PharmacoEconomics - Open (2021) 5:727-736
https://doi.org/10.1007/541669-021-00281-8

ORIGINAL RESEARCH ARTICLE q

Check for
updates

The Costs and Healthcare Resource Utilization Associated
with Anticholinergic Burden in Long-Stay Nursing Home Residents
with Overactive Bladder in the US

Satabdi Chatterjee’ - David Walker? - Tomomi Kimura® - Rajender R. Aparasu’

Accepted: 13 June 2021 / Published online: 13 July 2021
© The Author(s) 2021

Abstract

Background Overactive bladder (OAB) is a prevalent condition commonly treated with anticholinergic medications. The
extent to which anticholinergic burden is associated with costs and healthcare resource use (HCRU) in the long-stay nursing
home (LSNH) setting is currently unknown.

Objectives This research evaluated the impact of anticholinergic burden on HCRU and related costs among LSNH residents
with OAB.

Methods This was a cohort study based on 2013-2015 Minimum Data Set-linked Medicare claims data involving LSNH
residents aged > 65 years with OAB and having Parts A, B and D coverage 6 months pre- and > 12 months post-nursing home
admission date (index date). Cumulative anticholinergic burden was determined using the Anticholinergic Cognitive Burden
scale and defined daily dose. Direct medical costs related to HCRU were examined. HCRU included inpatient, outpatient,
emergency room (ER), and physician office visits. Costs and HCRU associated with levels of anticholinergic burden were
evaluated using generalized linear models.

Results A total of 123,308 LSNH residents with OAB were included in this study. Most residents (87.2%) had some level
(12.8%, none; 18.0%, low; 41.9%, moderate; and 27.3%, high) of cumulative anticholinergic burden. Results indicate that all
types of resource utilization were higher among those with any level of anticholinergic burden than those with no burden.
The outpatient, ER, and physician costs tended to be higher with increasing anticholinergic burden.

Conclusions Costs and HCRU patterns reflected increasing trends with anticholinergic burden. Targeted efforts towards
reducing anticholinergic burden among LSNH residents with OAB may result in decreases in costs and HCRU.

1 Introduction adults [3] and as a result poses a significant burden in nurs-
ing home populations [4]. Estimates of the prevalence
Overactive bladder (OAB) comprises a constellation of uri- ~ of OAB, specifically within the nursing home setting are

nary symptoms typlcally characterized by urgency, with or scarce, although one study conducted among Medicare ben-
without urge incontinence, and accompanied by frequency eficiaries ascertained from administrative claims data that
and nocturia [1, 2]. It is particularly common among older ~ 36% of long-term residents had a diagnosis of OAB [5].
Previous studies have indicated that OAB poses a substantial
economic burden to the US, 24% of which ($2.85 billion
P4 Rajender R. Aparasu in 2000) occurs in the institutional setting [6]. Based on
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Key Points for Decision Makers

The findings of this study indicate that all types of
resource utilization were higher among long-stay nursing
home (LSNH) residents with overactive bladder (OAB)
and any level of anticholinergic burden compared with
those with no anticholinergic burden.

Healthcare costs tended to be higher among OAB
patients with higher anticholinergic burden.

Targeted efforts towards reducing anticholinergic
burden among LSNH residents with OAB may result in
decreases in healthcare resource utilization and costs.

and timed voiding, habit retraining, pelvic floor muscle
exercises, and bladder training; implementation of these
strategies are guided by a resident’s mobility and cognitive
status [8]. Research indicates that these non-pharmacolog-
ical strategies are successful within an OAB population,
and it is therefore recommended that these strategies be
implemented prior to the initiation of pharmacotherapy
[9, 10]. Among residents with dementia and those who are
relatively immobile, behavioral strategies may be less suc-
cessful and the use of pads and diapers may be preferred.
Both behavioral strategies and the use of pads and diapers
avoid contributing to polypharmacy among patients; how-
ever, it may add to the economic burden of the condition
[11, 12]. OAB pharmacotherapy is primarily comprised of
antimuscarinic agents, which are part of the class of oral
anticholinergic medications [13]; however, anticholinergics
are associated with several central and peripheral adverse
effects. Additionally, the safety and tolerability issues
associated with antimuscarinics have resulted in subopti-
mal adherence and persistence to these medications among
OAB patients [14, 15]. Furthermore, cumulative exposure
to anticholinergic medications (‘anticholinergic burden’)
has been associated with a greater risk of adverse effects
[16—19]. A recent retrospective analysis using administra-
tive Medicare claims data found that anticholinergic burden
was present in almost two-thirds of beneficiaries [16]. The
consequences of anticholinergic burden among this vulner-
able population range from impairments in physical perfor-
mance and the ability to perform activities of daily living
(ADLs) to an increased risk of dementia [17-19]. Further-
more, given the safety concerns, the most recent version of
the American Geriatrics Society Beers Criteria includes the
recommendation to avoid drugs with strong anticholinergic
properties [20].
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Several studies have shown that anticholinergic burden
increased healthcare resource utilization and costs, although
these findings were largely derived from outpatient popula-
tions [21-23]. Retrospective analyses using US electronic
medical record (EMR) data revealed that among elderly indi-
viduals (age 65 years and older), increases in anticholinergic
burden were associated with greater odds of emergency room
(ER) visits and both inpatient and outpatient hospitalizations
[21]. Similar findings have been observed among other global
settings, including an analysis of older outpatients in New
Zealand, where increases in anticholinergic burden were also
associated with greater odds of inpatient and outpatient visits
[24]. Finally, a population-based study of elderly individu-
als in Finland revealed that level of anticholinergic burden
was associated with a greater risk of hospitalization [23].
Although there is extensive anticholinergic use and associ-
ated anticholinergic burden among nursing home residents
[25, 26], the extent to which anticholinergic burden is asso-
ciated with healthcare resource use (HCRU) and costs in a
nursing home setting is currently unknown.

