assure 

the accuracy of this definition, we required pharmacy prescriptions, 

outpatient visits, and/or hospital admission in a VA facility in the year 

before the NH admission. 

2. Prevalent user: an individual who is using BAM immediately after NH 

admission (first prescription ≤ 3 days after admission) or who had 

prescriptions in the year prior to the NH admission and during the NH stay 

included in the study. 

3. Former user: an individual with at least one BAM prescription in the year 

prior to the NH admission. These users were excluded from the analysis. 
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Figure 3.3: Definition of bladder antimuscarinics users 

 
 

Outcomes 

Hip Fracture 

New hip fractures during follow-up time were identified by combining the 

information from three VA data sources: hospital discharges, outpatient visits, 

and MDS assessments as described below.  

In the inpatient discharges records we looked for specific ICD9 codes for 

hip fractures (808.xx, 820.xx, or 821.xx) in any diagnostic field (Chrischilles et al., 

2001; van Lenthe et al., 2011) and the date of the event date was considered as 

the date of the hospital admission date. 
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Similarly, in the outpatient visits records we looked for the aforementioned 

ICD9 codes in any diagnostic field and the event date was assigned as the date 

of the outpatient visit.  

The MDS assessments reported whether the individual had sustained a 

hip fracture in the 180 days before the assessment. If the answer was ‘yes’, a 

new fracture was considered to have happened only if the previous assessment 

did not have any indication of a hip fracture. 

After hip fractures were identified from all the sources, we evaluated their 

overlap.  

For hip fractures identified from outpatient visits exclusively we verified 

further before deciding whether that was a new event; specifically, we looked in 

the year before the visit date for any hospitalizations with a hip fracture code 

listed in any of the diagnosis fields; if inpatient data was identified, the hip 

fracture was considered an ‘old’ fracture and was excluded from the analysis.  

Similarly, for the fractures identified from MDS only, we evaluated inpatient and 

outpatient data sources looking for hip fracture ICD9 codes in the year prior to 

the MDS assessment date.  

A hospital discharge provides a more precise hip fracture ascertainment; 

however, the potential for out of the system care for VA beneficiaries is a known 

issue. Based on this and considering the fact that hip fractures are rare events, 

we decided to include all of the fractures we identified, regardless of their 

identification source. About 1/3 of the new fractures identified in our cohort did 

not have any inpatient and/or outpatient record. 

When combining the information from the three sources of data, the final hip 

fracture definition was as follows:  
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- If the fracture was identified through a hospital discharge or an outpatient 

visit, the date of the event was considered the earliest date of the two. 

- If the fracture was identified from MDS exclusively, the midpoint date 

between the two MDS assessments dates described above was assigned 

as the event date. 

The follow-up time for the fracture analysis was calculated from the index 

date; the ‘end’ date was considered for the exposed and control group as follows: 

- New-users: the earliest of: 

o Discontinuation of therapy defined as seven days after the last 

prescription of a BAM during the NH stay. This approach allowed 

for gaps in exposure; however, given the random assignment for 

the fracture date for those fractures identified from MDS exclusively 

and the small number of fractures, a more precise measure of 

exposure could have led to outcome misclassification. In order to 

account for these gaps, each follow-up day was classified as 

exposed or unexposed and an indicator for the exposed time 

relative to the total follow-up time was included in the analysis. 

o Outcome (hip fracture) 

o The end of the NH follow-up: 

 Admission to a non-VA acute care facility- Identification of a 

NH discharge code ‘discharge, return anticipated’ without 

identifying an admission to a VA acute care facility- the 

individual was censored at the time of the NH discharge 

because of the discontinuation in follow-up;  

 Identification of a MDS reentry assessment without a  

discharge code on a prior assessment and without 
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identifying an admission to a VA acute care facility- the 

individual was censored at the time of the last MDS 

assessment before reentry 

 A gap of more than 100 days between two consecutive 

periodic assessments without identifying an admission to a 

VA acute care facility sometime between the two 

assessments- the individual was censored at the time of the 

first periodic assessment of the two 

 Discharge from the NH (discharge code ‘discharge, return 

not anticipated’) 

 Death  

 The end of the study period 

- Non-users: 

o Outcome (hip fracture) 

o The end of the NH follow-up (see above) 

o Death  

o The end of the study period. 

Any Fracture 

This outcome was defined using an algorithm that was similar to the one 

used for identifying hip fractures by combining the information from three VA data 

sources: hospital discharges, outpatient visits, and MDS assessments. 

The ICD9-CM codes included all fractures code (800.xx-829.xx); from MDS two 

items were included:  ‘Hip fracture in last 180 days’ and ‘Other fracture in last 180 

days’. For those that experienced multiple fractures, only the first one was 

included in this analysis. 



43 
 

 

 

Cognitive Status 

Cognitive status in NH residents can be evaluated through different 

instruments that were developed using MDS elements. The most frequently used 

scales are the Cognitive Performance Scale (CPS) and the MDS- Cognition 

Scale (MDS-COGS). Both scales are calculated from a set of 10 cognitive items 

and one functional item, but CPS is hierarchical, whereas MDS-COGS is 

additive. CPS was developed using the Mini-Mental State Examination (MMSE) 

(Folstein et al., 1975) and the Test of Severe Impairment (TSI) (Albert et al., 

1992) as criterion measures, whereas MDS-COGS was constructed from the 

Global Deterioration Scale (Hartmaier et al., 1994). Both instruments have high 

internal consistency and moderate construct validity when compared with the 

Mini-Mental State Examination and the staff rating on the Psychogeriatric 

Dependency Rating Scale (Hartmaier et al., 1995; Morris et al., 1994). The CPS 

is not as sensitive as MDS-COGS in capturing the severe cognitive decline 

(Hartmaier et al., 1994). However, CPS can be calculated from items required on 

all assessments but MDS-COGS require items present only on full MDS 

assessment form. Moreover, the internal consistency for CPS was shown to be 

higher without the comatose item, one of our study’s exclusion criteria (Gruber-

Baldini et al., 2000). Considering all these, in this study we used CPS as the 

measure for the cognitive status for our study population.  

Figures 3.4 and 3.5 illustrate the scoring mechanism for CPS (Morris et al., 1994) 

and the algorithm used in calculating the score. 

CPS combines information on memory impairment, level of 

consciousness, and executive function, with scores ranging from 0 (intact) to 6 

(very severe impairment). The CPS has been shown to be highly correlated with  
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Figure 3.4 Construction of Cognitive Performance Score 
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Figure 3.5: Cognitive Performance Scale Scoring Algorithm
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the MMSE in a number of validation studies.  The MDS parameters included are 

as follows: 

(1) Comatose (item B1) – this is part of exclusion criteria and was not 

considered for calculating our outcome variable 

(2) Problem with short-term memory (item B2a) 

(3) Cognitive skills for daily decision making (item B4) 

(4) Being understood by others (item C4) 

(5) Activities of daily living (ADL) self-performance in eating (item G1ha). 

Improvement of the Urinary Incontinence Symptoms 

This outcome was measured by combining two elements from the MDS 

assessments- the bladder control rating and the ‘change in urinary incontinence’ 

variable (Table 3.3). The MDS bladder control rating instrument (see below) 

evaluates urinary incontinence on a 5-point scale from 0 (complete control) to 4 

(inadequate control with multiple daily episodes of urinary incontinence). This 

measure is reliable (inter-rater reliability = 0.90) and valid (good correlation with 

research staff wet checks) (Hawes et al., 1991; Hawes et al., 1995; Crooks et al., 

1995; Resnick et al.,1996). We evaluate improvement by constructing a 

dichotomized variable (improvement yes/no) based on the information available. 

Specifically, improvement was defined as when either improvement was checked 

on the ‘change in urinary incontinence’ variable and/or the score on the bladder 

control rating improved between two MDS assessments.  
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Table 3.3. Minimum Data Set elements for defining  
improvement in urinary incontinence 

SECTION H: CONTINENCE IN LAST 14 DAYS 

H1 CONTINENCE SELF-CONTROL CATEGORIES 
  

 
(Code for resident's PERFORMANCE OVER ALL SHIFTS) 

 

 

0. CONTINENT- Complete control (includes use of indwelling catheter that does not leak urine) 

 

1. USUALLY CONTINENT- BLADDER incontinent episodes once a week or less 

 

2. OCCASIONALLY INCONTINENT- BLADDER 2 or more times per week, but not daily 

 3. FREQUENTLY INCONTINENT- BLADDER tended to be incontinent daily, but some control present 

 

4. INCONTINENT- Had inadequate control BLADDER, multiple daily episodes  

  

H4 
  

CHANGE IN URINARY 
CONTINENCE 

Resident's urinary continence has changed as compared to status of 90 
days ago (or since last assessment if less than 90 days) 

0. No change 1. Improved 2. Deteriorated 

 

 
 

Quality of Life Outcomes 

Medication use may influence quality of life (QOL) by both tolerability of an 

agent (side effects) and the extent to which it relieves urinary symptoms.  The 

balance of these effects determines whether an agent improves an individual’s 

ability to function physically, emotionally, and socially.  

Social engagement, the extent to which an individual is active and 

embedded in a social context, was shown to be an important predictor for 

psychosocial well-being, an important QOL domain (Mor et al., 1995; Gerritsen et 

al., 2004). In elderly admitted for long-term care in NH, higher levels of social 

engagement were shown to decrease mortality (Kiely et al., 2003). A recent 

study by Dubeau et al. evaluated QOL in NH residents with urinary incontinence 

using a measure of social engagement derived from the MDS (Dubeau et al., 

2006). This scale is reliable and valid and emphasizes positive social behavior 

and assesses a resident's willingness to participate in social opportunities and to 

initiate actions that engage the resident in the life of the NH (Dubeau et al., 

2006). 
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In this research we examined indicators of quality of life from MDS ratings. 

From the periodic MDS assessments we constructed the MDS-QOL index for 

psychosocial well-being (MDS-Index of Social Engagement; MDS-ISE) (Mor et 

al., 1995); in addition, a MDS-based generic scale, the MDS-Health Status Index 

(MDS-HSI),  was considered to evaluate the overall QOL. 

The MDS-Index of Social Engagement, MDS-ISE describes the 

individual's sense of initiative and involvement in social activities (Table 3.4). The 

scale was validated in a nursing home population by comparing its scores with 

actual time spent in activity programs. MDS-ISE was calculated from six MDS 

items scored dichotomously as positive versus absent and ranges from 0 (severe 

withdrawal) to 6 (high level of participation and initiative). Intraclass reliability 

between research and facility nurses for the items ranges from 0.51 to 0.64 

(Hawes et al., 1995) and the instrument is internally consistent (Cronbach α= 

0.79) (Mor et al., 1995). MDS-ISE is in accordance with the World Health 

Organization definition of QOL ‘‘incorporating . . . physical health, psychosocial 

state, level of independence, social relationship, personal benefits and 

relationships to salient features in the environment’’ (Health Promotion Glossary, 

1998). Social engagement is directly related to important QOL domains specified 

for NH residents (including those with dementia): autonomy (taking of initiatives), 

individuality (expression of preferences and pursuance of interests), and 

enjoyment (verbal and nonverbal expressions), meaningful activity (partake in 

discretionary behaviors that are interesting, stimulating, and worthwhile), 

relationships, and functional competence (independent function in keeping with 

abilities and preferences) (Kane et al., 1999).
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Table 3.4. Minimum Data Set -Index of Social Engagement 

At ease interacting with others (item F1a) Consider how the resident behaves during the time you are together and reports of how the resident 
behaves with other residents, staff, and visitors. Residents who try to shield themselves from being 
with others, spend most of their time alone, or become agitated when visited are not “at ease with 
others.” 

At ease doing planned or structured activities 
(item F1b) 

Consider how the resident responds to organized social or recreational activities. Residents who feel 
comfortable with the structure or not restricted by it are “at ease with doing planned or structured 
activities.” Residents who are unable to sit still in organized group activities and act disruptive or make 
attempts to leave or refuse to attend such activities are not “at ease with doing planned or structured 
activities.” 

At ease doing self-initiated activities (item F1c) These include leisure activities (e.g., reading, watching TV, talking with friends) and work activities 
(e.g., folding personal laundry, organizing belongings). Residents who spend most of their time alone 
and unoccupied or who are always looking for someone to find something for them to do are not “at 
ease doing self-initiated activities.” 

Establishes own goals (item F1d) Consider statements the resident makes, such as “I hope I am able to walk again,” or “I would like to 
get up early and visit the beauty parlor.” Goals can be as traditional as wanting to learn how to walk 
again after hip replacement or wanting to live to say goodbye to a loved one. Some goals may not be 
verbalized by the resident but may be inferred in that the resident is observed to have an individual 
way of living at the facility (e.g., organizing own activities or setting own pace). 

Pursues involvement in life of facility (item F1e) Consider whether the resident partakes of facility events, socializes with peers, and discusses 
activities as if he or she is part of things. Residents who convey a sense of belong to the community 
represented by the nursing home or the particular nursing unit are “involved in the life of the facility.” 

Accepts invitations into most group activities 
(item F1f) 

Residents who are willing to try group activities even if they later decide the activity is not suitable and 
leave or who do not regularly refuse to attend group programs “accept invitations into most group 
activities.” 
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For the overall assessment of the HRQOL as one of our outcomes 

variables we used a generic QOL instrument derived from the MDS - the MDS-

Health Status Index (MDS-HSI). This instrument was originally constructed by 

mapping the Health Utilities Index Mark 2 (HUI2) with elements from MDS.  

The HUI2 attributes range from severely impaired to no impairment/normal on a 

four or five levels scale. This scale uses standard gamble-based Canadian 

community preference weights to obtain a cardinal index of HRQOL with a range 

of -0.02 through 1.0, where a score of 0 represents dead and 1.0 represents the 

best possible health one could expect to achieve (Furlong et al., 2001; Torrance 

et al., 1996). A negative score implies health states worse than dead. A 

difference of 0.03 or more on an overall score is considered clinically important 

based on cross-sectional and longitudinal comparisons of known groups 

(Drummond, 2001).  

The MDS-HSI instrument encompasses six attributes to define health 

states: cognition, self-care, mobility, sensation (vision, hearing, and speech), 

emotion, and pain (Furlong et al., 2001; Torrance et al., 1996). After mapping 

specific MDS elements to each attribute of the HUI2 classification system, scores 

are assigned using the HUI2 preference weights (Phillips et al., 1997). Previous 

studies have shown a good relationship between the HUI2 and the MDS-HSI in 

older community dwelling and institutional long-term care residents (Wodchis et 

al., 2003). Also, MDS-HSI has good construct and convergent validity; MDS-HSI 

scores and related summary functioning scores are highly correlated (Wodchis et 

al., 2003 and 2007). Table 3.5 below presents the mapping system that Wodchis 

et al. used for creating MDS-HSI (Wodchis et al., 2003).
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Table 3.5. Minimum Data Set -Health Status Index mapping to 

 Health Utility Index 2 
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Exploratory Outcomes 

In an attempt to have a better understanding of the potential effects of 

BAM in this population, additional outcomes were explored. Mortality and bowel 

effects (constipation and fecal impaction) were evaluated in relationship to BAM 

initiation. Cardiovascular outcomes (arrhythmia) were also considered, but not 

included in the analyses based on data availability. Specifically, MDS does not 

allow for identification of a new arrhythmia case; the only available option was to 

define the outcome based on ICD-9 codes (427.1, 427.4, 427.41, 427.42, 427.5, 

798.1, and 798.2). However, as discussed earlier in the hip fracture definition, 

using ICD-9 codes will likely introduce outcome misclassification due to a low 

sensitivity.  

Mortality 

The date of death (DOD) was available from multiple sources and all-

cause mortality was evaluated as part of the exploratory analyses. Data from the 

following sources was combined to identify DOD for those included in our cohort: 

a. MDS- if item r3a (discharge status) = 8 (deceased) then DOD=date of 

discharge (item r4) 

b. Inpatient, long-term care – type of discharge=death, with autopsy 

(distype=6) or type of discharge=death, without autopsy (distype=7) then 

DOD= date of discharge (disday) 

c. Inpatient, acute care- DOD variable 

In the situation when DOD was available from multiple sources without perfect 

overlap, the earliest date was adjudicated as the final DOD. 
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Bowel Effects 

These outcomes were explored as potential parasympathetic BAM adverse event 

and were measured using the MDS items H2b (constipation- yes/no) and H2d 

(fecal impaction- yes/no). 

   

Covariates 

Demographics 

The demographic section on the full MDS assessments provided 

information on demographic characteristics for all the subjects included in our 

study. 

Age was calculated based on the date of birth and the index date and was 

evaluated as both continuous and categorical variable (as described in the 

statistical analysis section below). Since our study population only included 

subjects 65 or older, the following age categories were created: (1) 65 to 69, (2) 

70 to 74, (3) 75 to 79, (4) 80 to 84, and (5) 85 and older. 

Gender was coded as “Male” or “Female”.  

Race and ethnicity variables were available and were originally coded as: 

(1) American Indian/Alaskan Native, (2) Asian/Pacific Islander, (3) Black, not of 

Hispanic origin, (4) Hispanic, (5) White, not of Hispanic origin. For the purposes 

of this investigation, White, Black, and other (including American Indian/Alaskan 

Native, Asian/Pacific Islander, and Hispanic) were the main categories 

considered. 

When discrepancies were found (different values assigned to the same 

unique scrambled SSN), the discrepancy was resolved by noting which value 

was coded on the bulk of the MDS assessments.  
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In addition to these personal demographic characteristics, information on 

the VISN where the CLC was located and information on the FY at admission in 

the nursing home were incorporated in our analyses.    

Baseline Conditions and Comorbidities Measures 

Selection bias may result in differences in comorbidity at baseline. As 

different treatment decisions may be influenced by underlying comorbidities 

these need to be measured as accurately as possible. In this analysis, baseline 

conditions and comorbidities were measured from data collected during the 

routine MDS assessments and also from inpatient and outpatient administrative 

files. 

The Elixhauser modified by Quan algorithm (Elixhauser et al., 1998; Quan 

et al., 2005) was used to identify important confounding conditions. This 

diagnosis-based algorithm originally consisted of 30 conditions, each marked 

with a dichotomous indicator variable using ICD-9-CM codes from the available 

inpatient administrative data (Elixhauser et al., 1998; Quan et al., 2005). The 

algorithm was modified to also include outpatient administrative data 

(Groeneveld et al., 2009; Weinhandl et al., 2009; Li et al., 2010). A full list of the 

Quan modified Elixhauser conditions and associated ICD-9 codes are included in 

Table 3.6.  

Conditions that have been reported to be potential risk factors for the 

study outcomes or with unknown relationship to the outcome(s) but likely to be 

associated with exposure to BAM were included (see Table 3.6). In addition, we 

created a variable indicating the number of comorbidities identified through the 

Elixhauser algorithm, and an indicator of whether the person had any 

hospitalizations and/or outpatient visits for a comorbidity included in this 

algorithm.  
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Table 3.6: List of comorbidities (Quan-Elixhauser and Minimum Data Set) 

Condition ICD-9 codes 
MDS 

assessment 
Included in the 

analysis (source) 

Quan modified Elixhauser 
algorithm 

      

Congestive heart failure 398.91, 402.11, 402.91, 404.11, 404.13, 404.91, 
404.93, 428.0-428.9  

Item I1f Yes (ICD-9 
combined with MDS) 

Cardiac arrhythmias 426.10, 426.11, 426.13, 426.2-426.53, 426.6-
426.89, 427.0, 427.2, 427.31, 427.60,427.9, 785.0, 
V45.0, V53.3 

Item I1e Yes (MDS) 

Valvular disease 093.20-093.24, 394.0-397.1, 424.0-424.91, 746.3-
746.6, V42.2, V43.3 

 No 

Pulmonary circulation disorders  416.0-416.9, 417.9  No 

Peripheral vascular disorders  440.0-440.9, 441.2, 441.4, 441.7, 441.9, 443.1-
443.9, 447.1, 557.1,557.9, V43.4 

 No 

Hypertension, uncomplicated 401.1, 401.9 Item I1h 
(Hypertension) 

Yes (ICD-9 
combined with MDS) 

Hypertension, complicated 402.10, 402.90, 404.10, 404.90, 405.11, 405.19, 
405.91, 405.99 

 

Paralysis 342.0-342.12, 342.9-344.9  Yes (ICD-9) 

Other neurological disorders  331.9, 332.0, 333.4,333.5, 334.0-335.9,340, 
341.1-341.9, 345.00-345.11, 345.40-345.51, 
345.80-345.91, 348.1, 348.3, 780.3, 784.3 

 No 

Chronic pulmonary disease 490-492.8, 493.00-493.91, 494, 495.0-505, 506.4  Yes (ICD-9) 

Diabetes, uncomplicated 250.00-250.33 Item I1a 
(Diabetes 
mellitus) 

Yes (ICD-9 
combined with MDS) Diabetes, complicated 250.40-250.73, 250.90-250.93 

Hypothyroidism  243-244.2, 244.8, 244.9  No 

Renal failure  300- 403.11, 403.91, 404.12, 404.92, 585, 586,  
V42.0,V45.1,V56.0,V56.8 

 No 

Liver disease  070.32, 070.33, 070.54, 456.0, 456.1, 456.20,  
456.21 571.0, 571.2, 571.3, 571.40-571.49, 571.5, 
571.6, 571.8, 571.9,572.3,572.8, V42.7 

 No 
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Table 3.6 continued 
Peptic ulcer disease excluding 
bleeding  

531.70, 531.90, 532.70, 532.90, 533.70, 533.90, 
534.70,534.90, V12.71 

 No 

AIDS  042-044.9  No 

Lymphoma  200.00-202.38, 202.50-203.01,203.8-203.81, 
238.6, 273.3,V10.71,V10.72,V10.79 

 No 

Metastatic cancer  196.0-199.1  Yes (ICD-9) 

Solid tumor without metastasis  140.0-172.9,174.0-175.9,179-195.8, V10.00-V10.9  No 

Rheumatoid arthritis/collagen 
vascular diseases   

701.0, 710.0-710.9, 714.0-714.9, 720.0-720.9, 725  No 

Coagulopathy  286.0-286.9, 287.1, 287.3-287.5  No 

Obesity 278 calculated 
based on 
item K2a and 
item K2b 

Yes (MDS) 

Weight loss  260-263.9  No 

Fluid and electrolyte disorders  276.0-276.9  No 

Blood loss anemia  280  No 

Deficiency anemias  280.1-281.9, 285.9  No 

Alcohol abuse  291.1, 291.2, 291.5, 291.8, 291.9, 303.90-
303.93,305.00-305.03, V113 

 No 

Drug abuse  292.0, 292.82-292.89,292.9,304.00-304.93,  
305.20-305.93 

 No 

Psychoses 295.00-298.9, 299.10-299.11  Yes (ICD-9) 

Depression 300.4, 301.12, 309.0, 309.1, 311 Item I1ee Yes (ICD-9) 

Other conditions    

Hypotension  Item I1i Yes (MDS) 

Hip fracture before index date 808, 820, 821 Item J4c and 
Item I1m 

Yes (ICD-9 combined 
with MDS) 

Osteoporosis 733.0 Item I1o Yes (ICD-9 combined 
with MDS) 

Pathological Bone fracture 170, 198.5 Item I1p Yes (ICD-9 combined 
with MDS) 
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We evaluated whether inpatient only, or a combination of inpatient and 

outpatient administrative data sources should be used to identify comorbidities in 

our study population and a final decision was made based on the data. 

In addition, Section I from the MDS assessment (Disease Diagnoses) form was 

evaluated as possible source of active comorbidities (see Table 3.6). For the 

conditions that were identified with both algorithms (i.e. Elixhauser and MDS), 

new variables were created and evaluated; these new variables considered the 

condition if either source indicated it. 

Medication Covariates 

Exposure to drugs that could confound the relationship between our 

exposure of interest and the study outcomes was identified using a similar 

approach to the one we used to evaluate exposure to BAM. Specifically, we 

evaluated the complete listing of drugs used in our cohort using the VA drug 

classes and the unique IENs. For each class of interest, we compiled the list of 

IENs that were then used to create indicators of specific medications use prior to 

the index date. The following classes of drugs were evaluated: (1) Alpha-

blockers; (2) Beta-blockers; (3) Calcium channel blockers; (4) Angiotensin-

converting-enzyme (ACE) inhibitors; (5) Diuretics; (6) Cognitive enhancers; (7) 

Benzodiazepines (BZD); (8) Antipsychotics; (9) Antidepressants; (10) Antivertigo 

agents; (11) Anti-Parkinson agents; (12) Anticonvulsants. Appendices 2 through 

13 include the complete list of drugs with their corresponding IENs and VA drug 

class.  

Exposure to medication was also evaluated through two additional 

variables. The first one was measured using the MDS item O1 (Number of 

medication in the last 7 days) and was categorized as ≤ 3 drugs, 3 – 10, and ≥ 10 

drugs. The second measurement combined the information on the anticholinergic 
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properties exerted by various drugs and allowed us to summarize the 

anticholinergic burden through the Anticholinergic Drug Scale (ASD) (Carnahan 

et al., 2006).   

Other Characteristics 

Body Mass Index (BMI) was calculated on the height and weight recorded 

on the MDS assessment at baseline (items K2a and K2b). For the analyses, BMI 

was categorized into six categories: (1) Underweight (BMI<18.5); (2) Normal 

weight (BMI=18.5 – 24.9); (3) Overweight (BMI=25 – 29.9); (4) Obese (BMI=30 – 

39.9); (5) Morbidly obese (BMI≥40); and (6) Missing or extreme values (extreme 

values were considered based on the BMI distribution). 

Bladder and bowel continence (MDS section H- item H1a for bladder 

continence and item H1b for bowel continence) were evaluated based on the 

‘Continence self-control categories’ that measures continence in last 14 days. 

This is a 5 point rating scale: 

0. CONTINENT— complete control [includes use of indwelling urinary 

catheter or ostomy device that does not leak urine or stool] 

1. USUALLY CONTINENT— BLADDER, incontinent episodes once a week 

or less; BOWEL, less than weekly 

2. OCCASIONALLY INCONTINENT— BLADDER, 2 or more times a week 

but not daily; BOWEL, once a week 

3. FREQUENTLY INCONTINENT— BLADDER, tended to be incontinent 

daily, but some control present (e.g., on day shift); BOWEL, 2-3 times a 

week 

4. INCONTINENT— had inadequate control BLADDER, multiple daily 

episodes; BOWEL, all (or almost all) of the time 
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As part of the bladder control management measures we included the 

following items collected in the MDS as dichotomous variables (yes/no): 

- Any scheduled toileting plan (item H3a) 

- Bladder retraining program (item H3b) 

- External catheter (item H3c) 

- Indwelling catheter (item H3d) 

- Intermittent catheter (item H3e) 

- Pads/briefs used (item H3g) 

- No appliance or program (item H3j) 

Urinary tract infections at baseline were measured as a dichotomous variable  

using the corresponding item on the MDS assessments (item I2j- Urinary tract 

infection in last 30 days yes/no) 

Bowel elimination pattern was measured through four MDS items (yes/no):  

- Regular bowel elimination pattern (item H2a) 

- Constipation (item H2b) 

- Diarrhea (item H2c) 

- Fecal impaction (item H2d). 

The MDS Behavioral Symptoms scale was used to measure the extent to 

which the NH resident exhibited problematic behaviors. This scale includes 

questions on 5 categories of behavioral symptoms, including wandering (item 

E4a), verbally abusive behavior (item E4b), physically abusive behavior (item 

E4c), socially inappropriate or disruptive behavioral symptoms (item E4d), and 

resistance to care (item E4e) (Bharucha et al., 2008).  Every item is measured on 

a scale from 0 (behavior not present in past 7 days) to 3 (behavior of this type 

occurred daily), with a total score range of 0-15 points.   
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The MDS Activities of Daily Living-Long Form (MDS ADL-Long Form) that 

was used in our study is a validated instrument that includes all seven MDS 

activities of daily living (ADL) items (dressing- item G1ga, personal hygiene- item 

G1ja, toilet use- item G1ia, locomotion on unit- item G1ea, transfer- item G1ba, 

bed mobility- item G1aa, eating- item G1ha); they are scored on a 0 

(independent) to 4 (total dependence) scale for possible scores ranging from 0 to 

28 points.  

The MDS Changes in Health, End-Stage Disease and Symptoms and Signs 

(MDS-CHESS) Scale is a score that measures instability of health status and has 

been shown to predict mortality among nursing home residents (Hirdes et al., 

2003). MDS-CHESS was used in our study to measure frailty at baseline and 

was also evaluated as covariate in the analysis (see Statistical analyses section). 

The following MDS items are included in CHESS: 

- Item B6- Change in cognitive status (decline) 

- Item G9- Change in ADL function (decline) 

- Item J1c- Dehydrated; output exceeds input (yes/no) 

- Item J1d- Insufficient fluid; did not consume all/almost all liquids provided 

during last 3 days (yes/no) 

- Item J1g- Edema (yes/no) 

- Item J1l- Shortness of breath (yes/no) 

- Item J1o- Vomiting (yes/no) 

- Item J5c- End-stage disease, 6 or fewer months to live (yes/no) 

- Item K3a- Weight loss- 5% or more in last 30 days; or 10% or more in last 

180 days (yes/no) 

Vision as possible confounder was measured on a five point scale using the 

information collected as part of section D in the MDS (0= adequate to 4=severely 
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impaired). The scale measures the ability of the NH resident to see when the 

light is adequate and (s)he is using glasses if normally needed.  

Balance was evaluated using two different measures from MDS. The first 

one, the test for balance (item G3) uses a four point scale (0=adequate to 3=not 

able to attempt test without physical support) to test for both- balance while 

standing (G3a) and ‘balance while sitting’ (G3b). The second measurement is 

represented by the dichotomous variable- unsteady gait (item J1n). 

Falls and fractures– in addition to identifying hip/other fractures during the NH 

stay included in our study, item J4 (Accidents) was used to identify residents that 

experienced falls and/or fractures before their baseline assessment. The four 

indicators were evaluated as possible predictors of BAM initiation and were 

further included in the propensity score model. More specifically, MDS measures 

the following: 

J4a- Fell in past 30 days (yes/no) 

J4b- Fell in past 31-180 days (yes/no) 

J4c- Hip fracture in last 180 days (yes/no) 

J4d- Other fracture in last 180 days (yes/no) 

Some of the characteristics were only available from a full MDS 

assessment. For those that did not have a full assessment as their baseline 

assessment, the last full assessment before the index date was identified and 

used. NH are required to conduct a full assessment not only as part of the 

periodic evaluation but also whenever a significant change occurs in the 

resident’s health status. The list of characteristics evaluated as part of the full 

assessment exclusively is presented in Table 3.7. 
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Table 3.7. List of conditions available from a full Minimum Data Set 
assessments exclusively 

MDS comorbidities 
 

 

Diabetes  

 

Cardiac dysrhythmias 

 

Congestive Heart Failure 

 

Hypertension 

 

Hypotension  

 

Hip fracture 

 

Osteoporosis  

 

Pathological bone fracture 

 

Cerebrovascular accident (stroke) 

 

Cancer 

 

No active comorbidity 

Body Mass Index 
 Bladder continence management 
 

 

Intermittent catheter 

 

Pads/Briefs Used 

Bowel elimination pattern 
 

 

Regular 

 

Constipation 

 

Diarrhea  

CHESS 
 Vision 
 Balance while sitting 
 Balance while standing 
 Unsteady gait   

CHESS= Changes in Health, End-Stage Disease and Symptoms and 
Signs 

 

Statistical Analyses 

Aim 1 

In an initial step, we identified all the BAM users (prevalent users and new 

users) in our cohort.  Descriptive statistics (mean, proportion, frequency, 

standard deviation) were performed to compare new users and non-users with 

regard to residents’ characteristics prior to the index date (demographics, 

comorbidities at baseline, and existence of other conditions at baseline).   

For continuous patient covariates (e.g. behavioral and functional scales) the 

mean (with SD) and median (with IQR) values were also be calculated. The 
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possible statistical association between study groups and continuous variables 

were tested using a t-test (or Mann-Whitney test if normality assumptions were 

not met).The chi-square statistic was used to document the statistical association 

between the dependent variable (BAM use) and categorical independent 

variables such as sex.   

We used unconditional logistic regression to determine factors predicting 

BAM initiation after NH admission. Demographic characteristics, baseline 

disease history, MDS derived measures of resident cognitive, behavioral, 

functional, and medical stability status, and VISN indicator were considered for 

inclusion in this model. In an initial step, we ran simple logistic models for each of 

the individual characteristics described above; the subsequent step selected the 

final pool of variables considered for the prediction model and only included 

those variables with a p-value ≤ 0.20 in the first step. In the final step we 

constructed the final prediction model using a backward elimination approach. 

Aim 2 

To address endogeneity from treatment selection bias and to balance 

observed covariates between the study groups, we used a propensity score 

method. Propensity scores reflect the probability that a patient will receive a 

treatment based on his/her observed pretreatment covariates.  

The score for each resident was the estimated probability that he or she 

started treatment with a BAM during their NH stay, based on his or her baseline 

characteristics. We used logistic regression to calculate propensity scores with 

the dependent variable in the regression being the BAM use status (new user vs 

non-user). The predictors used in the PS logistic regression included variables 

not only related to the BAM initiation and included in the final predictive model we 
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constructed, but also variables for which there is empirical evidence to support 

their relationship with any of the study’s outcomes (Brookhart et al, 2006; 

Westreich et al, 2011).  

In a subsequent step, we individually matched new-users with up to five 

non-users based on their propensity scores using a SAS greedy matching 

technique that performs the matching procedure based on the distance (Dij) 

between a BAM user and a non-user in terms of matching variable (i.e. 

propensity score) (Parsons, 2001;  

http://mayoresearch.mayo.edu/mayo/research/biostat/upload/gmatch.sas). In our 

study, the maximum difference in propensity score between a new-user and his 

matched non-users (Dij) was set as 0.01, This approach of allowing for a variable 

number of untreated subjects to be matched to each BAM new-user was shown 

to improve bias reduction compared to matching with a fixed number of controls 

(Ming et al, 2000). 

From all the possible ways of incorporating PS in the analysis, if the 

distribution of scores for the study groups allows, matching seems to result in a 

better balance between groups (Austin, 2009). In addition, matching on PS is an 

efficient method to control for confounders under certain situations that were true 

for our study. Specifically, these included the following: (1) the number of treated 

patients is limited and there is a larger pool of controls, (2) the outcome is rare, 

(3) the number of potential confounders is large, and/or (4) multiple outcomes are 

evaluated for the study groups (Austin, 2009).  

For the final matched groups we conducted all of the descriptive analysis 

described above (see Statistical analyses- Aim 1) to verify if we reached a 

balance between new-users and non-users.  

Hypothesis 2a: BAM will increase the risk of fractures in NH residents 
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Time to event analysis was conducted to evaluate risk of fractures (hip fractures 

and any fracture) in relationship to BAM use using a Cox proportional hazard 

model. At the moment, there are no clear guidelines with regard to accounting for 

matching in the analysis when matching is done by PS. Two individuals with the 

same PS can have different baseline characteristics; when balance between the 

matched groups is achieved on those variables, matching on PS can be seen as 

frequency matching. In addition, simulation studies showed that unconditional 

analysis performs better than conditional analysis when the true effect is different 

than the null and conditional analysis can lead to loss in power (Rubin et al, 

2000; Hill, 2008). Considering these, we did not conduct the analysis as 

conditional time to event. Since the baseline covariates were included in the PS 

calculation, measures of exposure were the only variables considered for 

inclusion in the Cox proportional hazard model. Exposure to BAM was measured 

by two variables; the first one was an indicator of use (BAM new-user yes/no) 

and the other one indicated the number of BAM-exposed days out of the total 

follow-up time. The maximum follow-up time was identified as described under 

outcome (fracture) definition; in summary, the end of the follow-up was the 

earliest of: 

o Discontinuation of therapy  

o Outcome (fracture) 

o The end of the NH follow-up 

Hypothesis 2b: BAM will negatively affect cognitive status as measured by 

MDS-CPS  

Generalized estimating equations (GEE) were used to estimate the average 

treatment effect of BAM use on the cognitive performance; GEE allows 

population level interpretation of the regression coefficients (Fitzmaurice et al., 
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2004). We modeled mean CPS for the groups at each time as a function of 

person-level covariates, using the PROC GENMOD procedure (SAS Institute 

Inc., 1999) in SAS (distribution=normal, link=identity, correlation 

matrix=exchangeable). Interaction between baseline CPS and BAM use along 

with time-varying covariates (i.e. important characteristics measured through 

MDS assessments that were included in the PS model, but were allowed to 

change during follow-up and were measured at the each time CPS was 

calculated) were assessed for inclusion in the final model using the Quasi-

Information Criterion (QIC) (Pan, 2001). QIC is similar to the Akaike’s Information 

Criterion used in model selection for regression based on maximum likelihood 

estimation. The list of time-varying covariates considered for inclusion was 

created a priori based on the empirical evidence on potential risk factors for the 

outcome; final model was selected using a manual backward elimination 

technique. Some of the variables that could change over time and could impact 

cognitive performance (e.g. antipsychotics use, dementia) were not included as 

time-varying in our model based on their potential mediator role for the 

relationship between BAM use and CPS. 

Time-stationary covariates were included in the PS model and were not 

further considered for the model selection. 

 

Aim 3 

Hypothesis 3a: BAM will improve incontinence as measured by MDS 

Hypothesis 3b: BAM will improve social engagement and overall QOL 

Improvement in urinary incontinence and change in QOL (overall QOL 

measured by MDS-HSI, and social engagement measured by MDS-ISE) were 

evaluated using the GEE method. Similarly to the CPS analysis, these 
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evaluations also included time-varying covariates based on the list created a 

priori, with the final model being selected based on QIC. 

Improvement in urinary incontinence was modeled as a binary response; 

odds ratio estimates were calculated to evaluate the relationship between BAM 

use and improvement in urinary incontinence while adjusting for time-varying 

confounders (PROC GENMOD with distribution=binomial, link=logit, correlation 

matrix=exchangeable). 

Similarly to the cognitive performance analysis, the effect of BAM use on 

QOL was assessed by modeling the mean score at each time point using the 

GEE approach (distribution=normal, link=identity, correlation 

matrix=exchangeable).   

Exploratory analyses 

Two exploratory outcomes were included in the analysis plan: overall 

mortality and bowel effects (constipation and fecal impaction). 

Mortality was evaluated through a time-to-event analysis using a Cox 

proportionate hazard model. The follow-up time was extended until the earliest of 

the following: (1) outcome (death); (2) the end of the NH follow-up; (3) the end of 

the study period; and for new-users (4) treatment discontinuation.  Censoring at 

treatment discontinuation was done in two ways: (1) censoring on the date of the 

last BAM prescription, and (2) censoring 30 days after the last BAM prescription. 

The latter was considered since treatment modifications (in this case 

discontinuation of a BAM use) can be the result of a change in care for those 

close to death and assuming that medication’s impact on mortality would most 

likely go beyond the end of exposure. 
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Constipation and bowel impaction as potential parasympathetic effects 

determined by BAM use were modeled as a binary response; odds ratio 

estimates were calculated to evaluate this relationship using the GEE method 

(distribution=binomial, link=logit, correlation matrix=exchangeable). 
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CHAPTER IV- RESULTS 

Aim 1  

Aim 1: Describe the characteristics of those receiving different BAM (including 

demographics, baseline disease history, standardized measures of resident 

cognitive, behavioral, functional and medical stability status, and facility 

characteristics) and to identify predictors of medication initiation for managing 

urinary incontinence in NH. 

From the 208,946 unique subjects identified from the MDS data available, 

about 25% (48,631) were admitted in a VA CLC for a long-term stay based on 

the definition described in the Methods section. Of these, and after applying our 

exclusion criteria, 2739 were identified as BAM users during their NH stay. About 

44% (1195) of the users started a BAM during their NH stay and were included in 

the new-users group. The flow diagram describing this identification process is 

depicted in Figure 4.1 below.
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Figure 4.1 Flow diagram- Identification of study groups
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Among the 1195 new-users, about three quarters (74.9%) were treated 

with IR Oxybutinin Chloride, either from the moment a BAM was initiated, or after 

using another drug. Of the remaining 25.1%, the majority (84.67%) was treated 

with an IR BAM; the following IR BAM were initiated: Hyoscyamine (N=142), 

Dicyclomine (N=89), Tolterodine (N=30), Flavoxate (N=8), and Trospium (N=2). 

The ER formulations used were: Oxybutynin (N=30), Tolterodine (N=19), and 

Hyoscyamine (N=4). 

The comparison between new-users and non-users on baseline 

characteristics is presented in Tables 4.1 through 4.4.  

Baseline demographic characteristics are reported in Table 4.1. Baseline 

comorbidities identified through the Quan-Elixhauser algorithm and included in 

the MDS assessments are included in Table 4.2. Table 4.3 presents data on 

medication covariates at baseline. Table 4.4 shows the distribution on other 

important variables, including bladder and bowel continence, continence 

management, cognitive performance, activities of daily living, behavioral score, 

frailty (CHESS), balance, and accidents. 

BAM new-users and non-users differed significantly on baseline 

demographic characteristics (Table 4.1). New-users were older and admitted in 

the earlier years. The BAM users group had a larger white majority and more 

women than the non-users group. BAM were prescribed at a different rate in 

different VA regions (VISN).   
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Table 4.1 Distribution of demographic characteristics at baseline 

Variable   New users (N=1195) Non-users (N=22,985) p-value 

Age  
    

Age at index date- Mean ±SD 
 

79.56 (6.74) 79.42 (6.95) 0.5858 

Age categories- no (%) 
   

0.0281 

65 to 69 
 

110 (9.21) 2564 (11.16) 
 

70 to 74 
 

219 (18.33) 3896 (16.95) 
 

75 to 79 
 

257 (21.51) 5132 (22.33) 
 

80 to 84 
 

359 (30.04) 6200 (26.97) 
 

85+ 
 

250 (20.92) 5193 (22.59) 
 

Gender- n (%) 
 

  0.0003 

Male   1147 (95.98) 22,446 (97.65)  

Female   48 (4.02) 539 (2.35)  

Race- no (%) 
   

0.0361 

White  
 

969 (81.09) 17,911 (77.92) 
 

Black  
 

139 (11.63) 3115 (13.55) 
 

Other  
 

87 (7.28) 1959 (8.52) 
 

Fiscal year at admission- no (%) 
   

0.0002 

2003 
 

243 (20.33) 4449 (19.36) 
 

2004 
 

230 (19.25) 3920 (17.05) 
 

2005 
 

191 (15.98) 3357 (14.61) 
 

2006 
 

175 (14.64) 3104 (13.50) 
 

2007 
 

147 (12.30) 3062 (13.32) 
 

2008 
 

143 (11.97) 2929 (12.74) 
 

2009 
 

66 (5.52) 2164 (9.41) 
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Table 4.1 continued 
Variable   New users (N=1195) Non-users (N=22,985) p-value 

Veteran Integrated Service Network- no (%) 
   

<.0001 

VISN 1: VA New England Healthcare System 
 

49 (4.10) 1077 (4.69) 
 

VISN 2: VA Health Care Upstate New York     
 

35 (2.93) 951 (4.14) 
 

VISN 3: VA NY/NJ Veterans Healthcare Network 
 

56 (4.69) 1335 (5.81) 
 

VISN 4: VA Healthcare  
 

126 (10.54) 1890 (8.22) 
 

VISN 5: VA Capitol Health Care Network 
 

51 (4.27) 1139 (4.96) 
 

VISN 6: VA Mid-Atlantic Health Care Network     
 

70 (5.86) 1353 (5.89) 
 

VISN7: VA Southeast Network 
 

42 (3.51) 1153 (5.02) 
 

VISN 8: VA Sunshine Healthcare Network 
 

91 (7.62) 1830 (7.96) 
 

VISN 9: VA Mid South Healthcare Network 
 

42 (3.51) 640 (2.78) 
 

VISN 10: VA Healthcare System of Ohio 
 

47 (3.93) 1212 (5.27) 
 

VISN 11: Veterans In Partnership 
 

91 (7.62) 1245 (5.42) 
 

VISN 12: VA Great Lakes Health Care System 
 

46 (3.85) 934 (4.06) 
 

VISN 15: VA Heartland Network 
 

44 (3.68) 581 (2.53) 
 

VISN 16: South Central VA Health Care Network 
 

71 (5.94) 1062 (4.62) 
 

VISN 17: VA Heart of Texas Health Care Network 
 

54 (4.52) 1243 (5.41) 
 

VISN 18: VA Southwest Health Care Network 
 

69 (5.77) 755 (3.28) 
 

VISN 19: Rocky Mountain Network 
 

24 (2.01) 383 (1.67) 
 

VISN 20: Northwest Network 
 

30 (2.51) 551 (2.40) 
 

VISN 21: Sierra Pacific Network 
 

54 (4.52) 1494 (6.50) 
 

VISN 22: Desert Pacific Healthcare Network 
 

20 (1.67) 756 (3.29) 
 

VISN 23: VA Midwest Health Care Network   83 (6.95) 1401 (6.10)   

VISN= Veteran Integrated Service Network
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BAM users were heavier, had fewer comorbidities and hospitalizations 

and/or outpatient visits for a comorbid condition identified through the Elixhauser 

algorithm. In addition, they had complicated diabetes and psychosis less 

frequently then the non-users. However, more new-users had paralysis at 

baseline and suffered from depression. Cardiac dysrhythmia, hypertension, 

stroke, and bone pathology were more frequent in BAM users (Table 4.2).  

New-users were taking more drugs before a BAM was initiated and they had a 

higher anticholinergic burden; they were more likely to use an alpha-blocker, an 

antidepressant, or an anticonvulsant at baseline. In contrast, they were less likely 

to use a diuretic, an antipsychotic, or a cognitive enhancer (Table 4.3). 
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Table 4.2 Distribution of baseline comorbidities 

Variable   
New users 
(N=1195) 

Non-users 
(N=22,985) 

p-value 

Elixhauser Comorbidities- hospital admissions 
    

Number of Elixhauser Comorbidities- Mean (SD) 
 

2.75 (2.65) 2.74 (2.65) 0.9344 

Congestive Heart Failure 
 

185 (15.48) 3872 (16.85) 0.2184 

Cardiac Arrhythmia 
 

244 (20.42) 4736 (20.60) 0.8766 

Hypertension-  not complicated 
 

502 (42.01) 9252 (40.25) 0.2277 

Hypertension-  complicated 
 

101 (8.45) 2196 (9.55) 0.2052 

Paralysis  
 

47 (3.93) 538 (2.34) 0.0005 

Chronic Obstructive Pulmonary Disease 
 

272 (22.76) 5056 (22.00) 0.5341 

Diabetes- not complicated 
 

250 (20.92) 4937 (21.48) 0.6464 

Diabetes- complicated 
 

101 (8.45) 2224 (9.68) 0.1617 

Tumor with metastasis 
 

62 (5.19) 1016 (4.42) 0.2098 

Obesity  
 

31 (2.59) 534 (2.32) 0.5456 

Depression 
 

158 (13.22) 2458 (10.69) 0.0061 

Psychosis  
 

60 (5.02) 1642 (7.14) 0.0052 

Hospitalization indicator  
 

793 (66.36) 15,560 (67.70) 0.3357 

Elixhauser Comorbidities- hospital and/or 
outpatient     

Number of Elixhauser Comorbidities- Mean (SD) 
 

3.99 (2.82) 4.10 (2.86) 0.2474 

Congestive Heart Failure 
 

255 (21.34) 5053 (21.98) 0.5995 

Cardiac Arrhythmia 
 

340 (28.45) 6370 (27.71) 0.5785 

Hypertension-  not complicated 
 

735 (61.51) 14,134 (61.49) 0.9923 

Hypertension-  complicated 
 

108 (9.04) 2442 (10.62) 0.0817 

Paralysis  
 

69 (5.77) 834 (3.63) 0.0001 

Chronic Obstructive Pulmonary Disease 
 

372 (31.13) 6863 (29.86) 0.3495 

Diabetes- not complicated 
 

371 (31.05) 7439 (32.36) 0.3419 

Diabetes- complicated 
 

158 (13.22) 3598 (15.65) 0.0236 

Tumor with metastasis 
 

76 (6.36) 1258 (5.47) 0.1905 

Obesity  
 

86 (7.20) 1391 (6.05) 0.1071 

Depression 
 

292 (24.44) 5195 (22.60) 0.1401 

Psychosis 
 

146 (12.22) 3955 (17.21) <.0001 

Hospitalization and/or outpatient visits indicator 
 

1064 (89.04) 21,091 (91.76) 0.0009 

Comorbidities- MDS identified  
    

Diabetes  
 

456 (38.16) 8464 (36.82) 0.3511 

Cardiac dysrhythmias 
 

205 (17.15) 3474 (15.11) 0.0555 

Congestive Heart Failure 
 

220 (18.41) 4130 (17.97) 0.6983 

Hypertension  
 

820 (68.62) 15,073 (65.58) 0.0308 

Hypotension  
 

16 (1.34) 451 (1.96) 0.1269 

Hip fracture 
 

57 (4.77) 1092 (4.75) 0.8333 

Osteoporosis  
 

68 (5.69) 1314 (5.72) 0.9694 

Pathological bone fracture 
 

17 (1.42) 174 (0.76) 0.0113 

MDS= Minimum Data Set
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Table 4.2 continued 

Variable   
New users 
(N=1195) 

Non-users 
(N=22,985) 

p-value 

Comorbidities- MDS identified  
    

Cerebrovascular accident (stroke) 
 

242 (20.25) 4052 (17.63) 0.0207 

Cancer  
 

317 (26.53) 4935 (21.47) <.0001 

No active comorbidity 
 

146 (12.22) 3200 (13.92) 0.0235 

Comorbidities- inpatient/outpatient/MDS 
combined     

Diabetes  
 

477 (39.92) 9014 (39.22) 0.6293 

Congestive Heart Failure 
 

298 (24.94) 5706 (24.82) 0.9302 

Cardiac dysrhythmias 
 

343 (28.70) 6255 (27.21) 0.2597 

Hypertension  
 

928 (77.66) 17,119 (74.48) 0.0138 

Osteoporosis  
 

95 (7.95) 1807 (7.86) 0.9121 

Bone cancer/Bone metastasis/ Pathological bone 
fracture   

49 (4.10) 634 (2.76) 0.0063 

Hip fracture before index date    78 (6.53) 1594 (6.93) 0.588 

Body Mass Index:  BMI categories- no (%) 
   

<.0001 

Underweight 
 

75 (6.28) 1985 (8.64) 
 

Normal weight 
 

509 (42.59) 10,598 (46.11) 
 

Overweight  
 

361 (30.21) 6422 (27.94) 
 

Obese  
 

202 (16.90) 3080 (13.40) 
 

Morbidly obese 
 

13 (1.09) 148 (0.64) 
 

Missing or extreme value  
 

35 (2.93) 752 (3.27) 
 

MDS= Minimum Data Set
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Table 4.3 Distribution of baseline medication covariates 

Variable   New users 
(N=1195) 

Non-users 
(N=22,985) 

p-value 

Medication use- number of medications      (last 7 
days) 

        

Mean (SD)  
 

13.29 (5.36) 12.02 (5.10) <.0001 

Range  
 

0 - 36 0 - 77 
 

≤ 3 
 

21 (1.76) 578 (2.51) <.0001 

3 - 10 
 

363 (30.38) 8973 (39.04) 
 

>10 
 

811 (67.87) 13,434 (58.45) 
 

Medication use 30 days before index date 
    

Alpha-blockers 
 

471 (39.41) 6626 (28.83) <.0001 

Beta-blockers 
 

562 (47.03) 10,260 (44.64) 0.105 

Calcium channel blockers  
 

245 (20.50) 4601 (20.02) 0.6832 

ACE inhibitors 
 

415 (34.73) 7728 (33.62) 0.4302 

Diuretics  
 

474 (39.67) 8533 (37.12) 0.0765 

Antidepressants  
 

637 (53.31) 10,928 (47.54) 0.0001 

Antipsychotics  
 

280 (23.43) 6279 (27.32) 0.0032 

Anticonvulsants  
 

322 (26.95) 4917 (21.39) <.0001 

Cognitive enhancers 
 

167 (13.97) 4137 (18.00) 0.0004 

Antiparkinson  
 

64 (5.36) 1243 (5.41) 0.938 

Antivertigo  
 

18 (1.51) 267 (1.16) 0.2818 

Benzodiazepines 
 

52 (4.35) 1036 (4.51) 0.8 

Anticholinergic burden (ADS score)-  Mean (SD) 
 

3.43 (3.23) 2.94 (3.01) <.0001 

Anticholinergic burden (ADS score)-  Range 
 

0 - 23 0 - 27 
 

Medication use 90 days before index date 
    

Alpha-blockers 
 

512 (42.85) 7372 (32.07) <.0001 

Beta-blockers 
 

613 (51.30) 11,472 (49.91) 0.3501 

Calcium channel blockers  
 

302 (25.27) 5617 (24.44) 0.5131 

ACE inhibitors 
 

495 (41.42) 9253 (40.26) 0.4231 

Diuretics  
 

582 (48.70) 10,612 (46.17) 0.0868 

Antidepressants  
 

690 (57.74) 12,125 (52.75) 0.0008 

Antipsychotics  
 

343 (28.70) 7510 (32.67) 0.0043 

Anticonvulsants  
 

351 (29.37) 5660 (24.62) 0.0002 

Cognitive enhancers 
 

192 (16.07) 4645 (20.21) 0.0005 

Antiparkinson  
 

70 (5.86) 1350 (5.87) 0.9821 

Antivertigo  
 

28 (2.34) 433 (1.88) 0.2577 

Benzodiazepines 
 

127 (10.63) 2413 (10.50) 0.8868 

Anticholinergic burden (ADS score)-  Mean (SD) 
 

5.62 (4.84) 5.09 (4.75) <.0001 

Anticholinergic burden (ADS score)-  Range   0 - 35 0 - 43   

ADS= Anticholinergic Drug Scale
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More BAM users were classified as ‘continent’ or ‘usually continent’ in the 

bladder and bowel continence ratings at baseline. They had more frequently an 

indwelling catheter in place and they were more likely to have experienced 

urinary tract infections in the 30 days before the baseline assessment. In 

addition, BAM users had an irregular bowel elimination pattern; they experienced 

constipation or diarrhea more often than the non-users did. 