We recently evaluated anticholinergic burden among
long-stay nursing home (LSNH) residents and found that
nearly 90% of those with OAB were exposed to varying
levels of burden, two-thirds of whom demonstrated moder-
ate-to-high levels. Level of exposure (no, low, moderate, or
high) was ascertained by evaluating a drug’s anticholinergic
activity and patient-specific dosing [25]. Given the anticho-
linergic burden and impact of this burden on healthcare, it
is particularly important to assess the healthcare resource
utilization and costs associated with anticholinergic burden
among LSNH to understand the resource implications of
managing OAB. Thus, the objective of this study was to
evaluate the impact of anticholinergic burden on health care
use and related costs in LSNH residents with OAB.

2 Methods
2.1 Data Source

This was a retrospective cohort study using Minimum Data
Set (MDS)-linked Medicare claims data from January 2013
to December 2015, involving Parts A, B and D. The MDS is
a standardized assessment and is performed within nursing
homes that are eligible for Medicare or Medicaid funding.
At a minimum, data on long-term residents are collected on
a quarterly basis and includes information on a variety of
outcomes, including, but not limited to, patient function-
ing, cognition, mobility, behavioral symptoms, diagnoses,
and medications [27]. Medicare Standard Analytical Files
(SAFs) are restricted to claims submitted by Fee-for-Service
enrollees and include specific files on inpatients, outpatients,
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skilled nursing homes, carriers and durable medical equip-
ment, as well as MedPAR, the Denominator file, Vital Stats
and Part D files [28, 29]. SAFs do not include patients from
Medicare managed care plans. This study was approved
under exempt category by the University of Houston Com-
mittee for the Protection of Human Subjects as this was a
retrospective study involving de-identified data.

2.2 Study Design and Study Cohort

Residents were considered to be long-stay if they had at
least one nursing home stay of at least 101 consecutive days
[30]. Additional criteria for inclusion into the study were
age 65 years or older at the time of nursing home admission
(index date), and having Parts A, B and D coverage 6 months
before, and a minimum of 12 months following, the index
date. In addition to the Parts A, B and D coverage require-
ments, residents were required to have at least 280 days of
nursing home stay following the index date in order to assess
anticholinergic exposure over a 6-month follow-up period.
This is because Medicare Part D data were used to assess
anticholinergic use, and medications used during the first 100
days following admission are generally covered by Medicare
Part A. Finally, patients were required to have at least one
medication claim during the 6-month period starting on the
101st day of admission. The presence of OAB was based on
inpatient and/or outpatient International Classification of Dis-
eases Ninth/Tenth Revision ICD-9/10) diagnosis codes or a
claim for an OAB-specific medication based on prescription
fill records or CPT codes during the study period. Specific
diagnostic and medication codes, as well as a schematic of
patient enrollment and follow-up, are available in the study by
Chatterjee et al. [25].