BAM users had better cognitive performance, better functional status, and less 

‘problematic’ behaviors at baseline. The groups did not differ significantly with 

regard to vision and balance at baseline, falls and fractures before the index date 

(Table 4.4).
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Table 4.4 Distribution of other characteristics at baseline 

 Variable   
New users 
(N=1195) 

Non-users 
(N=22,985) 

p-value 

Bladder Continence 
   

<.0001 

Continent  
 

731 (61.17) 13,065 (56.84) 
 

Usually Continent 
 

116 (9.71) 2057 (8.95) 
 

Occasionally Incontinent 
 

80 (6.69) 1507 (6.56) 
 

Frequently Incontinent 
 

74 (6.19) 1516 (6.60) 
 

Incontinent  
 

188 (15.73) 4800 (20.88) 
 

Unknown (missing or out of range value)   
 

6 (0.50) 40 (0.17) 
 

Bladder Continence Management 
    

Scheduled toileting plan 
 

267 (22.34) 5646 (24.56) 0.0816 

Bladder retraining program 
 

24 (2.01) 500 (2.18) 0.6991 

External catheter 
 

94 (7.87) 2128 (9.26) 0.1043 

Indwelling catheter 
 

352 (29.46) 3342 (14.54) <.0001 

Intermittent catheter 
 

26 (2.18) 466 (2.03) 0.7233 

Pads/Briefs Used 
 

412 (34.48) 8454 (36.78) 0.1072 

No appliance or program 
 

405 (33.89) 9107 (39.62) <.0001 

UTI in last 30 days- no (%) 
 

183 (15.31) 2266 (9.86) <.0001 

Bowel Continence 
   

0.0013 

Continent  
 

704 (58.91) 12,720 (55.34) 
 

Usually Continent 
 

131 (10.96) 2036 (8.86) 
 

Occasionally Incontinent 
 

67 (5.61) 1353 (5.89) 
 

Frequently Incontinent 
 

54 (4.52) 1170 (5.09) 
 

Incontinent  
 

238 (19.92) 5688 (24.75) 
 

Unknown (missing or out of range value)   
 

1 (0.08) 18 (0.08) 
 

Bowel Elimination Pattern- no (%)  
    

Regular 
 

483 (40.42) 10,186 (44.32) 0.0082 

Constipation 
 

200 (16.74) 3027 (13.17) 0.0004 

Diarrhea  
 

81 (6.78) 1052 (4.58) 0.0004 

Fecal Impaction   3 (0.25) 54 (0.23) 0.7599 

UTI= Urinary tract infections
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Table 4.4 continued 
Variable   New users 

(N=1195) 
Non-users 
(N=22,985) 

p-value 

Cognitive Performance Score (CPS)       <.0001 

Intact: CPS=0 
 

228 (19.08) 3365 (14.64) 
 

Borderline intact: CPS=1 
 

148 (12.38) 2588 (11.26) 
 

Mild impairment: CPS=2 
 

177 (14.81) 4718 (20.53) 
 

Moderate impairment: CPS=3 
 

24 (2.01) 588 (2.56) 
 

Moderate severe impairment: CPS=4 
 

73 (6.11) 2261 (9.84) 
 

Severe impairment: CPS=5 
 

33 (2.76) 951 (4.14) 
 

Very severe impairment: CPS=6 
 

3 (0.25) 62 (0.27) 
 

Activities of Daily Living (ADL score) 
   

0.0621 

Mean ±SD 
 

11.28 (8.24) 11.79 (8.49) 
 

Fully independent (ADL=0)-  no (%) 
 

146 (12.22) 2674 (11.63) 0.0775 

Total dependence (ADL=28)-  no (%) 
 

38 (3.18) 877 (3.82) 
 

CHESS 
   

0.2812 

CHESS=0 
 

378 (31.63) 7413 (32.25) 
 

CHESS=1 
 

345 (28.87) 6753 (29.38) 
 

CHESS=2 
 

260 (21.76) 4531 (19.71) 
 

CHESS=3 
 

108 (9.04) 2194 (9.55) 
 

CHESS=4 
 

34 (2.85) 518 (2.25) 
 

CHESS=5 
 

4 (0.33) 51 (0.22) 
 

Missing  
 

66 (5.52) 1525 (6.63) 
 

MDS Behavioral Score 
   

<.0001 

Mean ±SD 
 

0.53 (1.47) 0.81 (1.98) 
 

None of the behaviors: score=0-  no (%) 
 

979 (81.92) 17,618 (76.65) 0.017 

Score=10 to 15-  no (%) 
 

3 (0.25) 216 (0.92) 
 

Vision 
   

0.4665 

Adequate 
 

838 (70.13) 16,211 (70.53) 
 

Impaired 
 

252 (21.09) 4563 (19.85) 
 

Moderately impaired 
 

63 (5.27) 1140 (4.96) 
 

Highly impaired 
 

23 (1.92) 632 (2.75) 
 

Severely impaired 
 

14 (1.17) 329 (1.43) 
 

Unknown (missing or out of range value)  
 

5 (0.42) 110 (0.48) 
 

CHESS= Changes in Health, End-stage disease and Symptoms and Signs; 
MDS= Minimum Data Set
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Table 4.4 continued 
Variable   New users 

(N=1195) 
Non-users 
(N=22,985) 

p-value 

Balance while standing 
   

0.5578 

Maintained position as required in test 
 

229 (19.16) 4736 (20.60) 
 

Unsteady, but able to rebalance w/o physical 
support  

221 (18.49) 4221 (18.36) 
 

Partial physical support during test or stands but 
does not follow directions for test 

 
248 (20.75) 4746 (20.65) 

 
Not able to attempt test w/o physical help 

 
449 (37.57) 8524 (37.09) 

 
Unknown (missing or out of range value)   

 
48 (4.02) 758 (3.30) 

 
Balance while sitting 

   
0.4143 

Maintained position as required in test 
 

877 (73.39) 16,757 (72.90) 
 

Unsteady, but able to rebalance w/o physical 
support  

96 (8.03) 2141 (9.31) 
 

Partial physical support during test or stands but 
does not follow directions for test  

95 (7.95) 1875 (8.16) 
 

Not able to attempt test w/o physical help 
 

120 (10.04) 2050 (8.92) 
 

Unknown (missing or out of range value)   
 

7 (0.59) 162 (0.70) 
 

Unsteady Gait 
 

537 (44.94) 10,221 (44.47) 0.7504 

Fell in past 30 days 
 

226 (18.91) 4496 (19.56) 0.5814 

Fell in past 31-180 days 
 

281 (23.51) 5076 (22.08) 0.2456 

Hip fracture in last 180 days 
 

24 (2.01) 682 (2.97) 0.0549 

Other fracture in past 180 days   36 (3.01) 618 (2.69) 0.5011 
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Unadjusted odds ratios for all the variables included in Tables 4.1 through 

4.4 in relationship with BAM use were calculated using simple logistic regression 

and are included in Table 4.5. The variables with a p-value<0.2 at this point were 

included in the backward elimination process that resulted in selecting the final 

model that best predicted BAM initiation in our study population. Table 4.6 lists 

the variables included in the predictive model and Table 4.7 shows the adjusted 

odds ratios for each of the variables and every category within the individual 

covariate.  
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Table 4.5 Unadjusted odds ratio estimates for bladder antimuscarinics initiation 

Effect 
Parameter 
Estimate 

Standard 
Error 

Odds Ratio 
95% Wald 

Confidence Limits 
p-value 

Age        

Age at index date 0.00288 0.00427 1.003 0.995 1.011 0.5002 

Age categories      0.0286 

65 to 69 Reference      

70 to 74 0.2701 0.1196 1.31 1.036 1.656  

75 to 79 0.1546 0.1165 1.167 0.929 1.466  

80 to 84 0.2998 0.1115 1.35 1.085 1.679  

85+ 0.1151 0.1169 1.122 0.892 1.411  

Gender        

Male  Reference       

Female  0.5555 0.1536 1.743 1.29 2.355 0.0003 

Race       0.0365 

White  Reference      

Black  -0.1926 0.0928 0.825 0.688 0.989  

Other  -0.1973 0.1144 0.821 0.656 1.027  

Fiscal Year at 
admission 

     0.0002 

2003 Reference      

2004 0.0716 0.0946 1.074 0.892 1.293  

2005 0.0408 0.0994 1.042 0.857 1.266  

2006 0.0317 0.1019 1.032 0.845 1.26  

2007 -0.129 0.1071 0.879 0.713 1.084  

2008 -0.1122 0.108 0.894 0.723 1.105  

2009 -0.5827 0.1413 0.558 0.423 0.737  
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Table 4.5 continued 

Effect 
Parameter  
Estimate 

Standard 
Error 

Odds Ratio 
95% Wald   Confidence 

Limits 
p-value 

Veteran Integrated Service Network      <.0001 

VISN 1: VA New England Healthcare System Reference      

VISN 2: VA Health Care Upstate New York -0.2121 0.2257 0.809 0.52 1.259  

VISN 3: VA NY/NJ Veterans Healthcare Network -0.0812 0.1999 0.922 0.623 1.364  

VISN 4: VA Healthcare  0.3821 0.1726 1.465 1.045 2.055  

VISN 5: VA Capitol Health Care Network -0.016 0.2045 0.984 0.659 1.469  

VISN 6: VA Mid-Atlantic Health Care Network 0.1285 0.1907 1.137 0.783 1.652  

VISN 9: VA Mid South Healthcare Network 0.3663 0.2161 1.442 0.944 2.203  

VISN 10: VA Healthcare System of Ohio -0.1598 0.2084 0.852 0.567 1.282  

VISN 11: Veterans In Partnership 0.4741 0.182 1.607 1.125 2.295  

VISN 12: VA Great Lakes Health Care System 0.0793 0.2101 1.083 0.717 1.634  

VISN 15: VA Heartland Network 0.5096 0.214 1.665 1.094 2.532  

VISN 16: South Central VA Health Care Network 0.3849 0.1907 1.469 1.011 2.135  

VISN 19: Rocky Mountain Network 0.3201 0.2562 1.377 0.834 2.275  

VISN 20: Northwest Network 0.1796 0.2377 1.197 0.751 1.907  

VISN 21: Sierra Pacific Network -0.2301 0.2013 0.794 0.535 1.179  

VISN 22: Desert Pacific Healthcare Network -0.5421 0.2695 0.582 0.343 0.986  

VISN 23: VA Midwest Health Care Network 0.264 0.1847 1.302 0.907 1.87  

VISN= Veteran Integrated Service Network
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Table 4.5 continued 

Effect  
Parameter 
Estimate 

Standard 
Error 

Odds 
Ratio 

95% Wald   Confidence 
Limits 

p-value 

Elixhauser Comorbidities- hospital admissions       

Number of Elixhauser Comorbidities 0.000942 0.0112 1.001 0.979 1.023 0.9329 

Congestive Heart Failure -0.1007 0.0819 0.904 0.77 1.062 0.2186 

Cardiac Arrhythmia -0.0114 0.0736 0.989 0.856 1.142 0.877 

Hypertension-  not complicated 0.0725 0.0601 1.075 0.956 1.21 0.2277 

Hypertension-  complicated -0.1347 0.1064 0.874 0.71 1.077 0.2056 

Paralysis  0.5354 0.1551 1.708 1.26 2.315 0.0006 

Chronic Obstructive Pulmonary Disease 0.044 0.0708 1.045 0.91 1.201 0.5342 

Diabetes- not complicated -0.0332 0.0729 0.967 0.839 1.116 0.6492 

Diabetes- complicated -0.1487 0.1064 0.862 0.7 1.062 0.1622 

Tumor with metastasis 0.1683 0.1343 1.183 0.909 1.54 0.2101 

Obesity  0.1131 0.1872 1.12 0.776 1.616 0.5458 

Depression 0.2411 0.088 1.273 1.071 1.512 0.0062 

Psychosis -0.3752 0.1349 0.687 0.527 0.895 0.0054 

Any hospitalization for an Elixhauser comorbidity    -0.0605 0.0628 0.941 0.832 1.065 0.3357 

Elixhauser Comorbidities- hospital and/or outpatient       

Number of Elixhauser Comorbidities  -0.0141 0.0105 0.986 0.966 1.006 0.1771 

Congestive Heart Failure -0.0376 0.0724 0.963 0.836 1.11 0.6029 

Cardiac Arrhythmia 0.0368 0.0658 1.038 0.912 1.18 0.5757 

Hypertension-  not complicated 0.000591 0.061 1.001 0.888 1.128 0.9923 

Hypertension-  complicated -0.1793 0.1031 0.836 0.683 1.023 0.0822 

Paralysis  0.4871 0.1289 1.628 1.264 2.096 0.0002 

Chronic Obstructive Pulmonary Disease 0.06 0.0641 1.062 0.936 1.204 0.3496 

Diabetes- not complicated -0.0609 0.0641 0.941 0.83 1.067 0.342 

Diabetes- complicated -0.1972 0.0873 0.821 0.692 0.974 0.0239 

Tumor with metastasis 0.1596 0.122 1.173 0.924 1.49 0.1909 

Obesity  0.1856 0.1153 1.204 0.96 1.509 0.1074 

Depression 0.102 0.0691 1.107 0.967 1.268 0.1403 

Psychosis -0.4009 0.09 0.67 0.561 0.799 <.0001 

Any hospitalization or outpatient visit for an Elixhauser comorbidity -0.3156 0.0956 0.729 0.605 0.88 0.001 
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Table 4.5 continued 

Effect 
Parameter 
Estimate 

Standard 
Error 

Odds 
Ratio 

95% Wald   Confidence 
Limits 

p-value 

Comorbidities- MDS identified         

Diabetes  0.057 0.0611 1.059 0.939 1.193 0.3511 

Cardiac dysrhythmias 0.151 0.0789 1.163 0.996 1.358 0.0557 

Congestive Heart Failure 0.0299 0.0766 1.03 0.887 1.197 0.6958 

Hypertension  0.1378 0.0639 1.148 1.013 1.301 0.0309 

Hypotension  -0.3869 0.256 0.679 0.411 1.122 0.1306 

Hip fracture -0.0396 0.1205 0.961 0.759 1.217 0.7423 

Osteoporosis  -0.0049 0.1281 0.995 0.774 1.279 0.9695 

Pathological bone fracture 0.6377 0.2558 1.892 1.146 3.124 0.0127 

Cerebrovascular accident (stroke) 0.1711 0.074 1.187 1.026 1.372 0.0209 

Cancer  0.2782 0.0675 1.321 1.157 1.508 <.0001 

No current diagnosis -0.2052 0.0908 0.814 0.682 0.973 0.0238 

Comorbidities- inpatient/outpatient/MDS combined       

Diabetes  0.0293 0.0606 1.03 0.914 1.16 0.6283 

Congestive Heart Failure 0.00602 0.0686 1.006 0.88 1.151 0.9301 

Cardiac dysrhythmias 0.074 0.0656 1.077 0.947 1.225 0.2598 

Hypertension  0.1747 0.0711 1.191 1.036 1.369 0.014 

Osteoporosis  0.0122 0.1097 1.012 0.816 1.255 0.9117 

Bone cancer/Bone metastasis/ Pathological bone fracture  0.4104 0.1513 1.507 1.12 2.028 0.0067 

Hip fracture before index date -0.065 0.12 0.937 0.741 1.185 0.5881 

Body Mass Index      <.0001 

Normal weight Reference      

Underweight -0.2399 0.1261 0.787 0.614 1.007  

Overweight  0.1574 0.0706 1.17 1.019 1.344  

Obese  0.3116 0.0856 1.366 1.155 1.615  

Morbidly obese 0.6037 0.2928 1.829 1.03 3.247  

Missing or extreme value -0.0314 0.1788 0.969 0.683 1.376  

MDS= Minimum Data Set



87 
 

 

 

Table 4.5 continued 

Effect 
Parameter 
Estimate 

Standard 
Error 

Odds 
Ratio 

95% Wald   Confidence 
Limits 

p-value 

Medication use- number of medications (last 7 days)      <.0001 

<3 Reference       

3-10 0.1075 0.2285 1.113 0.711 1.743  

>10 0.5078 0.2251 1.662 1.069 2.583  

Medication use 30 days before index date       

Alpha-blockers 0.4738 0.061 1.606 1.425 1.81 <.0001 

Beta-blockers 0.0963 0.0595 1.101 0.98 1.237 0.1051 

Calcium channel blockers  0.0302 0.0735 1.031 0.892 1.19 0.6808 

ACE inhibitors 0.0492 0.0623 1.05 0.93 1.187 0.4303 

Diuretics  0.1075 0.0607 1.113 0.989 1.254 0.0766 

Antidepressants  0.2307 0.0595 1.26 1.121 1.415 0.0001 

Antipsychotics  -0.2055 0.0699 0.814 0.71 0.934 0.0033 

Anticonvulsants  0.3043 0.0671 1.356 1.189 1.546 <.0001 

Benzodiazepines  -0.0363 0.1453 0.964 0.725 1.282 0.8029 

Cognitive enhancers -0.3006 0.0852 0.74 0.627 0.875 0.0004 

Antiparkinson agents  -0.0102 0.1318 0.99 0.765 1.281 0.9382 

Antivertigo medication 0.2638 0.2453 1.302 0.805 2.105 0.2822 

Anticholinergic burden (Anticholinergic Drug Scale score) 0.0478 0.0088 1.049 1.031 1.067 <.0001 

Medication use 90 days before index date       

Alpha-blockers 0.4622 0.0601 1.588 1.411 1.786 <.0001 

Beta-blockers 0.0555 0.0594 1.057 0.941 1.187 0.3501 

Calcium channel blockers  0.0447 0.0683 1.046 0.915 1.195 0.5132 

ACE inhibitors 0.0483 0.0602 1.049 0.933 1.181 0.4231 

Diuretics  0.1016 0.0594 1.107 0.985 1.244 0.0869 

Antidepressants  0.2019 0.06 1.224 1.088 1.377 0.0008 

Antipsychotics  -0.1868 0.0655 0.83 0.73 0.943 0.0043 

Anticonvulsants 0.2415 0.0653 1.273 1.12 1.447 0.0002 

Benzodiazepines  0.0138 0.0963 1.014 0.839 1.224 0.8863 

Cognitive enhancers -0.2797 0.0805 0.756 0.646 0.885 0.0005 

Antiparkinson agents -0.00283 0.1263 0.997 0.778 1.277 0.9821 

Antivertigo medication 0.2231 0.1973 1.25 0.849 1.84 0.2581 

Anticholinergic burden (Anticholinergic Drug Scale score) 0.0219 0.0058 1.022 1.011 1.034 0.0002 
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Table 4.5 continued 

Effect 
Parameter 
Estimate 

Standard 
Error 

Odds 
Ratio 

95% Wald   Confidence 
Limits 

p-value 

Bladder Continence      0.0001 

Continent  Reference      

Usually Continent 0.00787 0.1027 1.008 0.824 1.233  

Occasionally Incontinent -0.0526 0.1209 0.949 0.749 1.202  

Frequently Incontinent -0.1365 0.125 0.872 0.683 1.115  

Incontinent  -0.3567 0.0835 0.7 0.594 0.824  

Unknown (missing or out of range value)   0.9862 0.4394 2.681 1.133 6.344  

Bladder Continence Management       

Scheduled toileting plan -0.1238 0.0711 0.884 0.769 1.016 0.0818 

Bladder retraining program -0.0816 0.2111 0.922 0.609 1.394 0.6992 

External catheter -0.1781 0.1098 0.837 0.675 1.038 0.1049 

Indwelling catheter 0.8981 0.0662 2.455 2.156 2.795 <.0001 

Intermittent catheter 0.0721 0.2037 1.075 0.721 1.602 0.7233 

Pads/Briefs Used -0.1005 0.0624 0.904 0.8 1.022 0.1073 

No appliance or program -0.2468 0.0626 0.781 0.691 0.883 <.0001 

UTI in last 30 days- no (%) 0.5028 0.0833 1.653 1.404 1.947 <.0001 

Bowel Continence      0.0014 

Continent  Reference      

Usually Continent 0.1508 0.0981 1.163 0.959 1.409  

Occasionally Incontinent -0.1112 0.131 0.895 0.692 1.157  

Frequently Incontinent -0.1816 0.1445 0.834 0.628 1.107  

Incontinent  -0.2795 0.0767 0.756 0.651 0.879  

Unknown (missing or out of range value)   0.00378 1.0281 1.004 0.134 7.53  

Bowel Elimination Pattern- no (%)        

Regular -0.1597 0.0604 0.852 0.757 0.96 0.0082 

Constipation 0.282 0.0799 1.326 1.134 1.55 0.0004 

Diarrhea 0.416 0.1193 1.516 1.2 1.915 0.0005 

Fecal Impaction 0.0685 0.5934 1.071 0.335 3.426 0.9081 
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Table 4.5 continued 

Effect 
Parameter 
Estimate 

Standard 
Error 

Odds 
Ratio 

95% Wald   Confidence 
Limits 

p-value 

Cognitive Performance Score      <.0001 

Intact: CPS=0 Reference      

Borderline intact: CPS=1 0.1179 0.0823 1.125 0.958 1.322  

Mild impairment: CPS=2 -0.0517 0.0961 0.95 0.787 1.146  

Moderate impairment: CPS=3 -0.4733 0.0891 0.623 0.523 0.742  

Moderate severe impairment: CPS=4 -0.389 0.2132 0.678 0.446 1.029  

Severe impairment: CPS=5 -0.6234 0.1274 0.536 0.418 0.688  

Very severe impairment: CPS=6 -0.5513 0.1829 0.576 0.403 0.825  

Unknown   -0.2188 0.5929 0.803 0.251 2.568  

Activities of Daily Living (ADL score- 0=independent) -0.00713 0.00353 0.993 0.986 1 0.0432 

CHESS      0.2829 

CHESS=0 Reference      

CHESS=1 0.0019 0.0763 1.002 0.863 1.164  

CHESS=2 0.1181 0.0827 1.125 0.957 1.323  

CHESS=3 -0.0353 0.1118 0.965 0.775 1.202  

CHESS=4 0.2528 0.1847 1.288 0.897 1.849  

CHESS=5 0.4335 0.5213 1.543 0.555 4.285  

Unknown   -0.1639 0.1363 0.849 0.65 1.109  

MDS Behavioral Score (0=no problem behavior) -0.0977 0.0201 0.907 0.872 0.943 <.0001 

Vision      0.4737 

Adequate Reference      

Impaired 0.0661 0.0738 1.068 0.925 1.235  

Moderately impaired 0.0668 0.1342 1.069 0.822 1.391  

Highly impaired -0.3497 0.2151 0.705 0.462 1.074  

Severely impaired -0.1944 0.2752 0.823 0.48 1.412  

Unknown (missing or out of range value)  -0.1286 0.4586 0.879 0.358 2.16  
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Table 4.5 continued 

Effect 
Parameter 
Estimate 

Standard 
Error 

Odds 
Ratio 

95% Wald   Confidence 
Limits 

p-value 

Balance while standing      0.5586 

Maintained position as required in test Reference      

Unsteady, but able to rebalance w/o physical support 0.0796 0.0966 1.083 0.896 1.309  

Partial physical support during test or stands but does not follow directions for 
test 

0.0776 0.0939 1.081 0.899 1.299  

Not able to attempt test w/o physical help 0.0856 0.0832 1.089 0.925 1.282  

Unknown (missing or out of range value)   0.2699 0.1635 1.31 0.951 1.805  

Balance while sitting      0.4157 

Maintained position as required in test Reference      

Unsteady, but able to rebalance w/o physical support -0.1546 0.1099 0.857 0.691 1.063  

Partial physical support during test or stands but does not follow directions for 
test 

-0.0324 0.1107 0.968 0.779 1.203  

Not able to attempt test w/o physical help 0.112 0.1001 1.118 0.919 1.361  

Unknown (missing or out of range value)   -0.1915 0.3876 0.826 0.386 1.765  

Unsteady Gait 0.019 0.0596 1.019 0.907 1.146 0.7501 

Fell in past 30 days -0.0417 0.0757 0.959 0.827 1.113 0.5814 

Fell in past 31-180 days 0.0813 0.07 1.085 0.946 1.244 0.2457 

Hip fracture in last 180 days -0.4001 0.2098 0.67 0.444 1.011 0.0566 

Other fracture in past 180 days 0.1171 0.1741 1.124 0.799 1.581 0.5012 

       



91 
 

 

 

The final predictive model had a C-statistic=0.705 and provided a good fit 

(p= 0.2047 for the Hosmer and Lemeshow Goodness-of-Fit test). It included age, 

FY at admission and VISN among other variables; variables that increased the 

chance of being initiated on a BAM included gender (female), urinary 

incontinence, indwelling catheter, urinary tract infections, some comorbidities 

(hypertension, stroke, cancer, paralysis, depression), increased body mass 

index, medication use (more than 3 drugs prescribed, alpha-blockers, 

anticonvulsants, and a higher anticholinergic score), and diarrhea. Hip fracture in 

the last 180 days, comorbidities (diabetes, psychosis, having multiple Elixhauser 

comorbidities), diuretics, bowel incontinence or having regular bowel movements, 

cognitive impairment, being dependent (high ADL score) or having a high 

behavioral score, all  decreased the chance of starting a BAM. 
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Table 4.6 Final predictive model for bladder antimuscarinics initiation 

 Type 3 Analysis of Effects DF 
Wald 

p-value 
Chi-Square 

Age category 4 9.5579 0.0486 

Gender   1 21.5301 <.0001 

FY at admission 6 29.6001 <.0001 

VISN 20 84.9317 <.0001 

Hypertension  1 3.9024 0.0482 

Stroke  1 4.0605 0.0439 

Cancer  1 18.0563 <.0001 

Paralysis  1 6.2757 0.0122 

Diabetes complicated 1 5.5362 0.0186 

Depression  1 10.8537 0.001 

Psychosis  1 6.3875 0.0115 

Number of Elixhauser comorbidities  1 8.5194 0.0035 

Any hospitalizations and/or outpatient visit for an Elixhauser 
comorbidity 

1 5.3713 0.0205 

BMI category 5 17.4646 0.0037 

Number of meds in last 7 days 2 12.1477 0.0023 

Alpha-blockers in last 30 days 1 29.0134 <.0001 

Anticonvulsants in last 30 days 1 23.7147 <.0001 

Diuretics in last 30 days 1 3.9022 0.0482 

ADS total in last 30 days 1 5.13 0.0235 

Bladder continence 5 22.3464 0.0004 

Indwelling catheter 1 171.0753 <.0001 

UTI in last 30 days 1 6.1436 0.0132 

Bowel continence 5 11.5664 0.0412 

Regular bowel movements 1 4.886 0.0271 

Diarrhea  1 4.3287 0.0375 

Cognitive Performance Score 7 21.6646 0.0029 

Activities of Daily Living 1 10.852 0.001 

MDS Behavioral Score 1 4.7003 0.0302 

Hip fracture in last 180 days 1 5.9253 0.0149 

*FY= fiscal year; VISN= Veteran Integrated Service Network; BMI=Body Mass 
Index; UTI= urinary tract infection; ADS- Anticholinergic Drug Scale; MDS= 
Minimum Data Set
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Table 4.7 Final predictive model for bladder antimuscarinics initiation - Adjusted odds ratio estimates 

Parameter 

 Analysis of Maximum Likelihood Estimates Odds Ratio Estimates 

 Estimate Standard Wald Pr > ChiSq Point  95% Wald  

  Error Chi-Square  Estimate Confidence Limits 

Intercept  -3.3876 0.3156 115.1915 <.0001    

Age category 65 to 69 Reference        

 70 to 74 0.2641 0.122 4.6834 0.0305 1.302 1.025 1.654 

 75 to 79 0.1572 0.1199 1.7189 0.1898 1.17 0.925 1.48 

 80 to 84 0.3251 0.1164 7.8035 0.0052 1.384 1.102 1.739 

 85+ 0.2131 0.124 2.9537 0.0857 1.237 0.971 1.578 

Gender   Male  Reference        

 Female  0.7446 0.1605 21.5301 <.0001 2.106 1.537 2.884 

FY at admission 2003 Reference        

 2004 0.0792 0.0966 0.6727 0.4121 1.082 0.896 1.308 

 2005 0.0184 0.1019 0.0325 0.8570 1.019 0.834 1.244 

 2006 -0.00044 0.1049 0.0000 0.9967 1.000 0.814 1.228 

 2007 -0.1399 0.1104 1.6057 0.2051 0.869 0.700 1.080 

 2008 -0.1486 0.1122 1.7546 0.1853 0.862 0.692 1.074 

 2009 -0.6572 0.1453 20.4448 <.0001 0.518 0.390 0.689 

FY= fiscal year 
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Table 4.7 continued 

Parameter 

 Analysis of Maximum Likelihood Estimates Odds Ratio Estimates 

 Estimate Standard Wald Pr > ChiSq Point  95% Wald  

  Error Chi-Square  Estimate Confidence Limits 

VISN 1 Reference        

 2 -0.2291 0.2304 0.9888 0.32 0.795 0.506 1.249 

 3 -0.0252 0.2047 0.0151 0.9022 0.975 0.653 1.457 

 4 0.3986 0.1762 5.1175 0.0237 1.49 1.055 2.104 

 5 0.0344 0.2092 0.0271 0.8692 1.035 0.687 1.56 

 6 0.1611 0.1948 0.684 0.4082 1.175 0.802 1.721 

 7 -0.0965 0.2186 0.195 0.6588 0.908 0.592 1.394 

 8 0.00903 0.1856 0.0024 0.9612 1.009 0.701 1.452 

 9 0.3097 0.2217 1.9524 0.1623 1.363 0.883 2.105 

 10 -0.1775 0.213 0.6945 0.4047 0.837 0.552 1.271 

 11 0.5422 0.187 8.4059 0.0037 1.72 1.192 2.481 

 12 0.00642 0.2149 0.0009 0.9762 1.006 0.66 1.534 

 15 0.4459 0.2194 4.1295 0.0421 1.562 1.016 2.401 

 16 0.3676 0.1958 3.5254 0.0604 1.444 0.984 2.12 

 17 -0.0265 0.206 0.0166 0.8975 0.974 0.65 1.458 

 18 0.6911 0.1976 12.226 0.0005 1.996 1.355 2.94 

 19 0.3362 0.2622 1.6437 0.1998 1.4 0.837 2.34 

 20 0.0327 0.2424 0.0182 0.8925 1.033 0.643 1.662 

 21 -0.3388 0.2051 2.729 0.0985 0.713 0.477 1.065 

 22 -0.5485 0.2741 4.0035 0.0454 0.578 0.338 0.989 

 23 0.2242 0.1898 1.3955 0.2375 1.251 0.863 1.815 

VISN= Veterans Integrated Service Network
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Table 4.7 continued 

Parameter 

 Analysis of Maximum Likelihood Estimates Odds Ratio Estimates 

 Estimate Standard Wald p-value Point  95% Wald  

  Error Chi-Square  Estimate Confidence Limits 

Hypertension  
 

0.1519 0.0769 3.9024 0.0482 1.164 1.001 1.353 

Stroke  
 

0.1582 0.0785 4.0605 0.0439 1.171 1.004 1.366 

Cancer  
 

0.3028 0.0713 18.0563 <.0001 1.354 1.177 1.557 

Paralysis  
 

0.4105 0.1638 6.2757 0.0122 1.508 1.093 2.078 

Diabetes complicated 
 

-0.2337 0.0993 5.5362 0.0186 0.792 0.652 0.962 

Depression  
 

0.3111 0.0944 10.8537 0.001 1.365 1.134 1.642 

Psychosis  
 

-0.2445 0.0968 6.3875 0.0115 0.783 0.648 0.947 

Number of Elixhauser comorbidities  -0.0436 0.0149 8.5194 0.0035 0.957 0.93 0.986 

No hospitalizations and/or outpatient visit for an 
Elixhauser comorbidity 

-0.2623 0.1132 5.3713 0.0205 0.769 0.616 0.96 

BMI Normal weight Reference        

 Overweight  0.1349 0.0728 3.4358 0.0638 1.144 0.992 1.32 

 
Obese  0.2467 0.0908 7.387 0.0066 1.28 1.071 1.529 

 
Morbidly obese 0.6404 0.3009 4.5294 0.0333 1.897 1.052 3.422 

 
Underweight  -0.2242 0.1288 3.0292 0.0818 0.799 0.621 1.029 

 
Missing  0.0572 0.1833 0.0973 0.755 1.059 0.739 1.517 

Number of meds in last 7 days <3 Reference        

 
3 - 10 -0.0454 0.2326 0.0381 0.8452 0.956 0.606 1.507 

 
>10 0.2036 0.2333 0.7617 0.3828 1.226 0.776 1.936 

Alpha-blockers in last 30 days 
 

0.3494 0.0649 29.0134 <.0001 1.418 1.249 1.61 

Anticonvulsants in last 30 days 
 

0.3435 0.0705 23.7147 <.0001 1.41 1.228 1.619 

Diuretics in last 30 days 
 

-0.1354 0.0686 3.9022 0.0482 0.873 0.764 0.999 

ADS total in last 30 days 
 

0.0235 0.0104 5.13 0.0235 1.024 1.003 1.045 

BMI=Body Mass Index; ADS= Anticholinergic Drug Scale
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Table 4.7 continued 

Parameter 

 Analysis of Maximum Likelihood Estimates Odds Ratio Estimates 
 Estimate Standard Wald Pr > ChiSq Point  95% Wald  

  Error Chi-Square  Estimate Confidence Limits 

Bladder continence Continent  Reference        

 
Usually Continent 0.3345 0.1161 8.299 0.004 1.397 1.113 1.754 

 
Occasionally 
Incontinent 

0.3728 0.1355 7.5747 0.0059 1.452 1.113 1.893 

 
Frequently 
Incontinent 

0.4264 0.146 8.528 0.0035 1.532 1.151 2.039 

 
Incontinent  0.4091 0.1154 12.5712 0.0004 1.505 1.201 1.887 

 
Missing  0.4551 0.4686 0.9434 0.3314 1.576 0.629 3.949 

Indwelling catheter 
 

1.0988 0.084 171.0753 <.0001 3 2.545 3.538 

UTI in last 30 days 
 

0.2215 0.0894 6.1436 0.0132 1.248 1.047 1.487 

Bowel continence Continent  Reference        

 
Usually Continent 0.0395 0.1125 0.1231 0.7256 1.04 0.834 1.297 

 
Occasionally 
Incontinent 

-0.2409 0.1473 2.6737 0.102 0.786 0.589 1.049 

 
Frequently 
Incontinent 

-0.31 0.1658 3.4985 0.0614 0.733 0.53 1.015 

 
Incontinent  -0.3177 0.116 7.5023 0.0062 0.728 0.58 0.914 

 
Missing  -0.484 1.0602 0.2084 0.648 0.616 0.077 4.923 

Regular bowel elimination pattern -0.1393 0.063 4.886 0.0271 0.87 0.769 0.984 

Diarrhea  
 

0.2645 0.1271 4.3287 0.0375 1.303 1.015 1.671 

UTI= Urinary tract infections



97 
 

 

Table 4.7 continued 

Parameter 

 Analysis of Maximum Likelihood Estimates Odds Ratio Estimates 
 Estimate Standard Wald Pr > ChiSq Point  95% Wald  

  Error Chi-Square  Estimate Confidence Limits 

Cognitive Performance Score Intact  Reference        

 
Borderline intact 0.0974 0.0864 1.2701 0.2597 1.102 0.931 1.306 

 
Mild impairment -0.0566 0.1012 0.3127 0.576 0.945 0.775 1.152 

 
Moderate impairment -0.3579 0.1004 12.713 0.0004 0.699 0.574 0.851 

 
Moderate severe 
impairment  

-0.2763 0.2252 1.5057 0.2198 0.759 0.488 1.179 

 
Severe impairment -0.3418 0.1487 5.2863 0.0215 0.71 0.531 0.951 

 
Very severe impairment -0.1835 0.2081 0.7777 0.3779 0.832 0.554 1.252 

 
Missing  -0.1729 0.6044 0.0818 0.7749 0.841 0.257 2.751 

Activities of Daily Living 
 

-0.0177 0.00536 10.852 0.001 0.982 0.972 0.993 

MDS Behavioral Score 
 

-0.0475 0.0219 4.7003 0.0302 0.954 0.914 0.995 

Hip Fracture in last 180 days 
 

-0.5231 0.2149 5.9253 0.0149 0.593 0.389 0.903 

MDS= Minimum Data Set  
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Aim 2 

Aim 2: Determine whether initiation of BAM is associated with increased risk of 

fractures and impaired cognition. 

 Hypothesis 2a: BAM will increase the risk of fractures in NH residents 

 Hypothesis 2b: BAM will negatively affect cognitive status as measured by 

MDS-CPS  

An important part of the analysis consisted in constructing the PS for new-

users and non-users. The complete list of variables included in our PS model 

along with information on the maximum likelihood estimates and the 

corresponding odds ratio estimates can be found in Table 4.8 below. This PS 

model had a C-statistic of 0.713.  

The distribution of PS for the two groups (see Figure 4.2 and Table 4.9) 

allowed for matching new-users with up to 5 non-users.  

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Distribution of propensity scores in new-users and non-users 
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Table 4.8:  Propensity Score Model 

Parameter 

Odds Ratio Estimates 

Point 
Estimate 

95% Wald 

Confidence Limits 

Male 
 

0.45 0.322 0.628 

Age  

(reference=65 to 69) 
70 to 74 1.269 0.993 1.622 

75 to 79 1.109 0.87 1.413 

80 to 84 1.355 1.07 1.715 

85+ 1.161 0.9 1.497 

Race  

(reference=white) 
black 0.99 0.811 1.21 

other 0.943 0.737 1.208 

VISN 

(reference=VISN 1) 
2 0.859 0.535 1.379 

3 1.02 0.667 1.559 

4 1.59 1.104 2.291 

5 0.943 0.604 1.474 

6 1.32 0.882 1.974 

7 0.891 0.566 1.402 

8 1.064 0.723 1.568 

9 1.488 0.949 2.334 

10 0.928 0.6 1.434 

11 1.794 1.216 2.648 

12 1.138 0.732 1.769 

15 1.648 1.052 2.583 

16 1.586 1.062 2.369 

17 1.049 0.689 1.596 

18 2.164 1.443 3.247 

19 1.545 0.91 2.621 

20 1.052 0.636 1.74 

21 0.778 0.511 1.186 

22 0.658 0.376 1.152 

23 1.396 0.945 2.063 

FY at admission 

(reference=2009) 
2003 1.744 1.298 2.344 

2004 1.848 1.375 2.484 

2005 1.767 1.308 2.388 

2006 1.752 1.294 2.372 

2007 1.456 1.066 1.989 

2008 1.497 1.097 2.044 
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Table 4.8 continued 
BMI 

(reference=normal) 
Morbidly obese 1.975 1.089 3.581 

Obese 1.285 1.068 1.546 

Overweight 1.147 0.989 1.331 

Underweight 0.845 0.651 1.097 

Missing or extreme values 1.099 0.757 1.595 

Bowel Continence 

(reference=continent) 
Usually Continent 1.05 0.834 1.321 

Occasionally Incontinent 0.79 0.585 1.067 

Frequently Incontinent 0.748 0.535 1.045 

Incontinent  0.712 0.559 0.906 

Missing  0.728 0.091 5.846 

Bladder Continence 

(reference=continent) 
Usually Continent 1.39 1.096 1.763 

Occasionally Incontinent 1.469 1.107 1.949 

Frequently Incontinent 1.472 1.079 2.008 

Incontinent  1.462 1.145 1.866 

Missing  1.27 0.469 3.44 

Scheduled toileting plan 
 

0.96 0.807 1.141 

Bladder retraining program 
 

0.955 0.619 1.474 

External catheter 
 

1.113 0.867 1.428 

Indwelling catheter 
 

2.889 2.373 3.516 

Intermittent catheter 
 

0.826 0.543 1.256 

Pads/Briefs Used 
 

0.962 0.811 1.14 

No appliance or program 
 

0.861 0.707 1.048 

UTI in last 30 days 
 

1.249 1.041 1.499 

Regular Bowel Elimination 
 

0.87 0.76 0.995 

Constipation 
 

1.129 0.944 1.351 

Diarrhea 
 

1.299 1.002 1.684 

Fecal Impaction 
 

0.884 0.263 2.968 

Cognitive Performance Score 

(reference=intact) 
Borderline intact 1.109 0.929 1.323 

Mild impairment 0.926 0.751 1.143 

Moderate impairment 0.712 0.575 0.881 

Moderate severe 
impairment  

0.799 0.509 1.254 

Severe impairment 0.694 0.508 0.948 

Very severe impairment 0.702 0.447 1.103 

Missing  0.862 0.259 2.867 

Activities of Daily Living  (0=independent) 0.975 0.962 0.988 

CHESS 

(reference=0) 
CHESS=1 0.953 0.811 1.119 

CHESS=2 1.008 0.84 1.211 

CHESS=3 0.796 0.618 1.026 

CHESS=4 1.047 0.689 1.59 

CHESS=5 1.486 0.51 4.325 

Missing  0.861 0.643 1.153 
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Table 4.8 continued 
MDS Behavioral Score 0=no problem behavior 0.965 0.923 1.008 

Balance while standing 

(reference=0) 
Unsteady, but able to rebalance 
w/o physical support 

1.071 0.869 1.32 

Partial physical support during 
test or stands but does not 
follow directions for test 

1.055 0.852 1.305 

Not able to attempt test w/o 
physical help 

1.069 0.855 1.335 

Unknown (missing or out of 
range value)   

1.389 0.936 2.062 

Balance while sitting 

(reference=0) 
Unsteady, but able to rebalance 
w/o physical support 

0.873 0.69 1.106 

Partial physical support during 
test or stands but does not 
follow directions for test 

0.998 0.769 1.294 

Not able to attempt test w/o 
physical help 

1.326 1.03 1.708 

Unknown (missing or out of 
range value)   

0.864 0.375 1.989 

Number of comorbidities 
(inpatient and outpatient)  

0.956 0.92 0.994 

No hospitalizations 
and/or outpatient visits  

0.785 0.623 0.99 

Congestive Heart Failure 
 

0.964 0.818 1.137 

Cardiac Dysrhythmias 
 

1.153 0.972 1.368 

Hypertension 
 

1.176 1 1.384 

Hypertension 
complicated  

0.937 0.732 1.2 

Paralysis 
 

1.562 1.123 2.173 

COPD 
 

1.029 0.878 1.206 

Diabetes 
 

1.022 0.879 1.187 

Diabetes complicated 
 

0.769 0.617 0.959 

Tumor with metastasis 
 

1.122 0.799 1.575 

Hypotension  
 

0.622 0.365 1.059 

Osteoporosis 
 

0.94 0.741 1.192 

Cancer 
 

1.307 1.117 1.528 

Stroke 
 

1.159 0.988 1.36 

Depression  1.352 1.11 1.647 

Psychosis  0.814 0.663 1 

Unsteady Gait 
 

0.979 0.857 1.118 
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Table 4.8 continued 
Vision 

(reference=normal) 
Impaired 1.128 0.965 1.317 

Moderately impaired 1.13 0.853 1.498 

Highly impaired 0.951 0.609 1.485 

Severely impaired 0.992 0.561 1.756 

Unknown (missing or out 
of range value)  

1.211 0.475 3.088 

Fell in past 30 days 
 

0.972 0.825 1.145 

Fell in past 31-180 days 
 

1.135 0.975 1.322 

Hip fracture in past 180 days 
 

0.593 0.383 0.918 

Other fracture in past 180 days 
 

0.841 0.567 1.248 

Number of meds in last 7 days 
 

1.238 1.077 1.423 

Alpha-blockers in last 30 days 
 

1.462 1.281 1.669 

ACE inhibitors in last 30 days 
 

0.973 0.847 1.117 

Antidepressants in last 30 days 
 

1.088 0.954 1.241 

Antipsychotics in last 30 days 
 

0.934 0.792 1.102 

Anticonvulsants in last 30 days 
 

1.392 1.206 1.607 

BZD in last 30 days 
 

0.846 0.622 1.151 

Antiparkinson meds in last 30 days 
 

1.006 0.765 1.323 

Antivertigo in last 30 days 
 

1.131 0.686 1.865 

CNS stimulants in last 30 days 
 

0.909 0.751 1.101 

Beta-blockers in last 30 days 
 

0.954 0.834 1.09 

Diuretics in last 30 days 
 

0.863 0.746 0.997 

Calcium channel blockers in last 30 days 
 

0.925 0.798 1.072 

ADS total in last 30 days 
 

1.028 1.005 1.051 

 
 
 
 
 

Table 4.9 Propensity Score Distribution 

 BAM use  

PS Quintile Non-users /New-users Total 

1 4481 (20.73%) 67 (5.95%) 4548 

2 4433 (20.51%) 115 (10.21%) 4548 

3 4384 (20.28%) 165 (14.65%) 4549 

4 4307 (19.93%) 241 (21.4%) 4548 

5 4010 (18.55%) 538 (47.78%) 4548 

Total 21615 1126 22741 
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Hip Fracture Analysis 

Figure 4.3 depicts the flow diagram for the final groups included in the hip 

fracture analysis. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Table 4.10 summarizes the matching process and provides information on 

the comparability of new-users with their controls in terms of PS distribution for 

those included in the hip fracture analysis. After matching on PS, balance 

between the two groups was achieved for all of the variables included in the PS 

model (see table A 14 in the Appendix). 

To summarize the PS matching process, out of the 1195 new-users 

identified in our cohort, after applying the exclusion criteria and defining the final 

event date, 1126 new-users entered the matching process. Of these, 1125 had at

 

Figure 4.3: Flow diagram- Identification of study groups included in the 
hip fracture analysis 
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Table 4.10: Propensity Score Matching- Summary 

CONTROL  
Users 

N 
Label N Mean Median Minimum 

10th 
Pctl 

25th 
Pctl 

75th 
Pctl 

90th 
Pctl 

Maximum Sum 

1 1125            

  
PS/USER 1125 0.085 0.066 0.006 0.025 0.039 0.108 0.171 0.482 95.456 

PS/NON-USER 1125 0.085 0.066 0.006 0.025 0.039 0.108 0.171 0.487 95.478 

2 1116            

  
PS/USER 1116 0.083 0.066 0.006 0.025 0.039 0.107 0.168 0.369 92.409 

PS/NON-USER 1116 0.083 0.066 0.006 0.025 0.039 0.107 0.168 0.361 92.415 

3 1100            

  
PS/USER 1100 0.08 0.065 0.006 0.025 0.039 0.105 0.159 0.346 87.923 

PS/NON-USER 1100 0.08 0.065 0.006 0.025 0.039 0.105 0.159 0.349 87.886 

4 1075            

  
PS/USER 1075 0.076 0.063 0.006 0.025 0.038 0.102 0.146 0.346 81.661 

PS/NON-USER 1075 0.076 0.063 0.006 0.025 0.038 0.102 0.147 0.343 81.625 

5 1053            

  
PS/USER 1053 0.073 0.062 0.006 0.024 0.037 0.1 0.141 0.346 76.94 

PS/NON-USER 1053 0.073 0.062 0.006 0.024 0.037 0.1 0.14 0.35 76.899 

*PS= propensity score 
 
There were 1125 new-users that had at least one non-user matched by propensity score, 1116 had at least two  
matched non-users, 1100 had three, 1075 had four, and 1153 had five non-users matched by PS. In the matching 
process, each new-user was matched to one non-user first. The process continued and the second match was  
attempted for all the 1125 that had a first match; 1116 had a non-user with a similar PS identified. The process  
was reiterated until the fifth control was identified. For the first selected control, there was no difference in PS mean, 
median, minimum and 10th, 25th, 75th and 90th percentiles between new-users and non-users. The only difference  
was in the maximum PS score (0.482 vs 0.487). The distribution of PS in new-users and the second, third, fourth,  
and fifth matched non-users was similar.
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 least one non-user with a similar PS, with 1053 having five comparable controls. 

The final groups consisted in 1125 new-users and 5469 corresponding controls. 

The follow-up time was 1,280,201 person-days for all non-users and 181,669 

person-days for new-users. The maximum follow-up time for matched non-users 

was 2505 days, with a mean of 234.08 days and a median of 95 days. The 

maximum follow-up time for new-users was 2045 days, with a mean of 161.48 

days and a median of 49 days.  

During the total follow-up time 13 hip fractures were identified in the new-

users group and 100 hip fractures in the non-users group. Table 4.11 below 

presents the information on the source of data for identifying hip fractures. The 

distribution of ascertainment source did not differ between BAM users and non-

users. 

 
 
 

Table 4.11 Distribution of data sources to identify hip fractures 

Data Source  
BAM use 

Total 
New-users Non-users 

MDS only- N (Col Pct) 4 (30.77%) 24 (24.00%) 28 

MDS and other source- N (Col Pct) 3 (23.08%) 31 (31.00%) 34 

Other source only- N (Col Pct) 6 (46.15%) 45 (45.00%) 51 

Total 13 100 113 

*Note: other sources = hospital discharge and/or outpatient visits  
 
 
 

Of the 113 hip fractures, 31 (1 in the new-users group and 30 in the non-

users group) occurred less than 90 days before the date of death. Of these, the 

majority (N=22) had a hospital admission for the hip fracture; the remaining 9 (all 

in the non-users group) were identified from MDS exclusively. 

As described in the ‘Statistical analyses’ section, our time to event 

analysis was conducted using a Cox proportional hazard model; the model 



106 
 

 
 

included an indicator of BAM use and a variable indicating the exposure time 

(defined as time during which the gap between two consecutive BAM 

prescriptions was less than 7 days) out of the total follow-up time. For our BAM 

exposure indicator, the proportionality assumption was evaluated by constructing 

survival curves stratified by exposure (see Figure 4.4 below). For the variable 

indicating the number of days with BAM exposure, the assumption was checked 

with the proportionality test on the interaction term with time (p-value=0.0185). 