2.3 Anticholinergic Exposure

Cumulative anticholinergic burden was calculated using pre-
viously published methods that adjust for a drug’s anticho-
linergic activity along with patient-specific dosing [18, 31].
In this study, anticholinergic medication use was assessed
for each patient over a 6-month period, starting from the
101st day of admission, and was based on the medications
listed in the Anticholinergic Cognitive Burden (ACB) scale
[32]. A multistep process was subsequently used to ascertain
patient-specific dosing. This first included the standardiza-
tion of differences in medication dosing using the World
Health Organization’s (WHO) defined daily dose (DDD)
in order to obtain the standardized daily dose (SDD) [31,
33]. It should be noted that the DDD does not necessarily
correspond to the recommended dose or prescribed daily
dose (PDD) [33]. Next, the SDD for each patient was mul-
tiplied by the corresponding ACB scale score to obtain the
drug-specific standardized daily anticholinergic exposure

(SDACE). A summated standardized daily anticholiner-
gic exposure (SumSDACE) was obtained by totaling the
SDACE values for each day of the study period. The daily
SumSDACE values were then totaled over the 6-month
follow-up period starting from the 101st day after admis-
sion in order to obtain cumulative exposure [31]. Previ-
ously published cut-off values of cumulative SumSDACE
scores were used to classify patients with no (0), low (1-89),
moderate (90-499), or high (> 500) anticholinergic burden
[34]. Additional detail regarding the calculation of cumula-
tive anticholinergic exposure can be found in the study by
Chatterjee et al. [25].

2.4 Measures

The outcomes of this study were healthcare resource utiliza-
tion and costs, according to the levels of anticholinergic bur-
den. HCRU included inpatient, outpatient, ER, and physician
office visits that occurred during the 6 months of follow-up
from the 101st day of nursing home admission through day
280. Inpatient utilization was defined as the number of all-
cause hospital admissions during this period. Direct medical
costs related to HCRU during the 6-month follow-up period
were tabulated for each patient.

2.5 Statistical Analysis

Descriptive statistics were used to summarize patient
demographic and clinical characteristics by levels of cumu-
lative anticholinergic burden (no, low, moderate, and high).
Multiple regression models were subsequently developed
to evaluate HCRU and costs associated with cumulative
anticholinergic burden. HCRU with skewed count data
was analyzed using negative binomial distributed general-
ized linear models (GLMs) with a log-link function. Coef-
ficients for negative binomial models were computed as
incidence rate ratios (IRR). All models were adjusted for
demographics, function (ADLs), and clinical character-
istics by using multiple propensity score adjustment [26,
35]. Finally, costs were analyzed using gamma-distributed
log-link GLMs and adjusted to 2019 US dollar (US$) val-
ues using the consumer price index (CPI). Coefficients for
gamma-distributed cost models were computed as cost
ratios.

Sensitivity analyses were employed in order to examine
the robustness of study findings based on the definitions of
certain exposure and outcome variables. Specifically, inclu-
sion criteria were modified so that OAB patients were only
identified by ICD-9/10 codes for OAB. Furthermore, the first
100 days of stay (Part D coverage) were considered as part
of the calculation of cumulative anticholinergic burden. All
regression analyses were repeated to examine the impact of
these changes on the findings.
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3 Results
3.1 Baseline Characteristics

A total of 124,345 LSNH residents with OAB were identi-
fied during the study period. The mean age was 82.6 (=
8.28) years, 72.7% were female, and 87.3% were non-His-
panic White. The most common comorbidities overall were
hypertension, fluid and electrolyte disorders, and depres-
sion. The majority of residents received antidepressant
medications and were dependent with regard to performing
ADLs. A total of 123,308 (99.2%) residents had at least
one medication claim during the 6-month period starting
from the 101st day of admission, and formed the analytical
cohort for multivariable analyses. Most of these residents
(87.2%) had some level of anticholinergic burden during
the 6-month period starting from the 101st day of admis-
sion based on the cumulative SumSDACE. The cumula-
tive SumSDACE scores were used to classify patients into
the following categories of anticholinergic burden: 12.8%
with no cumulative anticholinergic burden, 18.0% with low
cumulative anticholinergic burden, 41.9% with moderate
cumulative anticholinergic burden, and 27.3% with high
cumulative anticholinergic burden (Table 1; electronic sup-
plementary Table 1).