Due to the fact that the proportionality assumption was violated, the final model 

also included interaction terms with time for both indicators of exposure 

mentioned above. 
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Note: flwupday=time to event; bam_use=indicator of BAM use; SDF= 
Survival Distribution Function 

Figure 4.4: Cox Proportional Model Assumption for bladder 
antimuscarinics use indicator 

 

 

 

New-users 

Non-users 

New-users 

Non-users 
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The hazard ratio calculated with the Cox proportional hazard model 

mentioned earlier indicated an increased risk of hip fracture in new-users as 

compared with non-users (HR=3.688, 95% CI: 1.457 - 9.337, p=0.0059). Table 

4.12 below summarizes the estimates for the Cox proportional hazard model.  

 
 
 

Table 4.12 Hip fracture analysis- Cox proportional model parameter 
estimates 

Parameter 
Parameter 
estimate 

Standard Error Hazard ratio p value 

BAM use indicator (yes/no) 1.30504 0.47398 3.688 0.0059 

Exposure duration -0.00981 0.0037 0.990 0.008 

BAM use*time -0.0005107 0.00142 0.999 0.72 

Exposure duration*time 7.81E-06 3.31E-06 1.00 0.0185 

 
 
 

When restricting the analysis to only include new-users that had exposure 

to Oxybutynin IR, the hazard ratio suggested even a higher risk as compared to 

non-users (HR=4.899, 95%CI: 1.785 - 13.444, p=0.002). 

We conducted two sensitivity analyses; in the first one we excluded 

fractures that were identified from MDS exclusively through the first assessment 

following the index date. With this approach, there is more certainty that all of the 

fractures included in the analysis occurred after the index date; four fractures 

(one in the BAM users group and three in the non-users group) were excluded. 

The hazard ratio suggested the increased risk associated with BAM exposure 

(HR=3.294, 95%CI: 1.294 – 8.687). Table 4.13 below shows the complete results 

for this sensitivity analysis. 
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Table 4.13 Sensitivity analysis- Excluding hip fractures with uncertain 
temporal relationship 

Parameter 
Parameter 
estimate 

Standard Error Hazard Ratio p value 

BAM use indicator (yes/no) 1.192 0.495 3.294 0.016 

Exposure duration -0.009 0.004 0.991 0.012 

BAM use*time -0.0004 0.0014 1.00 0.78 

Exposure duration*time 7.15E-06 3.27E-06 1.00 0.03 

 
 
 

The second sensitivity analysis aimed to eliminate the potential residual 

unmeasured confounding. We evaluated the hip fracture risk after trimming the 

PS distribution. This approach eliminated new-users with very low PS (thus 

suggesting that based on their baseline characteristics, their likelihood for getting 

treated was very low) and non-users with high PS (expected to be treated). The 

hazard ratio estimate slightly increased when 1% was trimmed at both ends of 

the distribution, and increased more substantially when 5% was trimmed (see 

Table 4.14 below). When trimming 5% of the distribution, 6 of the fractures that 

were not included in the analysis (1 in the new-users group and 5 in the non-

users group) were part of the 31 described earlier as occurring less than 90 days 

from the date of death. 

The two sensitivity analyses we conducted support the result from the 

main analysis and further supports that BAM initiation increases the risk of hip 

fractures.  

 
 
 

Table 4.14 Sensitivity analysis- Propensity score distribution trimming 

PS distribution 
Number of fractures 

Hazard ratio 95% CI 
BAM users Non-users 

No trimming 13 100 3.688 1.457 9.337 

Trimming <1% and >99% 11 95 3.966 1.455 10.811 

Trimming <5% and >95% 9 80 5.045 1.658 15.353 
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Any Fracture Analysis 

The two groups included in the analysis for our ‘any fracture’ are depicted 

in Figure 3.5 below. 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

The difference in the number of new-users and non-users between this 

analysis and the hip fracture analysis resulted from the assignment of the event 

date for those fractures that were only identified from MDS. Specifically, since the 

index date was between two MDS assessments, if the fracture was identified 

based on the first MDS assessment following the index date, the only information 

available was of the event taking place sometime between the two consecutive 

assessments. Since our protocol assigned an event date as the mid-point 

 

Figure 4.5: Flow diagram- Identification of study groups included in the ‘any 
fracture’ analysis 
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between the two assessments, for some of the fractures this date fell before the 

index date; therefore, they were excluded from the analysis. 

There were 195 fractures identified, of which 23 occurred among new-users and 

172 among non-users. 

Similarly to the hip fracture analysis, after checking the proportionality 

assumption for the BAM use indicator and for the exposure duration indicator, the 

Cox proportional hazard model for the ‘any fracture’ analysis included interaction 

terms with time for the aforementioned variables.  

When all of the BAM users were included in the analysis, there was a 

higher risk of fracture for new-users as compared to non-users (HR=2.64. 95% 

CI: 1.366 - 5.104, p=0.0039).  The risk was even higher when only those using 

Oxybutynin IR were considered (HR=2.78, 95% CI: 1.311 - 5.892, p=0.0077). 

Cognitive Performance Analysis 

A flow diagram depicting the groups included in the repeated measures 

analyses (cognitive performance, improvement in urinary incontinence, and QOL) 

is shown below (Figure 4.6).
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Figure 4.6: Flow diagram- Identification of study groups  
included in the repeated measures analysis 
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The two groups included in the longitudinal repeated measures analysis 

had similar distributions at baseline for cognitive performance measured by the 

MDS-CPS. There was no difference in the mean CPS between the two groups 

(p=0.1108); the mean CPS at baseline was 1.3842 (SD=1.6454) for new-users 

and 1.5372 (SD=1.6781) for non-users. The distribution by CPS categories was 

similar as well (p=0.4605) and is presented in Table 4.15 below. 

 
 
 

Table 4.15 Distribution of Cognitive Performance 
Scale scores at baseline 

CPS- N (Col %) Non-users New-users Total 

0 675 (38.05) 153 (41.69) 828 

1 377 (21.25) 80 (21.8) 457 

2 222 (12.51) 48 (13.08) 270 

3 303 (17.08) 51 (13.9) 354 

4 38 (2.14) 10 (2.72) 48 

5 124 (6.99) 17 (4.63) 141 

6 30 (1.69) 6 (1.63) 36 

missing 5 (0.28) 2 (0.54) 7 

Total 1774 367 2141 

 
 
 

For the analysis evaluating the impact of BAM use on the cognitive 

performance, we assessed different models by including various time-varying 

covariates measured through the periodic MDS assessments. We also evaluated 

the potential effect modification by baseline CPS for the relationship between 

BAM use and cognitive performance at later times; this effect was assessed by 

including an interaction term between the BAM use indicator and baseline CPS, 

but was not included in the final model since it did not result in a significant 

estimate. 

Table 4.16 presents the GEE estimates for BAM from the unadjusted and 

the final model. 
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The final model evaluated the longitudinal effect of BAM use while 

adjusting for CPS at baseline, age, stroke, and use of antianxiety medication at 

each MDS assessment. Although the unadjusted estimate suggested that BAM 

users had a lower mean CPS (better outcome) at each time-point during follow-

up, after adjusting for baseline CPS and time-varying covariates it appears that 

there is no difference between the two groups with regard to the mean CPS. 

 
 
 
 

Table 4.16 Cognitive performance analysis- Generalized estimating 
equations method parameter estimates 

 
BAM Estimate Standard Error 95% Confidence Limits p-value 

Model 1 -0.2285 0.0883 -0.4015 -0.0554 0.0097 

Model 2 0.0050 0.0511 -0.0951 0.1051 0.9214 

Model 1: Unadjusted 

Model 2:  
 Adjusted for baseline CPS, age,  stroke indicator, antianxiety 

medication use 
 Other variables considered for inclusion: interaction BAM-  

baseline CPS , number of drugs used in  the last 7 days, 
schizophrenia, depression/antidepressants use, anxiety disorder, 
bipolar disease, hypnotic medication use 

 Model selection based on QIC 
 
 
 

           Table 4.17 below presents the GEE parameter estimates for all the 

variables included in the final model. BAM exposure did not significantly 

change the mean CPS. Baseline CPS was an important predictor for the 

mean CPS at each time point; in addition, age, stroke and use of 

antianxiety medication treated as time-varying indicators also resulted in a 

higher mean CPS value at each time point as compared with those 

without each of the indicators respectively.   
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Table 4.17 Cognitive performance analysis- Final model estimates 

Parameter Estimate 
Standard 

Error 
95% Confidence Limits p-value 

Intercept -0.4163 0.2282 -0.8635 0.0309 0.0681 

BAM 0.0050 0.0511 -0.0951 0.1051 0.9214 

BAM*Week -0.0027 0.0004 -0.0035 -0.0019 <.0001 

Baseline CPS 0.8833 0.0116 0.8606 0.9059 <.0001 

Age 0.0077 0.0028 0.0022 0.0133 0.0065 

Stroke 0.1295 0.0270 0.0766 0.1824 <.0001 

Antianxiety medication 0.0807 0.0240 0.0336 0.1277 0.0008 

Week 0.0043 0.0001 0.0040 0.0046 <.0001 

BAM= Bladder Antimuscarinics; CPS= Cognitive Performance Scale 
 
 

Aim 3 

Aim 3: Determine whether BAM initiation is associated with improvement in 

incontinence and QOL. 

 Hypothesis 3a: BAM will improve incontinence as measured by MDS 

Hypothesis 3b: BAM will improve social engagement as measured by 

MDS-ISE and overall QOL as measured by MDS-HSI 

Improvement in Urinary Incontinence 

The two groups included in the longitudinal repeated measures analysis 

had similar distributions at baseline for urinary continence status measured by 

the MDS. There was no difference in the mean urinary continence between the 

two groups (p=0.7835); the mean rating for continence at baseline was 1.1471 

(SD=1.6263) for new-users and 1.1731 (SD=1.6481) for non-users. The 

distribution by continence categories was similar as well (p=0.3802) and is 

presented in Table 4.18 below. 
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Table 4.18 Distribution of continence rating at baseline 

Continence- N (Col %) Non-users New-users Total 

Continent 1023 (57.67) 216 (58.86) 1239 

1 196 (11.05) 32 (8.72) 228 

2 128 (7.22) 32 (8.72) 160 

3 124 (6.99) 33 (8.99) 157 

4 294 (16.57) 52 (14.17) 346 

missing 9 (0.51) 2 (0.54) 11 

Total 1774 367 2141 

 
 
 

BAM use significantly improved urinary incontinence in the unadjusted 

analysis. The results remained significant even after time-varying covariates 

were added to the GEE model (Table 4.19). 

 
 
 

Table 4.19 Longitudinal analysis of bladder continence rating- Odds 
ratio estimates 

  OR Standard Error 95% Confidence Limits p-value 

Model 1 1.3432 0.1201 1.1273 1.6005 0.001 

Model 2 1.2664 0.1098 1.0686 1.5009 0.0064 

Model 1: Unadjusted 
Model 2:  

 Adjusted for baseline continence status, scheduled toileting 
plan, indwelling catheter, bowel continence  

 Other variables considered for inclusion: bladder retraining 
program, external catheter, intermittent catheter, Pads/briefs 
used, no appliances or programs used for urinary incontinence 
management, regular bowel elimination pattern, constipation, 
ADL, MDS behavioral score, age, diabetes, CHF,  PVD, 
antianxiety medication use, number of drugs use in  the last 7 
days, schizophrenia, depression/antidepressants use, anxiety 
disorder, bipolar disease, hypnotic medication use  

 Model selection based on QIC 
 
 
 

Final model OR estimates are shown in Table 4.20 below. 
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Table 4.20 Longitudinal analysis of bladder continence rating- Final 
generalized estimating equations method model 

Parameter OR Estimate Standard Error 95% Confidence Limits p-value 

BAM 1.2664 0.1098 1.0686 1.5009 0.0064 

Baseline continence 1.2542 0.0316 1.1938 1.3176 <.0001 

Scheduled toileting plan 1.6995 0.1244 1.4724 1.9615 <.0001 

Indwelling catheter 1.4595 0.1364 1.2151 1.7529 <.0001 

Bowel continence 0.8261 0.0202 0.7874 0.8667 <.0001 

Week 0.9962 0.0085 0.9797 1.0130 0.6569 

BAM= Bladder antimuscarinics 
 

Index of Social Engagement Analysis 

The two groups included in the longitudinal repeated measures analysis 

had similar distributions at baseline for the social engagement measured by the 

MDS-ISE instrument. There was no difference in the ISE mean between the two 

groups (p=0.2038); the mean ISE at baseline was 1.8420 (SD=1.4957) for new-

users and 1.7384 (SD=1.4039) for non-users. The distribution by ISE categories 

was similar as well (p=0.4423) and is presented in Table 4.21 below. 

 
 
 

Table 4.21 Distribution of Index of Social 
Engagement score at baseline 

ISE- N (Col %) Non-users New-users Total 

0 303 (17.08) 58 (15.80) 361 

1 647 (36.47) 133 (36.24) 780 

2 355 (20.01) 75 (20.44) 430 

3 278 (15.67) 48 (13.08) 326 

4 97 (5.47) 25 (6.81) 122 

5 59 (3.33) 19 (5.18) 78 

6 35 (1.97) 9 (2.45) 44 

Total 1774 367 2141 
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In the unadjusted analysis, new-users had significantly higher scores as 

compared to non-users. The difference between the groups slightly changed, but 

remained statistically significant after MDS behavioral score (the higher the 

score, the more problematic behavior the patient exhibits) and vision (higher 

score means poorer vision) were included in the model as time-varying 

covariates (see Table 4.22). The GEE parameter estimates for all the variables 

included in the final model are shown in Table 4.23.  

 
 
 

Table 4.22 Longitudinal evaluation of social engagement- generalized 
estimating equations method parameter estimates 

  BAM Estimate Standard Error 95% Confidence Limits Pr > |Z| 

Model 1 0.2075 0.0789 0.0529 0.3621 0.0085 

Model 2 0.2074 0.0777 0.0550 0.3598 0.0076 

Model 1: Unadjusted 
Model 2:  

 Adjusted for time-varying MDS behavioral score, time-varying vision 
 Other variables considered for inclusion: diabetes, CHF,  PVD, 

antianxiety medication use, number of drugs use in  the last 7 days, 
depression/antidepressants use, anxiety disorder, bipolar disease, 
schizophrenia, hypnotic medication use 

  Model selection based on QIC 

 
 
 

Table 4.23 Longitudinal evaluation of social engagement- Final        
generalized estimating equations method model 

Parameter Estimate Standard Error 95% Confidence Limits Pr > |Z| 

Intercept 1.8862 0.0337 1.8202 1.9523 <.0001 

BAM 0.2074 0.0777 0.0550 0.3598 0.0076 

Behavioral score -0.0433 0.0070 -0.0569 -0.0297 <.0001 

Vision -0.1619 0.0183 -0.1977 -0.1260 <.0001 

Week 0.0003 0.0002 0.0000 0.0006 0.0302 

BAM= Bladder Antimuscarinics 
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Overall QOL Analysis 

At baseline, the mean overall QOL as measured by MDS-HSI was 0.5648 

(SD=0.2081) for BAM users and 0.5218 (SD=0.1921). The 0.0429 difference was 

statistically significant (p=0.0003).  

In the unadjusted analysis, BAM users seemed to have a better mean 

MDS-HSI, at a difference that is considered clinically significant. However, this 

difference was similar to the one at baseline; after the inclusion of baseline (CPS, 

ADL, MDS behavioral score) and time-varying (age, number of medications 

used, antianxiety medication use) covariates, the two groups had similar mean 

MDS-HSI values (see Table 4.24 and Table 4.25). 

 
 
 
 

Table 4.24 Longitudinal overall quality of life analysis- Final     
generalized estimating equations method parameter estimates 

  BAM Estimate Standard Error 95% Confidence Limits Pr > |Z| 

Model 1 0.0356 0.0104 0.0151 0.0560 0.0006 

Model 2 -0.0005 0.0083 -0.0168 0.0158 0.9557 

Model 1: Unadjusted 
Model 2:  

• Adjusted for baseline variables (CPS, ADL, MDS behavioral 
score), and time-varying covariates (age, number of medications 
used,  antianxiety medication use) 

• Other time-varying covariates considered for inclusion: stroke 
indicator, Parkinson’s disease indicator, antidepressants use, 
hypnotics use 

• Model selection based on QIC 
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Table 4.25 Longitudinal overall quality of life analysis- Final generalized 
estimating equations method model 

Parameter Estimate Standard Error 95% Confidence Limits p-value 

Intercept 0.9783 0.0375 0.9048 1.0517 <.0001 

BAM -0.0005 0.0083 -0.0168 0.0158 0.9557 

BAM*Week 0.0005 0.0001 0.0003 0.0006 <.0001 

Baseline CPS -0.0367 0.0020 -0.0407 -0.0327 <.0001 

Baseline ADL -0.0104 0.0004 -0.0111 -0.0096 <.0001 

Baseline Behavioral Score -0.0115 0.0020 -0.0155 -0.0075 <.0001 

Age -0.0027 0.0005 -0.0036 -0.0018 <.0001 

Number of drugs used -0.0101 0.0030 -0.0161 -0.0041 0.0009 

Antianxiety medication -0.0213 0.0043 -0.0297 -0.0129 <.0001 

Week -0.0004 0.0000 -0.0004 -0.0003 <.0001 

BAM= Bladder Antimuscarinics; CPS= Cognitive Performance Scale; ADL= 
Activities of Daily Living;  
 
 
 

Exploratory Analyses 

Overall Mortality 

Mortality was evaluated for the two groups matched by PS. Since this was 

exploratory, we conducted the analysis using two different censoring strategies. 

In the first one, BAM users were censored at outcome (death) or at treatment 

discontinuation. In the second strategy, maximum follow-up was extended 30 

days after treatment discontinuation; therefore, deaths within 30 days after 

treatment discontinuation were included in the analysis. In both strategies, non-

users were censored at outcome or at the end of follow-up. 

When the first strategy was used, there was no difference between the two 

groups (HR=0.807; 95%CI: 0.572-1.140); however, when follow-up was extended 

to 30 days after treatment discontinuation, BAM users had a higher mortality risk 

as reflected by the higher hazard ratio (HR=1.82; 95%CI: 1.494-2.218). 
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Bowel Effects 

At baseline, the frequency of constipation (p=0.7345) and fecal impaction 

(p=0.4565) was similar between the two study groups. We used the GEE method 

to determine the OR for the association between BAM initiation and bowel 

effects. There was no difference in risk for constipation or fecal impaction with 

BAM initiation; specifically, the OR was 1.0885 (95%CI: 0.7211-1.6431) for 

constipation and 1.4031 (95%CI: 0.4623-4.2587) for fecal impaction.
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CHAPTER V- DISCUSSION 

This study provides significant findings regarding the use of BAM in elderly 

institutionalized in the VA CLC. It suggests potential benefits associated with 

BAM initiation in terms of urinary incontinence improvement and increase in 

social engagement, but it also brings evidence that BAM increase the risk for 

fractures. It provides some limited reassurance that BAM use does not have a 

net adverse impact on overall QOL, however a net benefit was not seen either.  

Since the main BAM used in this population was Oxybutynin IR, the main 

question that remains is whether medication should not be considered in this 

population or whether other BAM with different receptor selectivity and 

physicochemical characteristics would provide the benefits without increasing the 

risks. 

Summary of Findings 

Predictors of BAM Initiation 

Identifying what factors play an important role on BAM initiation is 

essential in understanding the role of medication in managing urinary 

incontinence in a specific population. During the study follow-up period, which 

ranged from October 1, 2002 to September 30, 2009, BAM were initiated for 

1195 NH residents from the 24,182 included in the final cohort. There were 

several significant differences between new-users and non-users at baseline and 

these were considered in constructing the best model to predict medication 

initiation in this study population.  

Age was an important independent predictor of BAM initiation and it 

seemed like older ages were more likely to initiate medication as compared to 

the youngest group in the study (65 to 69). Although this was a predominantly 

male population, women were more likely to receive a BAM (OR=2.106; 95% CI: 
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1.537-2.884) and this was suggested by previous research as well. The majority 

of the new-users were admitted in the earlier years following admission; this 

effect could be explained by either a change in care in the NH during the study 

period, or by the fact that earlier admissions had more the opportunity for a 

longer follow-up after admission. 

Significant variability was identified among residents admitted in VA CLC 

in different VISN (p<0.0001). Although our data did not allow for further 

investigation, this could be explained by possible differences in care and local 

management. 

In general, new-users had fewer of the comorbidities measured through 

the Elixhauser modified by Quan algorithm suggesting that patients were 

selected for treatment based on the absence of an important comorbidity load. 

Although diabetes increases the risk for urinary incontinence, those that had this 

condition were less likely to receive a BAM. What we see here might be the 

result of a thorough clinical decision making process since both diabetes and 

BAM increase the risk for urinary retention; in addition, urinary retention is a risk 

factor for urinary tract infections, which have are highly prevalent in diabetic 

patients regardless of the addition of other factors.  

Other comorbidities increased the likelihood of BAM initiation. For 

instance, BAM users were more likely to be hypertensive, to have experienced a 

stroke or paralysis, to have had cancer, or to suffer from depression. They also 

had higher BMI as compared to non-users. In the case of hypertension, it might 

be that BAM initiation is triggered by occurrence or worsening of urinary 

incontinence caused by antihypertensive drugs. With regard to the other 

conditions listed, medication might be initiated to mitigate incontinence in those 

for which behavioral interventions (including scheduled toileting plan, prompted 

voiding) would be difficult to implement. For instance, patients that had a stroke 
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or paralysis, and those that are obese might have problems moving and these 

would negatively impact any of the aforementioned non-pharmacological 

strategies. In addition, in patients with stroke or paralysis, this might also reflect 

neurologic manifestations of these conditions which cause incontinence. With 

regard to depression, on one hand, those suffering from depression might not 

have a good adherence to behavioral interventions and/or their incontinence 

might worsen due to antidepressant medication use. On the other hand, urinary 

incontinence was shown to lead to depression, thus the association between this 

condition and BAM initiation might not be causal. However, the relationship might 

be more complex, with urinary incontinence leading to depression thus making 

behavioral interventions difficult to implement, which in the end would lead to 

BAM initiation. 

Those who were started on a BAM were on multiple drug regimens and 

had a higher anticholinergic load. These patients might be the ones that are 

selected for treatment since they might tolerate medication well, including other 

drugs with anticholinergic properties. BAM might be initiated assuming that they 

would be at low risk for medication-related adverse events, without considering 

the additive effect of anticholinergics. The use of alpha-blockers and 

anticonvulsants increased the odds of treatment for urinary incontinence, 

whereas the use of diuretics was inversely related to BAM initiation. Alpha-

blockers were shown to cause incontinence and this could explain their role in 

predicting BAM initiation. Diuretics cause polyuria, which leads to an increase in 

urinary frequency and urinary urgency; in those suffering from urinary 

incontinence, the addition of a diuretic would most likely worsen the condition. 

Assuming all these, the negative relationship between diuretics use and BAM 

initiation might be the result of a more complex relationship which was not 

captured in this study.  
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Not surprisingly, BAM new-users had more bladder problems at baseline 

(higher ratings of incontinence and previous urinary tract infections) and were 

more likely to be on an indwelling catheter before medication initiation. The effect 

of continence severity on treatment initiation is probably incompletely captured in 

our study given the definition of continence status to include those controlled by 

an indwelling catheter. Bowel incontinence was inversely related to the chance of 

a BAM initiation.   

Those with cognitive impairment, less functional, with more problematic 

behaviors, or those that experienced a previous hip fracture were less likely to 

receive a BAM. These results suggest that the most fit and less-likely to 

experience adverse effects were the ones selected for treatment. 

BAM users had better cognitive and physical function but were taking 

more medications and had greater prevalence of some comorbidities.  Thus, the 

direction of treatment selection bias would be difficult to predict.  The 

considerable number of differences between BAM users and nonusers at 

baseline (before propensity score matching) underscores the value of the rich 

MDS-administrative records linked data resource for studying treatment 

effectiveness in NH patients 

Most of the previous research addressed factors associated with BAM 

adherence rather than factors associated with medication initiation. Two more 

recent studies evaluated BAM use in elderly residing in NH and looked of factors 

associated with medication use or with medication initiation. One of them used 

cross-sectional data from MDS assessments conducted in 378 skilled-nursing 

facilities  (Jumadilova et al, 2005) and could only evaluate the concomitant use of 

BAM with different factors (demographic characteristics, functional status as 

measured by MDS ADL, cognitive performance measured by MDS CPS, and the 

MDS indicator for a hospitalization).  Given the design, the temporal relationship 
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between residents’ characteristics and the start of a BAM could not be evaluated 

in this study. Similarly to our results, Jumadilova et al showed that BAM user had 

more urinary tract infections, suffered from depression, and had fewer 

hospitalizations. However, contrary to our findings, their unadjusted analysis 

indicated that those being treated had more impairment on ADLs and CPS, 

differences that were no longer significant when adjusted by demographic and 

health characteristics. The differences in what the paper by Jumadilova et al 

found and our findings might be the result of their inclusion of prevalent BAM 

users as opposed to new-users. 

The second study (Narayanan et al., 2007) was a two-year long (January 

2002-December 2003) retrospective cohort study of residents in 373 skilled 

nursing facilities and assisted living centers operated by a single provider of long-

term care. They looked at predictors of BAM initiation in NH residents identified 

as incontinent based on at least one MDS assessment during their NH stay and 

who had adequate mobility (measured by ADL items of < or =2) and/or cognitive 

ability to toilet (CPS score of < or =3). The study was not restricted to those 65 

and older and included mostly women (65%). Similarly to our findings, 

Narayanan et al identified gender (female), age, bladder continence rating and 

bladder control management, bowel problems, better physical and cognitive 

functioning as important predictors for BAM initiation. Race (whites were more 

likely to receive treatment) was also an important predictor in their multivariate 

model, but was not significant in our study population. We also included 

medication and comorbidities measured from administrative data (pharmacy, 

inpatient and outpatient files) which were not considered by the other authors 

and we believe this addition provided a better understanding of the factors 

predicting medication initiation. 
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Our study identified several factors as predictors for BAM initiation in the VA NH 

population. Our results were similar to those from a previous cohort study on a 

population with different demographic characteristics; different relationships were 

observed in one cross-sectional study that included prevalent users.  

Risks Associated with BAM Initiation 

Fractures 

Our study showed an increased risk of fractures associated with BAM 

initiation in institutionalized elderly. The hazard ratio was greater when the 

outcome was restricted to include only hip fractures (HR=3.688 for hip fractures 

and HR=2.64 for all fractures). This discrepancy can be explained by the 

difference in specificity of the outcome definition in relationship to the proposed 

mechanism of occurrence. Since falls were the hypothesized mechanism for 

fractures in this population, the intended outcome consisted in fall-related 

fractures exclusively. Unfortunately, given the need to combine multiple data 

sources and nature of these data sources (specifically MDS records of fractures) 

our ‘any fracture’ definition was less specific thus most likely resulting in a bias 

toward the null. For a more clinically meaningful interpretation of the HR, we 

estimated the number needed to harm (the number of patients that would be 

treated for a certain period of time and lead to one hip fracture) (Altman et al, 

1999). In this NH population, the number needed to harm was 36 at 90 days. 

We conducted two sensitivity analyses to evaluate the increase in fracture 

risk related to BAM initiation. Both analyses supported the main study result for 

the fracture risk and showed significant increase in HR for new-users. The first 

one aimed to include only those fractures for which the temporal relationship 

between exposure initiation and the study outcome was clearly established. 
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Therefore, fractures identified from first MDS assessment following the index 

date and with no inpatient or outpatient record were excluded from the analysis.  

In the second sensitivity analysis the risk of fracture was evaluated after trimming 

the PS distribution to exclude new-users and non-users with extreme PS for 

which unmeasured confounding could have been the deciding factor for 

treatment assignment.  

Finally, the risk for fractures increased when analysis was restricted to 

Oxybutynin IR users (HR=4.899 for hip fractures, HR=2.78 for all fractures). This 

result was expected based on receptor selectivity and physicochemical 

characteristics. 

Three recent studies evaluated the risk of falls and/or fractures in 

relationship to BAM use. None of the three included a non-user comparison 

group. There are also other significant differences in design between these 

studies and our investigation. One randomized placebo-controlled trial enrolled 

fifty women aged 65 and older with urge incontinence and cognitive impairment 

from twelve skilled nursing homes and followed them for four weeks to evaluate 

safety of Oxybutynin extended-release (ER) (Lackner et al, 2008).  The incidence 

of falls was not different between the study groups. However, given the small 

sample size and the short follow-up, it is hard to conclude that Oxybutynin ER 

does not differ from placebo. In addition, this study included Oxybutynin 

extended-release as opposed to Oxybutynin IR that represented the most 

frequently used BAM in our population. 

A retrospective cohort study of 33,067 patients with overactive bladder 

compared the risk of fractures associated with different BAM use (Tolterodine 

ER, Oxybutynin ER and Oxybutynin IR) (Jumadilova et al, 2006).  Each of the 

Oxybutynin groups was compared against Tolterodine ER using PS matching. 

The study showed no difference in hazard between any of the Oxybutynin groups 
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and Tolterodine users. As compared to our investigation, this was a younger and 

predominantly female population selected from patients participating in 82 health 

plans across the United States. Fractures were identified using the ICD-9 codes 

from medical claims; however, the fracture definition was not restricted to only 

include fall-related fractures. 

Finally, a recent Canadian population-based retrospective cohort study 

compared the risk for fall-related hospitalizations within 90 days of Oxybutynin or 

Tolterodine initiation in community-dwelling patients 66 years or older (Gomes et 

al, 2011). The study had several secondary outcomes, including all fractures. 

The authors concluded that Oxybutynin was not related to an increase risk for 

hospitalizations for falls or fractures as compared to Tolterodine users. The study 

had a large sample size and used high-dimensional PS to balance the two 

groups. However, there are reasons to question these results or their 

interpretation. (1) Fractures were evaluated as a secondary outcome and were 

not restricted to those most likely to occur through a fall mechanism. (2)  

Oxybutynin and Tolterodine have different abilities to cross the BBB and to bind 

to the muscarinic receptors in the brain, therefore it is expected to identify a 

clinical difference between the two (Kay et al, 2005; Scheife et al, 2005). (3) 

Oxybutynin IR might pose an increased risk for side effects as compared to 

Oxybutynin ER (Birns et al, 2000). It is not clear if this study included both 

Oxybutynin, thus diluting the effect when comparing it to Tolterodine.  All these 

make it difficult to conclude that no difference exists between Oxybutynin and 

Tolterodine or the null result is determined by a bias toward the null. Even if the 

results are valid, given the potential for anticholinergic effects that could increase 

the risk for falls in elderly and the null result of the study, the remaining question 

is whether these drugs elevate the baseline risk for falls and fall-related fractures 

in those treated as compared to non-treated.  
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Our study used a similar approach in balancing differences at baseline but 

was additionally able to evaluate and balance on measures not available in 

claims data, notably bladder control management, cognition, ability to move, BMI, 

and showed an increase in the risk for fractures with BAM initiation as compared 

to non-users. Although non-users comparison groups have their own potential 

limitations (see below), restriction to a more homogeneous exposed group and 

the results from our sensitivity analyses all supported the finding in the main 

comparison. 

Decline in Cognitive Performance 

We found no effect on cognitive performance as measured by CPS, a 

validated instrument constructed with MDS items on memory impairment, level of 

consciousness, and executive function. We modeled the mean CPS score at 

each time point during follow-up using the GEE method and evaluated the 

difference between BAM users and non-users.  

The null finding for this analysis could be explained by two factors: (1) the 

small number of BAM users that were followed for a long time to allow for 

repeated measures, and (2) the inability of the CPS to provide a good measure 

for the cognitive changes determined by BAM.  

(1) Only about 30% of the residents that initiated a BAM continued to take the 

drug for a longer time (i.e. had 3 or more MDS assessments during follow-

up). It is not possible to evaluate the reason for treatment discontinuation; 

however, early discontinuation caused by an increased rate of side effects 

is a well-known issue for BAM. For some of the early stoppers the reason 

could have been the detection by the NH staff of a possible medication 

impact on cognition; if this is true, the loss to follow-up would introduce a 

bias toward the null.  



131 
 

 
 

(2) We chose CPS based on its mapping to MMSE, a standardized tool to 

assess cognition in elderly. MMSE was one of the instruments used to 

measure cognition in a single-blind crossover design study on nine 

patients with Alzheimer disease (Jewart et al., 2005). Although conducted 

with a small sample, this study showed significant impact on cognitive 

function when BAM were administered.  There are two main differences 

between this crossover design study and our investigation. In the previous 

study, patients were evaluated by trained investigators and they used 

different instruments to evaluate cognitive function. The one that is most 

similar to the measurement we used, MMSE, allows for detection of 

smaller differences since the score ranges from 0 to 30. In our study, 

cognitive function was measured with secondary data and CPS has 

values from 0 to 6 thus making it more difficult to capture small differences 

between measurements.  

Based on all these, in the context of a small sample and a measurement that 

might not capture small changes, it is hard to rule out a possible BAM effect on 

cognition. 

Benefits Associated with BAM Initiation 

Improvement in Urinary Continence 

Our study measured improvement in urinary incontinence by combining 

the information from two MDS items- ‘Bladder continence rating’ and “Change in 

urinary continence’. Using the GEE method and modeling improvement as a 

binary outcome, we were able to show that BAM users had better odds for 

improvement after controlling for scheduled toileting, indwelling catheter, and 

bowel continence treated as time-varying covariates. Our results are similar to 
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clinical trials and other prospective studies that evaluated the efficacy of adding a 

BAM to a behavioral management plan for urinary incontinence. However, when 

looking at the effect by comparing the absolute number of individuals with a 

beneficial effect, the results are less promising. Specifically, 90 days after BAM 

initiation, only 60 new-users (16.35%) showed improvement (as compared to 

13.02% for non-users). After 180 days, 93 new-users (25.34%) had a positive 

outcome in terms of urinary incontinence improvement as compared to 20.34% in 

the non-users group. Similarly to the hip fracture analysis, for a more clinically 

meaningful interpretation, the number needed to treat to benefit was calculated 

based on the OR from the analysis and the rate at 90 days (McAlister et al, 

2000); this analysis showed that 32 patients should be treated to obtain 

improvement in urinary incontinence in one patient after 90 days of treatment. 

Given the data available, we were not able to measure improvement based on 

patient diaries as most of the prospective studies or randomized clinical trials do; 

however, considering the study population, our study provides the evaluation of 

change based on the caregiver assessment and brings evidence for the real-

world effectiveness of BAM in improving urinary incontinence in a population 

where incontinence is prevalent. Moreover, our result might be biased toward the 

null since we could not distinguish between the different types of urinary 

incontinence. BAM are only indicated in urge and mixed urinary incontinence; the 

inclusion of stress incontinence could diminish the beneficial effect. 

Improvement in QOL Indicators 

Quality of life indicators are among the outcomes most frequently 

incorporated in clinical research evaluating medication efficacy and 

effectiveness. In this study, two instruments were used to measure different 

aspects of what the World Health Organization defines as QOL domains; 
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specifically, the Index of Social Engagement and the Health Status Index were 

measured at any point in time an MDS assessment was conducted.  

The two study groups had similar social engagement at baseline as 

measured by the mean ISE for each group and the distribution of the ISE score 

categories. After BAM initiation, the mean ISE was higher for the users group, 

suggesting a positive impact of the medication on social interaction. The 

difference was statistically significant even with the addition of time-varying 

covariates to the GEE model; however, the difference between the two groups 

cannot be considered clinically significant (i.e. a difference of at least 1 point is 

considered a clinically significant difference). Given the negative impact that 

urinary incontinence has on social and emotional well-being (Fultz et al, 2001), it 

would be desired to obtain improvement through treatment. In order to fully 

characterize our result, an important limitation of using ISE in our study (as a 

measure of psycho-social well-being) comes from the fact that information is not 

self-reported. However, ISE is a reliable and valid scale that measures key 

components of social engagement: desire, ability, opportunity, and action (Mor et 

al, 1995); it was also validated in a nursing home population by comparing 

scores with actual time spent in activity programs. Although potential residual 

confounders should always be considered, given the good balance between the 

two study groups for characteristics that would impact social interaction (ADL, 

CPS, problematic behaviors) and the balance in baseline ISE score, we do not 

have reasons to believe that an unmeasured factor would be unbalanced 

between new-users and non-users.  

The Health Status Index, an MDS derived index mapped to the generic 

HUI2 instrument, was used to provide a multidimensional evaluation of the 

impact of BAM initiation on QOL. The two groups were unbalanced at baseline 

and the same difference in the mean HSI values for the two groups was identified 
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throughout the longitudinal follow-up suggesting no benefit with treatment 

initiation. This negative finding could be the result of using a generic 

measurement for QOL when a disease-specific one would be more sensitive to 

change. Another factor that could have influenced the result is the small sample 

for this repeated measures analysis. Although an improvement in overall QOL 

was hypothesized, it is perhaps somewhat reassuring that there was not a net 

decrease in overall QOL associated with BAM use. 

Strengths and Evaluation of Potential Limitations 

Our study combined multiple data sources from the VA system and thus 

allowed for measurement of exposure, outcomes, and covariates. Most 

phamacoepidemiologic studies rely on pharmacy and inpatient and/or outpatient 

automated data. We added the MDS that provides information collected through 

mandatory assessments conducted by licensed health care professionals, 

usually registered nurses. Given the work overload for those involved in 

conducting the assessments and the fact that these data are not collected for 

research purposes, the potential for error cannot be ignored. However, despite its 

limitations in terms of data completeness and the potential for coding errors, the 

addition of the MDS permitted us to incorporate information otherwise 

unavailable in pharmacoepidemiologic studies using claims exclusively. 

With this setting, we had the opportunity to examine clinical outcomes and to 

investigate outcomes that are usually measured through patient-reported 

measurements. Moreover, the combination of data sources provided the 

opportunity not only to assess risks but also potential benefits of adding BAM to 

the urinary continence management plan.  
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Some of the challenges encountered while conducting the study, along 

with their potential influence on the results are described in the following 

sections. 

Cohort Identification 

This research aimed to include all of the NH residents admitted for long 

term care in a VA CLC between FY 2003 and FY 2009. We intended to exclude 

those admitted for rehabilitation care in order to assure homogeneity within our 

study population in terms of level of care. The approach was based on previous 

research and it ensured that the sample included only long-term care. However, 

this algorithm potentially introduced sample selection bias that precludes 

generalization to those admitted with the intention for long-term care but who 

died or those that were transferred before residing in the facilities for the required 

minimum time. However, the MDS data does not provide a better method to 

identify intent for long-term versus rehabilitation care and we do not have 

reasons to believe that this bias was different between the study groups.  

Selection of the comparison group and Index date assignment for non-users 

The study was conducted using a new-users design and the index date for 

BAM users was considered the first prescription date during the NH stay included 

in the analysis. Ideally, the comparison group would have had a similar ‘natural’ 

starting point for follow-up and would have included individuals with a similar 

indication for treatment. Different active comparisons groups were considered 

(different BAM groups, initiation of a non-pharmacological management plan), 

but not chosen based on data availability. The final comparison group for the 

study included those that never used a BAM during their NH stay and in the one-
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year look back period before NH admission. There are important issues that 

could arise from choosing non-users as comparison.  

(1) Non-users are different than users. In general non-users might not have 

any indication for treatment and might not use care at the same level as 

users do, thus leading to outcome detection bias. The availability of 

baseline incontinence measures in the MDS was an advantage in this 

regard, as incontinence itself may be a risk factor for fracture. Moreover, 

given the nature of the study population, we do not feel that major 

differences exist for the two groups; specifically, since all of the patients in 

our study reside in the NH they are all seen regularly by trained personnel 

and benefit from the same level of care regardless of study group 

assignment. In addition, we addressed the well-known issues of out-of-

system care for the VA population by evaluating medical services use 

before NH admission (hospital discharges, outpatient visits, and/or 

pharmacy prescriptions for any medication).  

(2) Treatment selection bias. There is an important risk for treatment selection 

bias since medication is not initiated at random. In the absence of precise 

treatment guidelines for urinary incontinence, one approach we 

considered was to restrict the cohort to only include patients diagnosed 

with urge urinary incontinence and control for severity of the condition. 

This option would have made the groups more comparable in terms of 

treatment indication; in addition, given the fact that urge urinary 

incontinence is a known risk factor for falls and fractures,  would have 

allowed for better measurement for the baseline risk. Unfortunately, this 

approach was not possible since there are no validated algorithms to 

identify urge urinary incontinence using ICD-9 codes and MDS does not 

distinguish between urge, stress, and mixed urinary incontinence. In 
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addition, the MDS continence rating scale for bladder includes complete 

bladder control achieved through use of indwelling catheter in the 

‘continent’ group, thus making it more difficult to identify those that are 

truly in perfect bladder control. To account for this, both the continence 

rating and the use of appliances and programs for urinary incontinence 

management (i.e. scheduled toileting plan, bladder retraining, catheter 

use, pads/briefs used) were measured and accounted for in our study 

population. Finally, we addressed the issue of confounding by indication 

by matching new-users and non-users on PS calculated with patient 

characteristics at baseline; continence control rating and management 

approaches were included in the PS model and balance was achieved.  

Follow-up  

In longitudinal studies it is vital to have a precise identification of the 

beginning and final time points for participants’ follow-up. For our fracture 

analysis, given the imprecise determination for the event date, the end of follow-

up was also imprecisely determined for those who experienced a fracture that 

was identified from MDS exclusively. This misclassification is most likely non-

differential and leading to a bias toward the null, given the similar distribution for 

the source of fractures identification between the groups. 

As mentioned earlier in the Summary section ‘Decline in cognitive 

performance’, the fact that only 30% of the new-users had a long follow-up could 

have underestimated the effect of BAM initiation, both on the adverse and the 

beneficial effects. If treatment discontinuation was caused by tolerability, those 

lost to follow-up might be patients with a higher chance of experiencing a fall, or 

have a negative impact on cognitive performance. Looking from the other angle, 
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positive impact on continence management would be missed for those that 

discontinued early.  

Future Research Directions 

Additional studies are needed to further elucidate the proper role of 

medication, especially BAM with other receptor and physicochemical properties, 

in treating elderly with urinary incontinence.  

One avenue would be to bring additional data sources that would allow for 

a better outcome ascertainment in our population. Given the possibility of out-of-

system care for the VA population, one approach to improve our study would be 

to combine the VA data used for the present investigation with VA fee-for-service 

data and Medicare and/or Medicaid claims for the veterans that qualify for these 

services.  

Evaluating the long-term effects of BAM in a different setting, like 

Medicare NH would bring not only a more diverse population into the study, but 

would also allow for additional information on the level of care (e.g. staff-patient 

ratio, size of the NH, type of care) to be considered in the analysis.  

Comparative effectiveness research to evaluate difference in effects for 

different BAM would provide the opportunity to influence treatment guidelines for 

urinary incontinence in elderly. Given the differences in receptor selectivity and 

physicochemical characteristics, it is likely that risks would vary for different BAM, 

potentially shifting the apparent neutral risk-benefit balance in favor of a positive 

effect on overall QOL. In our study, the majority of users were exposed to 

Oxybutynin IR, thus making these types of comparison impossible.  
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Conclusion  

This study evaluated BAM initiation in a population that is different than 

the typical RCT population, thus allowing for a better understanding of the role of 

medication in a real-life setting. RCT evaluating different BAM predominantly 

enroll younger (<65) individuals, mostly women, in good health; the trials aimed 

at elderly populations exclude those with comorbidities or with a poor functional 

status (cognitive performance, mobility). Although these characteristics proved to 

be important predictors of BAM initiation in our study, the observational nature of 

this research allowed for follow-up and evaluation to include the ‘non-typical’ 

RCT population.  Similar to RCT, our study indicated that NH residents are also 

selected for treatment based on a better health status (fewer comorbidities, 

better cognitive performance and ability to perform activities of daily living). 

Surprisingly, although BAM new-users seem healthier, they were using more 

drugs and had a higher anticholinergic burden. This suggests treatment selection 

either based on patient tolerability (fewer adverse effects with previous 

medication could increase the chance of getting a new drug) or based on 

patient’s preference for urinary incontinence management. 

We used different methodological approaches to investigate risks and 

benefits associated with initiation of a BAM. The purpose of the study was to 

clarify the proper role of medication use in the management of urinary 

incontinence in elderly in the VA CLC. Based on the results of this study, the 

question is whether the balance is too weighted towards the potential risks and 

the extent to which this should be driving future treatment decisions. Considering 

that Oxybutynin IR was the main BAM used in this population the results raise 

questions about the continued use of this drug. If we compare the number 

needed to harm based on the hip fracture analysis (NNH=36) and the number 



140 
 

 
 

needed to treat to obtain improvement in urinary incontinence (NNT=32), we 

could conclude that risks and benefits are balanced and the fair comparison 

should incorporate patients’ values and preferences. However, if we add the 

increased risk of death and the costs associated with a hip fracture (Braithwaite 

et al, 2003), given the risk for fractures in the context of limited improvement in 

urinary continence with no clinically significant improvement in social 

engagement, a wiser step might be to investigate the safety profile for newer 

BAM for situations when an addition to non-pharmacologic management for 

urinary incontinence is desired for elderly in long-term care. . Although there are 

no long follow-up head-to-head comparisons in elderly NH populations, the better 

choice might be of a BAM with high M3 receptor selectivity, low CNS penetration 

and/or extended-release formulation.  

Despite its limitations, the added value of this study can be viewed from 

two perspectives: (1) it provides additional knowledge regarding the pattern of 

use and the impact of BAM initiation in NH, and (2) it establishes a useful 

framework for future research evaluating the role of medication in this elderly and 

frail NH population by incorporating various secondary data sources. 
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Table A1: List of urinary antispasmodics 

IEN Generic VA category 

04911 ATROPINE/BENZOIC/HYOSCYAMINE/ 
METHENAMINE/METHYLENE/PHENYL 

ANTISPASMODICS,URINARY, OTHER 

04068 ATROPINE/HYOSCYAMINE/ 
PHENOBARBITAL/SCOPOLAMINE 

ANTIMUSCARINIC/ANTIPASMODIC 
COMBINATIONS 

17131 DARIFENACIN ANTISPASMODICS,URINARY 

17132 DARIFENACIN ANTISPASMODICS,URINARY 

01997 DICYCLOMINE PARASYMPATHOLYTICS 

01998 DICYCLOMINE PARASYMPATHOLYTICS 

01999 DICYCLOMINE PARASYMPATHOLYTICS 

02000 DICYCLOMINE PARASYMPATHOLYTICS 

02570 FLAVOXATE ANTISPASMODICS,URINARY 

06193 HYOSCYAMINE PARASYMPATHOLYTICS 

06194 HYOSCYAMINE PARASYMPATHOLYTICS 

06195 HYOSCYAMINE PARASYMPATHOLYTICS 

06196 HYOSCYAMINE PARASYMPATHOLYTICS 

06198 HYOSCYAMINE PARASYMPATHOLYTICS 

06199 HYOSCYAMINE PARASYMPATHOLYTICS 

06200 HYOSCYAMINE PARASYMPATHOLYTICS 

18028 HYOSCYAMINE PARASYMPATHOLYTICS 

06140 OXYBUTYNIN CHLORIDE ANTISPASMODICS,URINARY 

06141 OXYBUTYNIN CHLORIDE ANTISPASMODICS,URINARY 

13040 OXYBUTYNIN CHLORIDE ANTISPASMODICS,URINARY 

13041 OXYBUTYNIN CHLORIDE ANTISPASMODICS,URINARY 

13042 OXYBUTYNIN CHLORIDE ANTISPASMODICS,URINARY 

13799 OXYBUTYNIN CHLORIDE ANTISPASMODICS,URINARY 

16372 OXYBUTYNIN CHLORIDE ANTISPASMODICS,URINARY 

17038 SOLIFENACIN ANTISPASMODICS,URINARY 

17040 SOLIFENACIN ANTISPASMODICS,URINARY 

12842 TOLTERODINE PARASYMPATHOLYTICS 

12843 TOLTERODINE PARASYMPATHOLYTICS 

12844 TOLTERODINE PARASYMPATHOLYTICS 

12845 TOLTERODINE PARASYMPATHOLYTICS 

14927 TOLTERODINE PARASYMPATHOLYTICS 

14928 TOLTERODINE PARASYMPATHOLYTICS 

16844 TROSPIUM ANTISPASMODICS,URINARY 

19361 TROSPIUM ANTISPASMODICS,URINARY 
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Table A2: List of Alpha-blockers 

IEN Generic VA category 

16660 ALFUZOSIN ALPHA BLOCKERS/RELATED 

08837 DOXAZOSIN ALPHA BLOCKERS/RELATED 

08838 DOXAZOSIN ALPHA BLOCKERS/RELATED 

08839 DOXAZOSIN ALPHA BLOCKERS/RELATED 

08840 DOXAZOSIN ALPHA BLOCKERS/RELATED 

15721 DOXAZOSIN ALPHA BLOCKERS/RELATED 

06341 PRAZOSIN ALPHA BLOCKERS/RELATED 

06342 PRAZOSIN ALPHA BLOCKERS/RELATED 

06343 PRAZOSIN ALPHA BLOCKERS/RELATED 

13602 PRAZOSIN ALPHA BLOCKERS/RELATED 

14449 PRAZOSIN ALPHA BLOCKERS/RELATED 

12741 TAMSULOSIN ALPHA BLOCKERS/RELATED 

08290 TERAZOSIN ALPHA BLOCKERS/RELATED 

08291 TERAZOSIN ALPHA BLOCKERS/RELATED 

08292 TERAZOSIN ALPHA BLOCKERS/RELATED 

08293 TERAZOSIN ALPHA BLOCKERS/RELATED 

08294 TERAZOSIN ALPHA BLOCKERS/RELATED 

08295 TERAZOSIN ALPHA BLOCKERS/RELATED 

08296 TERAZOSIN ALPHA BLOCKERS/RELATED 

08297 TERAZOSIN ALPHA BLOCKERS/RELATED 

13610 TERAZOSIN ALPHA BLOCKERS/RELATED 

13611 TERAZOSIN ALPHA BLOCKERS/RELATED 

13685 TERAZOSIN ALPHA BLOCKERS/RELATED 

15938 TERAZOSIN ALPHA BLOCKERS/RELATED 
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Table A3: List of Beta-blockers 

IEN Generic VA category 

01030 NADOLOL BETA BLOCKERS/RELATED 

01032 NADOLOL BETA BLOCKERS/RELATED 

01034 NADOLOL BETA BLOCKERS/RELATED 

01788 PROPRANOLOL BETA BLOCKERS/RELATED 

01789 PROPRANOLOL BETA BLOCKERS/RELATED 

01790 PROPRANOLOL BETA BLOCKERS/RELATED 

01791 PROPRANOLOL BETA BLOCKERS/RELATED 

01792 PROPRANOLOL BETA BLOCKERS/RELATED 

01794 PROPRANOLOL BETA BLOCKERS/RELATED 

01795 PROPRANOLOL BETA BLOCKERS/RELATED 

01796 PROPRANOLOL BETA BLOCKERS/RELATED 

01799 PROPRANOLOL BETA BLOCKERS/RELATED 

01800 PROPRANOLOL BETA BLOCKERS/RELATED 

01801 PROPRANOLOL BETA BLOCKERS/RELATED 

01802 PROPRANOLOL BETA BLOCKERS/RELATED 

02822 ACEBUTOLOL BETA BLOCKERS/RELATED 

04055 METOPROLOL BETA BLOCKERS/RELATED 

04056 METOPROLOL BETA BLOCKERS/RELATED 

04057 METOPROLOL BETA BLOCKERS/RELATED 

04058 METOPROLOL BETA BLOCKERS/RELATED 

04059 METOPROLOL BETA BLOCKERS/RELATED 

04060 METOPROLOL BETA BLOCKERS/RELATED 

04328 ATENOLOL BETA BLOCKERS/RELATED 

04329 ATENOLOL BETA BLOCKERS/RELATED 

04331 ATENOLOL BETA BLOCKERS/RELATED 

04332 ATENOLOL BETA BLOCKERS/RELATED 

04966 BETAXOLOL BETA BLOCKERS/RELATED 

04967 BETAXOLOL BETA BLOCKERS/RELATED 

05907 PINDOLOL BETA BLOCKERS/RELATED 

05908 PINDOLOL BETA BLOCKERS/RELATED 

06076 LABETALOL BETA BLOCKERS/RELATED 

06077 LABETALOL BETA BLOCKERS/RELATED 

06078 LABETALOL BETA BLOCKERS/RELATED 

06079 LABETALOL BETA BLOCKERS/RELATED 

07975 ESMOLOL BETA BLOCKERS/RELATED 

07976 ESMOLOL BETA BLOCKERS/RELATED 

08475 PENBUTOLOL BETA BLOCKERS/RELATED 

09890 SOTALOL BETA BLOCKERS/RELATED 

09891 SOTALOL BETA BLOCKERS/RELATED 

09892 SOTALOL BETA BLOCKERS/RELATED 

09893 SOTALOL BETA BLOCKERS/RELATED 
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Table A3 continued 
11986 BISOPROLOL BETA BLOCKERS/RELATED 

11987 BISOPROLOL BETA BLOCKERS/RELATED 

12719 CARVEDILOL BETA BLOCKERS/RELATED 

12720 CARVEDILOL BETA BLOCKERS/RELATED 

12721 CARVEDILOL BETA BLOCKERS/RELATED 

12722 CARVEDILOL BETA BLOCKERS/RELATED 

13686 ATENOLOL BETA BLOCKERS/RELATED 

13912 METOPROLOL BETA BLOCKERS/RELATED 

13976 PROPRANOLOL BETA BLOCKERS/RELATED 

14752 ATENOLOL BETA BLOCKERS/RELATED 

14755 METOPROLOL BETA BLOCKERS/RELATED 

14762 LABETALOL BETA BLOCKERS/RELATED 

15070 METOPROLOL BETA BLOCKERS/RELATED 

15770 SOTALOL BETA BLOCKERS/RELATED 

16581 METOPROLOL BETA BLOCKERS/RELATED 

17138 ESMOLOL BETA BLOCKERS/RELATED 

18060 METOPROLOL BETA BLOCKERS/RELATED 
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Table A4: List of Calcium Channel Blockers 

IEN Generic VA category 

03057 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

03058 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

03059 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

03060 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

03061 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

03062 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

03064 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

03067 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

04030 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

04031 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

04032 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

04033 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

04034 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

04035 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

04036 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

04037 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

06144 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06145 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06146 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06147 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06148 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06149 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06150 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06151 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06154 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06155 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06156 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06157 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06158 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06159 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06160 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06161 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06162 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06163 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06164 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06165 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06166 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

06170 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

07978 NICARDIPINE CALCIUM CHANNEL BLOCKERS 

07979 NICARDIPINE CALCIUM CHANNEL BLOCKERS 

07980 NICARDIPINE CALCIUM CHANNEL BLOCKERS 
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Table A4 continued 
07982 NICARDIPINE CALCIUM CHANNEL BLOCKERS 

07983 NICARDIPINE CALCIUM CHANNEL BLOCKERS 

08822 ISRADIPINE CALCIUM CHANNEL BLOCKERS 

08823 ISRADIPINE CALCIUM CHANNEL BLOCKERS 

09685 FELODIPINE CALCIUM CHANNEL BLOCKERS 

09686 FELODIPINE CALCIUM CHANNEL BLOCKERS 

09687 FELODIPINE CALCIUM CHANNEL BLOCKERS 

09874 AMLODIPINE CALCIUM CHANNEL BLOCKERS 

09875 AMLODIPINE CALCIUM CHANNEL BLOCKERS 

09876 AMLODIPINE CALCIUM CHANNEL BLOCKERS 

13002 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

13057 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

13058 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

13059 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

13060 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

13061 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

13357 FELODIPINE CALCIUM CHANNEL BLOCKERS 

13358 FELODIPINE CALCIUM CHANNEL BLOCKERS 

13359 FELODIPINE CALCIUM CHANNEL BLOCKERS 

13621 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

13622 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

13623 VERAPAMIL CALCIUM CHANNEL BLOCKERS 

13680 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

13681 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

13682 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

14322 AMLODIPINE CALCIUM CHANNEL BLOCKERS 

15254 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

15363 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

15584 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

15728 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

16476 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

16477 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

16478 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

16479 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

16480 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

17050 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

17356 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

17357 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

17358 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

17359 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

17360 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

17361 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 
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Table A4 continued 
17362 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

17368 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

17369 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

17370 NIFEDIPINE CALCIUM CHANNEL BLOCKERS 

18212 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

19516 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

19517 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

19518 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

19520 DILTIAZEM CALCIUM CHANNEL BLOCKERS 

19521 DILTIAZEM CALCIUM CHANNEL BLOCKERS 
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Table A5: List of ACE Inhibitors 

IEN Generic VA category 

01132 CAPTOPRIL ACE INHIBITORS 

01133 CAPTOPRIL ACE INHIBITORS 

01134 CAPTOPRIL ACE INHIBITORS 

01135 CAPTOPRIL ACE INHIBITORS 

02384 ENALAPRIL ACE INHIBITORS 

02385 ENALAPRIL ACE INHIBITORS 

02386 ENALAPRIL ACE INHIBITORS 

02387 ENALAPRIL ACE INHIBITORS 

08116 LISINOPRIL ACE INHIBITORS 

08117 LISINOPRIL ACE INHIBITORS 

08118 LISINOPRIL ACE INHIBITORS 

08119 LISINOPRIL ACE INHIBITORS 

08120 LISINOPRIL ACE INHIBITORS 

08604 ENALAPRILAT ACE INHIBITORS 

08827 RAMIPRIL ACE INHIBITORS 

08828 RAMIPRIL ACE INHIBITORS 

08829 RAMIPRIL ACE INHIBITORS 

08830 RAMIPRIL ACE INHIBITORS 

09691 QUINAPRIL ACE INHIBITORS 

09704 BENAZEPRIL ACE INHIBITORS 

09705 BENAZEPRIL ACE INHIBITORS 

09706 BENAZEPRIL ACE INHIBITORS 

09707 BENAZEPRIL ACE INHIBITORS 

09708 FOSINOPRIL ACE INHIBITORS 

09709 FOSINOPRIL ACE INHIBITORS 

09710 FOSINOPRIL ACE INHIBITORS 

12545 TRANDOLAPRIL ACE INHIBITORS 

13363 LISINOPRIL ACE INHIBITORS 

13370 BENAZEPRIL ACE INHIBITORS 

13371 BENAZEPRIL ACE INHIBITORS 

13372 BENAZEPRIL ACE INHIBITORS 

13373 BENAZEPRIL ACE INHIBITORS 

13551 CAPTOPRIL ACE INHIBITORS 

13552 CAPTOPRIL ACE INHIBITORS 

13575 FOSINOPRIL ACE INHIBITORS 

13586 LISINOPRIL ACE INHIBITORS 

13630 ENALAPRIL ACE INHIBITORS 

13631 ENALAPRIL ACE INHIBITORS 

13632 ENALAPRIL ACE INHIBITORS 

13633 ENALAPRIL ACE INHIBITORS 

13645 LISINOPRIL ACE INHIBITORS 
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Table A5 continued 

13646 LISINOPRIL ACE INHIBITORS 

13647 LISINOPRIL ACE INHIBITORS 

13759 CAPTOPRIL ACE INHIBITORS 

14576 FOSINOPRIL ACE INHIBITORS 

16756 LISINOPRIL ACE INHIBITORS 
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Table A6: List of Diuretics 

IEN Generic VA category 

01349 CHLOROTHIAZIDE THIAZIDES/RELATED DIURETICS 

01350 CHLOROTHIAZIDE THIAZIDES/RELATED DIURETICS 

02068 HYDROCHLOROTHIAZIDE THIAZIDES/RELATED DIURETICS 

02069 HYDROCHLOROTHIAZIDE THIAZIDES/RELATED DIURETICS 

02072 HYDROCHLOROTHIAZIDE THIAZIDES/RELATED DIURETICS 

02073 HYDROCHLOROTHIAZIDE THIAZIDES/RELATED DIURETICS 

02074 CHLORTHALIDONE THIAZIDES/RELATED DIURETICS 

02075 CHLORTHALIDONE THIAZIDES/RELATED DIURETICS 

03333 METOLAZONE THIAZIDES/RELATED DIURETICS 

03334 METOLAZONE THIAZIDES/RELATED DIURETICS 

03335 METOLAZONE THIAZIDES/RELATED DIURETICS 

03336 METOLAZONE THIAZIDES/RELATED DIURETICS 

05810 INDAPAMIDE THIAZIDES/RELATED DIURETICS 

05811 INDAPAMIDE THIAZIDES/RELATED DIURETICS 

13584 HYDROCHLOROTHIAZIDE THIAZIDES/RELATED DIURETICS 

13595 METOLAZONE THIAZIDES/RELATED DIURETICS 

19630 HYDROCHLOROTHIAZIDE THIAZIDES/RELATED DIURETICS 

01611 BUMETANIDE LOOP DIURETICS 

01612 BUMETANIDE LOOP DIURETICS 

01613 BUMETANIDE LOOP DIURETICS 

01614 BUMETANIDE LOOP DIURETICS 

01783 FUROSEMIDE LOOP DIURETICS 

01784 FUROSEMIDE LOOP DIURETICS 

01785 FUROSEMIDE LOOP DIURETICS 

01786 FUROSEMIDE LOOP DIURETICS 

01787 FUROSEMIDE LOOP DIURETICS 

02276 ETHACRYNIC ACID LOOP DIURETICS 

02277 ETHACRYNIC ACID LOOP DIURETICS 

02278 ETHACRYNIC ACID LOOP DIURETICS 

11930 TORSEMIDE LOOP DIURETICS 

11931 TORSEMIDE LOOP DIURETICS 

11932 TORSEMIDE LOOP DIURETICS 

11933 TORSEMIDE LOOP DIURETICS 

11934 TORSEMIDE LOOP DIURETICS 

12994 FUROSEMIDE LOOP DIURETICS 

12995 FUROSEMIDE LOOP DIURETICS 

13576 FUROSEMIDE LOOP DIURETICS 

13577 FUROSEMIDE LOOP DIURETICS 

02135 ACETAZOLAMIDE CARBONIC ANHYDRASE INHIBITOR 

02136 ACETAZOLAMIDE CARBONIC ANHYDRASE INHIBITOR 

02137 ACETAZOLAMIDE CARBONIC ANHYDRASE INHIBITOR 

02138 ACETAZOLAMIDE CARBONIC ANHYDRASE INHIBITOR 
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Table A6 continued 
02176 METHAZOLAMIDE CARBONIC ANHYDRASE INHIBITOR 

02177 METHAZOLAMIDE CARBONIC ANHYDRASE INHIBITOR 

02057 
HYDROCHLOROTHIAZIDE/ 

SPIRONOLACTONE 
POTASSIUM SPARING/COMBINATIONS 

02110 SPIRONOLACTONE POTASSIUM SPARING/COMBINATIONS 

02111 SPIRONOLACTONE POTASSIUM SPARING/COMBINATIONS 

02112 SPIRONOLACTONE POTASSIUM SPARING/COMBINATIONS 

02145 HYDROCHLOROTHIAZIDE/TRIAMTERENE POTASSIUM SPARING/COMBINATIONS 

02146 HYDROCHLOROTHIAZIDE/TRIAMTERENE POTASSIUM SPARING/COMBINATIONS 

02148 HYDROCHLOROTHIAZIDE/TRIAMTERENE POTASSIUM SPARING/COMBINATIONS 

02151 HYDROCHLOROTHIAZIDE/TRIAMTERENE POTASSIUM SPARING/COMBINATIONS 

02280 AMILORIDE POTASSIUM SPARING/COMBINATIONS 

07059 TRIAMTERENE POTASSIUM SPARING/COMBINATIONS 

07060 TRIAMTERENE POTASSIUM SPARING/COMBINATIONS 

13617 HYDROCHLOROTHIAZIDE/TRIAMTERENE POTASSIUM SPARING/COMBINATIONS 

13618 HYDROCHLOROTHIAZIDE/TRIAMTERENE POTASSIUM SPARING/COMBINATIONS 

14227 SPIRONOLACTONE POTASSIUM SPARING/COMBINATIONS 

15987 EPLERENONE POTASSIUM SPARING/COMBINATIONS 

15988 EPLERENONE POTASSIUM SPARING/COMBINATIONS 

15989 EPLERENONE POTASSIUM SPARING/COMBINATIONS 

05477 MANNITOL DIURETICS,OTHER 

05478 MANNITOL DIURETICS,OTHER 

05480 MANNITOL DIURETICS,OTHER 

05481 MANNITOL DIURETICS,OTHER 
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Table A7: List of Cognitive Enhancers 

IEN Generic VA category 

12607 DONEPEZIL CNS MEDICATIONS,OTHER 

12608 DONEPEZIL CNS MEDICATIONS,OTHER 

13569 DONEPEZIL CNS MEDICATIONS,OTHER 

13629 DONEPEZIL CNS MEDICATIONS,OTHER 

17442 DONEPEZIL CNS MEDICATIONS,OTHER 

17443 DONEPEZIL CNS MEDICATIONS,OTHER 

14936 GALANTAMINE CNS MEDICATIONS,OTHER 

14937 GALANTAMINE CNS MEDICATIONS,OTHER 

14938 GALANTAMINE CNS MEDICATIONS,OTHER 

16270 GALANTAMINE CNS MEDICATIONS,OTHER 

17214 GALANTAMINE CNS MEDICATIONS,OTHER 

17215 GALANTAMINE CNS MEDICATIONS,OTHER 

17216 GALANTAMINE CNS MEDICATIONS,OTHER 

16456 MEMANTINE CNS MEDICATIONS,OTHER 

16457 MEMANTINE CNS MEDICATIONS,OTHER 

16512 MEMANTINE CNS MEDICATIONS,OTHER 

16579 MEMANTINE CNS MEDICATIONS,OTHER 

16580 MEMANTINE CNS MEDICATIONS,OTHER 

18026 MEMANTINE CNS MEDICATIONS,OTHER 

14395 RIVASTIGMINE CNS MEDICATIONS,OTHER 

14396 RIVASTIGMINE CNS MEDICATIONS,OTHER 

14397 RIVASTIGMINE CNS MEDICATIONS,OTHER 

14398 RIVASTIGMINE CNS MEDICATIONS,OTHER 

14399 RIVASTIGMINE CNS MEDICATIONS,OTHER 

14400 RIVASTIGMINE CNS MEDICATIONS,OTHER 

14401 RIVASTIGMINE CNS MEDICATIONS,OTHER 

14402 RIVASTIGMINE CNS MEDICATIONS,OTHER 

15022 RIVASTIGMINE CNS MEDICATIONS,OTHER 

18757 RIVASTIGMINE CNS MEDICATIONS,OTHER 

18758 RIVASTIGMINE CNS MEDICATIONS,OTHER 

11772 TACRINE CNS MEDICATIONS,OTHER 

11773 TACRINE CNS MEDICATIONS,OTHER 

11774 TACRINE CNS MEDICATIONS,OTHER 

11775 TACRINE CNS MEDICATIONS,OTHER 
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Table A8: List of Benzodiazepines 

IEN Generic VA Category 
00092 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

00093 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

00094 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

00095 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

00096 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

00097 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

00098 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

00099 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

00109 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

00560 AMOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

14514 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

14515 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

14769 PHENOBARBITAL BARBITURIC ACID DERIVATIVE SEDATIVES/HYPNOTICS 

01622 DIAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01623 DIAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01624 DIAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01625 DIAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01680 CHLORDIAZEPOXIDE BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01681 CHLORDIAZEPOXIDE BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01682 CHLORDIAZEPOXIDE BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01693 MIDAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01694 MIDAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01763 FLURAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01764 FLURAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01871 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01872 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01873 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01874 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01875 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01876 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01878 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01879 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01880 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01881 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

01882 LORAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02115 TEMAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02116 TEMAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02117 TEMAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02572 OXAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02573 OXAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02574 OXAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 
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Table A8 continued 
02836 TRIAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02837 TRIAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02863 ALPRAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02864 ALPRAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02865 ALPRAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02866 ALPRAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

02869 ALPRAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

05564 CLORAZEPATE BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

05565 CLORAZEPATE BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

14132 ALPRAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

14739 OXAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

14911 ALPRAZOLAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

15264 DIAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

15704 CHLORDIAZEPOXIDE BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

15726 DIAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 

15727 DIAZEPAM BENZODIAZEPINE DERIVATIVE SEDATIVES/HYPNOTICS 
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Table A9: List of antipsychotics 

IEN Generic VA category 

01290 FLUPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01291 FLUPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01292 FLUPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01293 FLUPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01295 FLUPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01296 FLUPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01297 FLUPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01298 FLUPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01925 CHLORPROMAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01926 CHLORPROMAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01927 CHLORPROMAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01928 CHLORPROMAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01929 CHLORPROMAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01930 CHLORPROMAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01931 CHLORPROMAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01937 CHLORPROMAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

01940 CHLORPROMAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

02090 THIORIDAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

02091 THIORIDAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

02092 THIORIDAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

02093 THIORIDAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

02094 THIORIDAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

02095 THIORIDAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

02096 THIORIDAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

02097 THIORIDAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

04522 THIOTHIXENE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

04523 THIOTHIXENE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

04524 THIOTHIXENE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

04525 THIOTHIXENE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

04529 THIOTHIXENE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

06026 PERPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

06028 PERPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

06029 PERPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

06030 PERPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

06031 PERPHENAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

06279 TRIFLUOPERAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

06280 TRIFLUOPERAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

06281 TRIFLUOPERAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

06282 TRIFLUOPERAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

07147 MESORIDAZINE BESYLATE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 
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Table A9 continued 
07148 MESORIDAZINE BESYLATE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

16054 CHLORPROMAZINE PHENOTHIAZINE/RELATED ANTIPSYCHOTICS 

02204 LOXAPINE ANTIPSYCHOTICS,OTHER 

02205 LOXAPINE ANTIPSYCHOTICS,OTHER 

02206 LOXAPINE ANTIPSYCHOTICS,OTHER 

02207 LOXAPINE ANTIPSYCHOTICS,OTHER 

03042 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03043 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03044 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03045 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03046 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03047 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03048 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03049 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03050 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03051 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03052 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03053 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

03054 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

04638 MOLINDONE ANTIPSYCHOTICS,OTHER 

04639 MOLINDONE ANTIPSYCHOTICS,OTHER 

04640 MOLINDONE ANTIPSYCHOTICS,OTHER 

04641 MOLINDONE ANTIPSYCHOTICS,OTHER 

08564 CLOZAPINE ANTIPSYCHOTICS,OTHER 

08565 CLOZAPINE ANTIPSYCHOTICS,OTHER 

11804 RISPERIDONE ANTIPSYCHOTICS,OTHER 

11805 RISPERIDONE ANTIPSYCHOTICS,OTHER 

11806 RISPERIDONE ANTIPSYCHOTICS,OTHER 

11807 RISPERIDONE ANTIPSYCHOTICS,OTHER 

11808 RISPERIDONE ANTIPSYCHOTICS,OTHER 

12588 OLANZAPINE ANTIPSYCHOTICS,OTHER 

12589 OLANZAPINE ANTIPSYCHOTICS,OTHER 

12590 OLANZAPINE ANTIPSYCHOTICS,OTHER 

12591 OLANZAPINE ANTIPSYCHOTICS,OTHER 

12750 QUETIAPINE ANTIPSYCHOTICS,OTHER 

12751 QUETIAPINE ANTIPSYCHOTICS,OTHER 

12752 QUETIAPINE ANTIPSYCHOTICS,OTHER 

12971 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

13582 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

13583 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

13608 RISPERIDONE ANTIPSYCHOTICS,OTHER 
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13636 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

13641 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

13656 RISPERIDONE ANTIPSYCHOTICS,OTHER 

13657 RISPERIDONE ANTIPSYCHOTICS,OTHER 

13665 RISPERIDONE ANTIPSYCHOTICS,OTHER 

13666 RISPERIDONE ANTIPSYCHOTICS,OTHER 

14091 OLANZAPINE ANTIPSYCHOTICS,OTHER 

14129 QUETIAPINE ANTIPSYCHOTICS,OTHER 

14130 QUETIAPINE ANTIPSYCHOTICS,OTHER 

14131 QUETIAPINE ANTIPSYCHOTICS,OTHER 

14450 OLANZAPINE ANTIPSYCHOTICS,OTHER 

14535 OLANZAPINE ANTIPSYCHOTICS,OTHER 

14536 OLANZAPINE ANTIPSYCHOTICS,OTHER 

14912 QUETIAPINE ANTIPSYCHOTICS,OTHER 

14932 ZIPRASIDONE ANTIPSYCHOTICS,OTHER 

14933 ZIPRASIDONE ANTIPSYCHOTICS,OTHER 

14934 ZIPRASIDONE ANTIPSYCHOTICS,OTHER 

14935 ZIPRASIDONE ANTIPSYCHOTICS,OTHER 

15030 OLANZAPINE ANTIPSYCHOTICS,OTHER 

15156 OLANZAPINE ANTIPSYCHOTICS,OTHER 

15157 OLANZAPINE ANTIPSYCHOTICS,OTHER 

15193 OLANZAPINE ANTIPSYCHOTICS,OTHER 

15194 OLANZAPINE ANTIPSYCHOTICS,OTHER 

15308 OLANZAPINE ANTIPSYCHOTICS,OTHER 

15368 CLOZAPINE (MYLAN) ANTIPSYCHOTICS,OTHER 

15369 CLOZAPINE (MYLAN) ANTIPSYCHOTICS,OTHER 

15370 CLOZAPINE (UDL) ANTIPSYCHOTICS,OTHER 

15372 CLOZAPINE (CLOZARIL) ANTIPSYCHOTICS,OTHER 

15373 CLOZAPINE (CLOZARIL) ANTIPSYCHOTICS,OTHER 

15374 CLOZAPINE (CLOZARIL) ANTIPSYCHOTICS,OTHER 

15375 CLOZAPINE (CLOZARIL) ANTIPSYCHOTICS,OTHER 

15484 OLANZAPINE ANTIPSYCHOTICS,OTHER 

16005 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

16006 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

16007 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

16008 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

16009 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

16010 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

16011 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 
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16012 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

16268 ZIPRASIDONE ANTIPSYCHOTICS,OTHER 

16364 RISPERIDONE ANTIPSYCHOTICS,OTHER 

16365 RISPERIDONE ANTIPSYCHOTICS,OTHER 

16366 RISPERIDONE ANTIPSYCHOTICS,OTHER 

16474 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

16515 RISPERIDONE ANTIPSYCHOTICS,OTHER 

16516 RISPERIDONE ANTIPSYCHOTICS,OTHER 

16517 RISPERIDONE ANTIPSYCHOTICS,OTHER 

16701 OLANZAPINE ANTIPSYCHOTICS,OTHER 

16813 HALOPERIDOL ANTIPSYCHOTICS,OTHER 

17129 OLANZAPINE ANTIPSYCHOTICS,OTHER 

17311 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

17573 QUETIAPINE ANTIPSYCHOTICS,OTHER 

17574 QUETIAPINE ANTIPSYCHOTICS,OTHER 

17575 QUETIAPINE ANTIPSYCHOTICS,OTHER 

17576 QUETIAPINE ANTIPSYCHOTICS,OTHER 

17585 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

17658 RISPERIDONE ANTIPSYCHOTICS,OTHER 

18169 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

18232 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 

18341 RISPERIDONE ANTIPSYCHOTICS,OTHER 

19487 ARIPIPRAZOLE ANTIPSYCHOTICS,OTHER 
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Table A10: List of antidepressants 

IEN Generic VA category 

00603 NORTRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

00604 NORTRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

00605 NORTRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

00606 NORTRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

00607 NORTRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

01367 AMITRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

01368 AMITRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

01369 AMITRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

01370 AMITRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

01371 AMITRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

01375 AMITRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

01892 DOXEPIN TRICYCLIC ANTIDEPRESSANTS 

01893 DOXEPIN TRICYCLIC ANTIDEPRESSANTS 

01894 DOXEPIN TRICYCLIC ANTIDEPRESSANTS 

01895 DOXEPIN TRICYCLIC ANTIDEPRESSANTS 

01896 DOXEPIN TRICYCLIC ANTIDEPRESSANTS 

01897 DOXEPIN TRICYCLIC ANTIDEPRESSANTS 

01898 DOXEPIN TRICYCLIC ANTIDEPRESSANTS 

01946 IMIPRAMINE TRICYCLIC ANTIDEPRESSANTS 

01947 IMIPRAMINE TRICYCLIC ANTIDEPRESSANTS 

01948 IMIPRAMINE TRICYCLIC ANTIDEPRESSANTS 

02215 AMOXAPINE TRICYCLIC ANTIDEPRESSANTS 

02216 AMOXAPINE TRICYCLIC ANTIDEPRESSANTS 

02257 PROTRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

02258 PROTRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

05082 DESIPRAMINE TRICYCLIC ANTIDEPRESSANTS 

05083 DESIPRAMINE TRICYCLIC ANTIDEPRESSANTS 

05084 DESIPRAMINE TRICYCLIC ANTIDEPRESSANTS 

08586 CLOMIPRAMINE TRICYCLIC ANTIDEPRESSANTS 

08587 CLOMIPRAMINE TRICYCLIC ANTIDEPRESSANTS 

08588 CLOMIPRAMINE TRICYCLIC ANTIDEPRESSANTS 

13543 AMITRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

13570 DOXEPIN TRICYCLIC ANTIDEPRESSANTS 

14905 DOXEPIN TRICYCLIC ANTIDEPRESSANTS 

15720 NORTRIPTYLINE TRICYCLIC ANTIDEPRESSANTS 

05178 PHENELZINE SULFATE MONAMINE OXIDASE INHIBITOR ANTIDEPRESSANTS 

17700 SELEGILINE MONAMINE OXIDASE INHIBITOR ANTIDEPRESSANTS 

17701 SELEGILINE MONAMINE OXIDASE INHIBITOR ANTIDEPRESSANTS 

17702 SELEGILINE MONAMINE OXIDASE INHIBITOR ANTIDEPRESSANTS 

06009 MAPROTILINE ANTIDEPRESSANTS,OTHER 

06010 MAPROTILINE ANTIDEPRESSANTS,OTHER 
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06132 TRAZODONE ANTIDEPRESSANTS,OTHER 

06133 TRAZODONE ANTIDEPRESSANTS,OTHER 

06134 TRAZODONE ANTIDEPRESSANTS,OTHER 

08147 FLUOXETINE ANTIDEPRESSANTS,OTHER 

08148 FLUOXETINE ANTIDEPRESSANTS,OTHER 

08149 FLUOXETINE ANTIDEPRESSANTS,OTHER 

08525 BUPROPION ANTIDEPRESSANTS,OTHER 

08526 BUPROPION ANTIDEPRESSANTS,OTHER 

09714 SERTRALINE ANTIDEPRESSANTS,OTHER 

09715 SERTRALINE ANTIDEPRESSANTS,OTHER 

09716 SERTRALINE ANTIDEPRESSANTS,OTHER 

09880 PAROXETINE ANTIDEPRESSANTS,OTHER 

09881 PAROXETINE ANTIDEPRESSANTS,OTHER 

09882 PAROXETINE ANTIDEPRESSANTS,OTHER 

09883 PAROXETINE ANTIDEPRESSANTS,OTHER 

09884 PAROXETINE ANTIDEPRESSANTS,OTHER 

11810 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

11811 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

11812 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

11813 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

11814 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

11815 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

11816 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

11817 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

11818 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

11819 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

11820 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

12351 NEFAZODONE ANTIDEPRESSANTS,OTHER 

12352 NEFAZODONE ANTIDEPRESSANTS,OTHER 

12353 NEFAZODONE ANTIDEPRESSANTS,OTHER 

12354 NEFAZODONE ANTIDEPRESSANTS,OTHER 

12355 FLUVOXAMINE ANTIDEPRESSANTS,OTHER 

12356 FLUVOXAMINE ANTIDEPRESSANTS,OTHER 

12357 FLUVOXAMINE ANTIDEPRESSANTS,OTHER 

12552 MIRTAZAPINE ANTIDEPRESSANTS,OTHER 

12553 MIRTAZAPINE ANTIDEPRESSANTS,OTHER 

12880 BUPROPION ANTIDEPRESSANTS,OTHER 

12881 BUPROPION ANTIDEPRESSANTS,OTHER 

12882 BUPROPION ANTIDEPRESSANTS,OTHER 

12926 CITALOPRAM ANTIDEPRESSANTS,OTHER 

12927 CITALOPRAM ANTIDEPRESSANTS,OTHER 

12928 CITALOPRAM ANTIDEPRESSANTS,OTHER 



162 
 

 
 

Table A10 continued 

12929 CITALOPRAM ANTIDEPRESSANTS,OTHER 

13076 BUPROPION ANTIDEPRESSANTS,OTHER 

13406 MIRTAZAPINE ANTIDEPRESSANTS,OTHER 

13526 NEFAZODONE ANTIDEPRESSANTS,OTHER 

13574 FLUOXETINE ANTIDEPRESSANTS,OTHER 

13616 TRAZODONE ANTIDEPRESSANTS,OTHER 

13626 PAROXETINE ANTIDEPRESSANTS,OTHER 

13667 SERTRALINE ANTIDEPRESSANTS,OTHER 

13668 SERTRALINE ANTIDEPRESSANTS,OTHER 

13742 FLUOXETINE ANTIDEPRESSANTS,OTHER 

13744 FLUOXETINE ANTIDEPRESSANTS,OTHER 

13745 FLUOXETINE ANTIDEPRESSANTS,OTHER 

14142 MIRTAZAPINE ANTIDEPRESSANTS,OTHER 

14143 MIRTAZAPINE ANTIDEPRESSANTS,OTHER 

14299 CITALOPRAM ANTIDEPRESSANTS,OTHER 

14369 SERTRALINE ANTIDEPRESSANTS,OTHER 

14956 VENLAFAXINE ANTIDEPRESSANTS,OTHER 

15069 FLUOXETINE ANTIDEPRESSANTS,OTHER 

15286 CITALOPRAM ANTIDEPRESSANTS,OTHER 

15335 MIRTAZAPINE ANTIDEPRESSANTS,OTHER 

15336 MIRTAZAPINE ANTIDEPRESSANTS,OTHER 

15337 MIRTAZAPINE ANTIDEPRESSANTS,OTHER 

15873 PAROXETINE ANTIDEPRESSANTS,OTHER 

15874 PAROXETINE ANTIDEPRESSANTS,OTHER 

15944 ESCITALOPRAM ANTIDEPRESSANTS,OTHER 

15945 ESCITALOPRAM ANTIDEPRESSANTS,OTHER 

15946 ESCITALOPRAM ANTIDEPRESSANTS,OTHER 

16458 BUPROPION ANTIDEPRESSANTS,OTHER 

16459 BUPROPION ANTIDEPRESSANTS,OTHER 

16577 BUPROPION ANTIDEPRESSANTS,OTHER 

16710 BUPROPION ANTIDEPRESSANTS,OTHER 

16851 DULOXETINE ANTIDEPRESSANTS,OTHER 

16853 DULOXETINE ANTIDEPRESSANTS,OTHER 

16854 DULOXETINE ANTIDEPRESSANTS,OTHER 

16855 DULOXETINE ANTIDEPRESSANTS,OTHER 

16856 DULOXETINE ANTIDEPRESSANTS,OTHER 

17317 BUPROPION ANTIDEPRESSANTS,OTHER 

17342 MIRTAZAPINE ANTIDEPRESSANTS,OTHER 

18750 BUPROPION ANTIDEPRESSANTS,OTHER 
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Table A11: List of antivertigo agents 

IEN Generic VA category 

01852 MECLIZINE ANTIVERTIGO AGENTS 

01853 MECLIZINE ANTIVERTIGO AGENTS 

01854 MECLIZINE ANTIVERTIGO AGENTS 

12889 SCOPOLAMINE ANTIVERTIGO AGENTS 

13648 MECLIZINE ANTIVERTIGO AGENTS 

13649 MECLIZINE ANTIVERTIGO AGENTS 
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Table A12: List of anti-parkinson agents 

IEN Generic VA category 
02368 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

02369 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

02370 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

02371 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

02372 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

02373 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

02374 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

02375 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

08535 SELEGILINE ANTIPARKINSON AGENTS 

08536 SELEGILINE ANTIPARKINSON AGENTS 

08714 PERGOLIDE MESYLATE ANTIPARKINSON AGENTS 

08715 PERGOLIDE MESYLATE ANTIPARKINSON AGENTS 

08716 PERGOLIDE MESYLATE ANTIPARKINSON AGENTS 

12431 CARBIDOPA ANTIPARKINSON AGENTS 

12725 PRAMIPEXOLE ANTIPARKINSON AGENTS 

12726 PRAMIPEXOLE ANTIPARKINSON AGENTS 

12727 PRAMIPEXOLE ANTIPARKINSON AGENTS 

12728 PRAMIPEXOLE ANTIPARKINSON AGENTS 

12729 PRAMIPEXOLE ANTIPARKINSON AGENTS 

12753 ROPINIROLE ANTIPARKINSON AGENTS 

12754 ROPINIROLE ANTIPARKINSON AGENTS 

12755 ROPINIROLE ANTIPARKINSON AGENTS 

12756 ROPINIROLE ANTIPARKINSON AGENTS 

12757 ROPINIROLE ANTIPARKINSON AGENTS 

12828 TOLCAPONE ANTIPARKINSON AGENTS 

13364 PRAMIPEXOLE ANTIPARKINSON AGENTS 

13365 PRAMIPEXOLE ANTIPARKINSON AGENTS 

13857 ENTACAPONE ANTIPARKINSON AGENTS 

13963 ROPINIROLE ANTIPARKINSON AGENTS 

14763 SELEGILINE ANTIPARKINSON AGENTS 

15309 ROPINIROLE ANTIPARKINSON AGENTS 

15592 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

16461 CARBIDOPA/ENTACAPONE/LEVODOPA ANTIPARKINSON AGENTS 

16462 CARBIDOPA/ENTACAPONE/LEVODOPA ANTIPARKINSON AGENTS 

16463 CARBIDOPA/ENTACAPONE/LEVODOPA ANTIPARKINSON AGENTS 

17106 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

17107 CARBIDOPA/LEVODOPA ANTIPARKINSON AGENTS 

17705 RASAGILINE ANTIPARKINSON AGENTS 

17706 RASAGILINE ANTIPARKINSON AGENTS 

17827 SELEGILINE ANTIPARKINSON AGENTS 

18347 ROTIGOTINE ANTIPARKINSON AGENTS 

19448 PRAMIPEXOLE ANTIPARKINSON AGENTS 
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Table A13: List of anticonvulsants 

IEN Generic VA category 
01602 CLONAZEPAM ANTICONVULSANTS 

01603 CLONAZEPAM ANTICONVULSANTS 

01604 CLONAZEPAM ANTICONVULSANTS 

01630 DIAZEPAM ANTICONVULSANTS 

01631 DIAZEPAM ANTICONVULSANTS 

01633 DIAZEPAM ANTICONVULSANTS 

01914 PHENYTOIN ANTICONVULSANTS 

01915 PHENYTOIN ANTICONVULSANTS 

01916 PHENYTOIN ANTICONVULSANTS 

01917 PHENYTOIN ANTICONVULSANTS 

01918 PHENYTOIN ANTICONVULSANTS 

01920 PHENYTOIN ANTICONVULSANTS 

01921 PHENYTOIN ANTICONVULSANTS 

01923 PHENYTOIN ANTICONVULSANTS 

01924 PHENYTOIN ANTICONVULSANTS 

02007 CARBAMAZEPINE ANTICONVULSANTS 

02008 CARBAMAZEPINE ANTICONVULSANTS 

02009 CARBAMAZEPINE ANTICONVULSANTS 

02010 CARBAMAZEPINE ANTICONVULSANTS 

02011 CARBAMAZEPINE ANTICONVULSANTS 

02012 CARBAMAZEPINE ANTICONVULSANTS 

03723 MEPHOBARBITAL ANTICONVULSANTS 

04442 PRIMIDONE ANTICONVULSANTS 

04443 PRIMIDONE ANTICONVULSANTS 

05670 VALPROIC ACID ANTICONVULSANTS 

05671 VALPROIC ACID ANTICONVULSANTS 

05673 VALPROATE SODIUM ANTICONVULSANTS 

05724 DIVALPROEX ANTICONVULSANTS 

05725 DIVALPROEX ANTICONVULSANTS 

05726 DIVALPROEX ANTICONVULSANTS 

05727 DIVALPROEX ANTICONVULSANTS 

11777 FELBAMATE ANTICONVULSANTS 

11800 GABAPENTIN ANTICONVULSANTS 

11801 GABAPENTIN ANTICONVULSANTS 

11802 GABAPENTIN ANTICONVULSANTS 

12365 LAMOTRIGINE ANTICONVULSANTS 

12366 LAMOTRIGINE ANTICONVULSANTS 

12367 LAMOTRIGINE ANTICONVULSANTS 

12368 LAMOTRIGINE ANTICONVULSANTS 
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Table A13 continued 

12665 TOPIRAMATE ANTICONVULSANTS 

12666 TOPIRAMATE ANTICONVULSANTS 

12667 TOPIRAMATE ANTICONVULSANTS 

12783 TIAGABINE ANTICONVULSANTS 

12978 TOPIRAMATE ANTICONVULSANTS 

12997 CARBAMAZEPINE ANTICONVULSANTS 

12998 CARBAMAZEPINE ANTICONVULSANTS 

13382 LAMOTRIGINE ANTICONVULSANTS 

13553 CARBAMAZEPINE ANTICONVULSANTS 

13637 GABAPENTIN ANTICONVULSANTS 

13638 GABAPENTIN ANTICONVULSANTS 

13639 GABAPENTIN ANTICONVULSANTS 

13672 CARBAMAZEPINE ANTICONVULSANTS 

13683 PHENYTOIN ANTICONVULSANTS 

13684 PHENYTOIN ANTICONVULSANTS 

13840 GABAPENTIN ANTICONVULSANTS 

13841 GABAPENTIN ANTICONVULSANTS 

14097 OXCARBAZEPINE ANTICONVULSANTS 

14099 OXCARBAZEPINE ANTICONVULSANTS 

14101 OXCARBAZEPINE ANTICONVULSANTS 

14102 OXCARBAZEPINE ANTICONVULSANTS 

14217 LEVETIRACETAM ANTICONVULSANTS 

14218 LEVETIRACETAM ANTICONVULSANTS 

14219 LEVETIRACETAM ANTICONVULSANTS 

14485 ZONISAMIDE ANTICONVULSANTS 

14486 ZONISAMIDE ANTICONVULSANTS 

14528 DIVALPROEX ANTICONVULSANTS 

14725 DIVALPROEX ANTICONVULSANTS 

14756 DIVALPROEX ANTICONVULSANTS 

15091 CARBAMAZEPINE ANTICONVULSANTS 

15092 CARBAMAZEPINE ANTICONVULSANTS 

15093 CARBAMAZEPINE ANTICONVULSANTS 

15094 CARBAMAZEPINE ANTICONVULSANTS 

15095 CARBAMAZEPINE ANTICONVULSANTS 

15096 CARBAMAZEPINE ANTICONVULSANTS 

15119 PHENYTOIN ANTICONVULSANTS 

15175 GABAPENTIN ANTICONVULSANTS 

15723 CLONAZEPAM ANTICONVULSANTS 

15724 CLONAZEPAM ANTICONVULSANTS 

15725 CLONAZEPAM ANTICONVULSANTS 

15740 FOSPHENYTOIN ANTICONVULSANTS 
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Table A13 continued 

16140 DIVALPROEX ANTICONVULSANTS 

16634 LEVETIRACETAM ANTICONVULSANTS 

16759 ZONISAMIDE ANTICONVULSANTS 

16763 CLONAZEPAM ANTICONVULSANTS 

16765 CLONAZEPAM ANTICONVULSANTS 

16988 GABAPENTIN ANTICONVULSANTS 

16989 GABAPENTIN ANTICONVULSANTS 

16990 GABAPENTIN ANTICONVULSANTS 

17096 TOPIRAMATE ANTICONVULSANTS 

17455 CARBAMAZEPINE ANTICONVULSANTS 

18058 LEVETIRACETAM ANTICONVULSANTS 

18729 LEVETIRACETAM ANTICONVULSANTS 
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Table A14: Balance between BAM new-users and non-users groups after propensity score matching 
Variable New users (N=1125) Non-users (N=5469) p-value  

Gender- female: N(%) 45 (4.00%) 216 (3.95%) 0.937 

Age categories- no (%)     0.9231 

65 to 69 107 (9.51%) 513 (9.38%)   

70 to 74 207 (18.40%) 989 (18.08%)   

75 to 79 238 (21.16%) 1112 (20.33%)   

80 to 84 342 (30.40%) 1672 (30.57%)   

85+ 231 (20.53%) 1183 (21.63%)   

Race      0.8638 

White  913 (81.16%) 4421 (80.84%)   

Black  131 (11.64%) 666 (12.18%)   

Other  81 (7.20%) 382 (6.98%)   

Veteran Integrated Service Network     1.0000 

VISN 1: VA New England Healthcare System 45 (4.00%) 229 (4.19%)   

VISN 2: VA Health Care Upstate New York     33 (2.93%) 164 (3.00%)   

VISN 3: VA NY/NJ Veterans Healthcare Network 51 (4.53%) 255 (4.66%)   

VISN 4: VA Healthcare  116 (10.31%) 551 (10.07%)   

VISN 5: VA Capitol Health Care Network 42 (3.73%) 214 (3.91%)   

VISN 6: VA Mid-Atlantic Health Care Network     65 (5.78%) 311 (5.69%)   

VISN7: VA Southeast Network 38 (3.38%) 190 (3.47%)   

VISN 8: VA Sunshine Healthcare Network 84 (7.47%) 428 (7.83%)   

VISN 9: VA Mid South Healthcare Network 41 (3.64%) 203 (3.71%)   

VISN 10: VA Healthcare System of Ohio 46 (4.09%) 213 (3.89%)   

VISN 11: Veterans In Partnership 87 (7.73%) 409 (7.48%)   

VISN 12: VA Great Lakes Health Care System 43 (3.82%) 201 (3.68%)   

VISN 15: VA Heartland Network 42 (3.73%) 193 (3.53%)   

VISN 16: South Central VA Health Care Network 70 (6.22%) 365 (6.67%)   

VISN 17: VA Heart of Texas Health Care Network 53 (4.71%) 259 (4.74%)   

VISN 18: VA Southwest Health Care Network 66 (5.87%) 287 (5.25%)   

VISN 19: Rocky Mountain Network 24 (2.13%) 125 (2.29%)   

VISN 20: Northwest Network 27 (2.40%) 125 (2.29%)   

VISN 21: Sierra Pacific Network 51 (4.53%)  274 (5.01%)   

VISN 22: Desert Pacific Healthcare Network 19 (1.69%) 93 (1.70%)   

VISN 23: VA Midwest Health Care Network 82 (7.29%) 380 (6.95%)   
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Table A14 continued 
Fiscal year at admission 

  
0.9999 

2003 232 (20.62%) 1123 (20.53%) 

 2004 217 (19.29%) 1044 (19.09%) 
 

2005 179 (15.91%) 881 (16.11%) 
 

2006 167 (14.84%) 796 (14.55%) 
 

2007 133 (11.82%) 644 (11.78%) 
 

2008 134 (11.91%) 667 (12.20%) 
 

2009 63 (5.60%) 314 (5.74%) 
 

Body Mass Index: BMI categories- no (%) 
  

0.9744 

Normal weight 473 (42.04%) 2309 (42.22%) 
 

Underweight 71 (6.31%) 351 (6.42%) 
 

Overweight  341 (30.31%) 1641 (30.01%) 
 

Obese  194(17.24%) 925 (16.91%) 
 

Morbidly obese 13 (1.16%) 57 (1.04%) 
 

Missing or extreme value (1% trimming at both ends) 33 (2.93%) 186 (3.40%) 
 

Bowel Continence 
  

0.8712 

Continent  665 (59.11%) 3238 (59.21%) 
 

Usually Continent 124 (11.02%) 551 (10.07%) 
 

Occasionally Incontinent 63 (5.60%) 302 (5.52%) 
 

Frequently Incontinent 52 (4.62%) 240 (4.39%) 
 

Incontinent  220 (19.56%) 1129 (20.64%) 
 

Unknown (missing or out of range value)   1 (0.09%) 9 (0.16%) 
 

Bladder Continence 
  

0.9632 

Continent  685 (60.89%) 3282 (60.01%) 
 

Usually Continent 112 (9.96%) 545 (9.97%) 
 

Occasionally Incontinent 78 (6.93%) 384 (7.02%) 
 

Frequently Incontinent 70 (6.22%) 329 (6.02%) 
 

Incontinent  175 (15.56%) 909 (16.62%) 
 

Unknown (missing or out of range value)   5 (0.44%) 20 (0.37%) 
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Table A14 continued 
Bladder Continence Management 

   
Scheduled toileting plan 256 (22.76%) 1249 (22.84%) 0.9523 

Bladder retraining program 24 (2.13%) 116 (2.12%) 0.9792 

External catheter 88 (7.82%) 466 (8.52%) 0.4418 

Indwelling catheter 329 (29.24%) 1505 (27.52%) 0.2394 

Intermittent catheter 26 (2.31%) 135 (2.47%) 0.7555 

Pads/Briefs Used 393 (34.93%) 1925 (35.20%) 0.8653 

No appliance or program 380 (33.78%) 1904 (34.81%) 0.5057 

UTI in last 30 days- no (%) 172 (15.29%) 794 (14.52%) 0.5056 

Bowel Elimination Pattern- no (%)  
   

Regular 452 (40.18%) 2287 (41.82%) 0.3094 

Constipation 190 (16.89%) 877 (16.04%) 0.4792 

Diarrhea  76 (6.76%) 348 (6.36%) 0.6251 

Fecal Impaction 3 (0.27%) 15 (0.27%) 0.9645 

Cognitive Performance Score 
  

0.9215 

Intact: CPS=0 481 (42.76%) 2296 (41.98%) 
 

Borderline intact: CPS=1 217 (19.29%) 1079 (19.73%) 
 

Mild impairment: CPS=2 137 (12.18%) 686 (12.54%) 
 

Moderate impairment: CPS=3 167 (14.84%) 824 (15.07%) 
 

Moderate severe impairment: CPS=4 24 (2.13%) 118 (2.16%) 
 

Severe impairment: CPS=5 68 (6.04%) 284 (5.19%) 
 

Very severe impairment: CPS=6 28 (2.49%) 164 (3.00%) 
 

Missing  3 (0.27%) 18 (0.33%) 
 

Activities of Daily Living (ADL score)- Mean ±SD 11.2 ±  8.2257 11.3313 ± 8.2916 0.6716 

CHESS- no (%) 
  

0.9816 

CHESS=0 364 (32.36%) 1744 (31.89%) 
 

CHESS=1 327 (29.07%) 1607 (29.38%) 
 

CHESS=2 246 (21.87%) 1164 (21.28%) 
 

CHESS=3 95 (8.44%) 476 (8.70%) 
 

CHESS=4 29 (2.58%) 134 (2.45%) 
 

CHESS=5 4 (0.36%) 17 (0.31%) 
 

Missing  60 (5.33%) 327 (5.98%) 
 

MDS Behavioral Score - Mean ±SD 0.5387 ± 1.4978 0.5076 ± 1.4708 0.4569 
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Table A14 continued 
Balance while standing 

  
0.9904 

Maintained position as required in test 212 (18.84%) 1011 (18.49%) 
 

Unsteady, but able to rebalance w/o physical support 208 (18.49%) 995 (18.19%) 
 

Partial physical support during test or stands but does not follow directions 
for test 

236 (20.98%) 1136 (20.77%) 
 

Not able to attempt test w/o physical help 424 (37.69%) 2103 (38.45%) 
 

Unknown (missing or out of range value)   45 (4.00%) 224 (4.10%) 
 

Balance while sitting 
  

0.9714 

Maintained position as required in test 829 (73.69%) 4007 (73.27%) 
 

Unsteady, but able to rebalance w/o physical support 92 (8.18%) 474 (8.67%) 
 

Partial physical support during test or stands but does not follow directions 
for test 

84 (7.47%) 389 (7.11%) 
 

Not able to attempt test w/o physical help 113 (10.04%) 563 (10.29%) 
 

Unknown (missing or out of range value)   7 (0.62%) 36 (0.66%) 
 

Comorbidities 
   

Number of Elixhauser Comorbidities (hospitalization or outpatient visits )- 
Mean (SD) 

3.9413 (2.8316) 3.9406 (2.8069) 0.8836 

No hospitalization or outpatient visits (Elixhauser) 125 (11.11%) 606 (11.08%) 0.9763 

Congestive Heart Failure 284 (25.24%) 1373 (25.11%) 0.9219 

Cardiac dysrhythmias 198 (17.60%) 939 (17.17%) 0.7278 

Hypertension  874 (77.69%) 4214 (77.05%) 0.6433 

Hypertension complicated 98 (8.71%) 478 (8.74%) 0.9749 

Paralysis  47 (4.18%) 224 (4.10%) 0.8996 

COPD 348 (30.93%) 1685 (30.81%) 0.935 

Diabetes  452 (40.18%) 2238 (40.92%) 0.6439 

Diabetes complicated 149 (13.24%) 756 (13.82%) 0.6073 

Tumor with metastasis 46 (4.09%) 230 (4.21%) 0.8588 

Hypotension  15 (1.33%) 85 (1.55%) 0.5809 

Cancer  273 (24.27%) 1318 (24.10%) 0.905 

Osteoporosis  87 (7.73%) 400 (7.31%) 0.6243 

Cerebrovascular accident (stroke) 232 (20.62%) 1104 (20.19%) 0.7405 
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Table A14 continued 
Depression  151 (13.42%) 731 (13.37) 0.9599 

Psychosis 138 (12.27%) 681 (12.45%) 0.8637 

Unsteady Gait 498 (44.27%) 2362 (43.19%) 0.5065 

Vision 
  

0.9608 

Adequate 783 (69.60%) 3821 (69.87%) 
 

Impaired 243 (21.60%) 1146 (20.95%) 
 

Moderately impaired 59 (5.24%) 280 (5.12%) 
 

Highly impaired 22 (1.96%) 128 (2.34%) 
 

Severely impaired 13 (1.16%) 64 (1.17%) 
 

Unknown (missing or out of range value)  5 (0.44%) 30 (0.55%) 
 

Fell in past 30 days 210 (18.67%) 1032 (18.87%) 0.8738 

Fell in past 31-180 days 262 (23.29%) 1299 (23.75%) 0.7393 

Hip fracture in last 180 days 23 (2.04%) 99 (1.81%) 0.5954 

Other fracture in past 180 days 29 (2.58%) 142 (2.60%) 0.9714 

Medication use- number of medications (last 7 days) 
  

0.2153 

≤ 3 21 (1.87%) 70 (1.28%) 
 

3 -10 339 (30.13%) 1728 (31.60%) 
 

>10 765 (68.00%) 3671 (67.12%) 
 

    
Medication use 30 days before index date 

   
Alpha-blockers 451 (40.09%) 2233 (40.83%) 0.6449 

ACE inhibitors 398 (35.38%) 1946 (35.58%) 0.8961 

Antidepressants  601 (53.42%) 2872 (52.51%) 0.5785 

Antipsychotics  265 (23.56%) 1262 (23.08%) 0.7281 

Anticonvulsants 304 (27.02%) 1446 (26.44%) 0.6871 

BZD 49 (4.36%) 251 (4.59%) 0.7317 

Antiparkinson medication 62 (5.51%) 317 (5.80%) 0.7082 

Antivertigo medication 18 (1.60%) 92 (1.68%) 0.8446 

CNS stimulants 160 (14.22%) 794 (14.52%) 0.7972 

Beta-blockers 527 (46.84%) 2519 (46.06%) 0.6306 

Diuretics  444 (39.47%) 2134 (39.02%) 0.7797 

Calcium channel blockers 235 (20.89%) 1161 (21.23%) 0.7994 

Anticholinergic burden (ADS score)- Mean (SD) 3.44 (3.2339) 3.3337 (3.1975) 0.1996 
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