3.2 Healthcare Resource Utilization

Regarding healthcare resource utilization, the mean number
of outpatient visits increased with the levels of anticholiner-
gic burden. Residents in the no burden group had an average
of 4.82 (SD 5.76) outpatient visits, those with low burden
had 5.75 (6.58) outpatient visits, those with moderate bur-
den had 6.77 (7.52) outpatient visits, and those with high
burden had 7.81 (8.48) outpatient visits. The percentage of
those with one or more visits also increased with levels of
burden (82.77%, 86.67%, 89.23%, and 90.99% for those with
no, low, moderate, and high levels of burden, respectively).
While the mean number of inpatient hospitalizations did not
differ by level of burden, a higher percentage of those with
any anticholinergic burden had one or more hospital admis-
sions than those with no burden (15.12%, 24.38%, 25.35%,
and 25.00% for those with no, low, moderate, and high lev-
els of burden, respectively). Likewise, the mean number of
physician visits did not differ according to levels of burden.
However, the percentage of those with one or more visits
increased with levels of burden (40.90%, 46.43%, 51.79%,
and 57.91% for those with no, low, moderate, and high levels
of burden, respectively). Finally, the mean number of ER
visits increased slightly with level of burden. Specifically,
the mean number of visits was 0.39 (SD 0.82), 0.59 (SD
1.02), 0.65 (SD 1.10), and 0.67 (SD 1.12) for those with
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no, low, moderate, and high levels of burden, respectively.
The percentage of those with one or more emergency vis-
its also increased with levels of burden (25.81%, 36.12%,
37.83%, and 38.68% for those with no, low, moderate, and
high levels of burden, respectively) (Table 2). Finally, results
from the negative binomial regression analyses indicate that
after adjusting for covariates, all types of resource utilization
were higher among those with any level of anticholinergic
burden (low, moderate, or high) than those with no burden
(Table 3).

3.3 Healthcare Costs

In terms of mean healthcare costs, expenditures for those
with moderate/high levels of burden were higher in all types
of HCRU than those with no/low levels of burden. The
per-person annual costs associated with outpatient visits
increased from $1889 for those in the no burden group to
$2780 for those with high burden. Costs associated with
physician visits increased from $84 to $143 for those with
no burden and those with high burden, respectively, while
costs associated with ER visits increased from $179 to $299
for those with no burden and those with high burden, respec-
tively. For inpatient hospitalizations, mean costs were lowest
among those with no burden ($2161), but those with low
and moderate burden ($3850 and $3862, respectively) had
slightly higher costs than those with high burden ($3700)
(Table 4).

Results from the propensity score-adjusted regression
analysis indicated that patients with low burden incurred
6% higher inpatient costs than patients with no burden in
the adjusted analysis (IRR 1.06, 95% confidence interval
[CI] 1.01-1.11). For high versus no burden, admission costs
were 5% lower in the high burden group (IRR 0.95, 95% CI
0.91-0.99), and for moderate versus no burden, there was
no difference (IRR 0.99, 95% CI 0.96-1.04). For adjusted
outpatient department costs, all low, moderate, and high
burden groups were significantly higher than the no burden
group. The IRR for the low burden group was 1.09 (95%
CI 1.05-1.13), the IRR for the moderate burden group was
1.10 (95% CI 1.06-1.13), and the IRR for the high burden
group was 1.11 (95% CI 1.08-1.15). For adjusted physi-
cian office visits, high burden patients had significantly
higher costs than those with no burden (IRR 1.05, 95% CI
1.02-1.08). Furthermore, there was no significant difference
between low burden versus no burden (IRR 1.01, 95% CI
0.97-1.04) or moderate burden versus no burden (IRR 1.03,
95% CI 0.99-1.06). Finally, for adjusted ER visits, low and
moderate burden were associated with higher costs than no
burden. The IRR for the low burden group was 1.07 (95%
CI 1.03-1.11) and the IRR for the moderate burden group
was 1.04 (95% CI 1.01-1.08). However, for the high burden
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Table 1 Baseline characteristics of elderly nursing home residents with OAB, categorized by levels of cumulative anticholinergic burden
Elderly long-stay NH patients with OAB having prescription records during 101-280 days of follow-up [N = 123,308]
Characteristics No burden (score 0) Low burden (score Moderate burden (score High burden (score
[n=15,801] (12.8%)  1-89) [n = 22,215] 90-499) [n = 51,668] > 500) [n = 33,624]
(18.0%) (41.9%) (27.3%)
Age, years

65-74 [n = 24,067]

75-84 [n = 43,269]

85+ [n = 55,964]

Sex

Male [n = 33,511]

Female [n = 89,437]
Race/ethnicity®

Non-Hispanic White [n = 107,659]
Non-Hispanic Black [n = 10,785]
Hispanics [n = 1802]

Other [n = 2847]

Marital status®

Married [n = 29,429]

Unmarried [n = 93,138]

Medicare/Medicaid dual eligible
[n=56,966]

Region®

South [n = 44,987]
Northeast [n = 26,586]
Midwest [n = 39,969]
West [n = 11,750]

Others [n = 10]
Urban/Rural

Rural [n = 35,152]

Urban [n = 88,156]
Baseline medication use [n (%)]
Antidepressants
Diuretics

B-Blockers

Calcium channel blockers
Anticonvulsants

ACE inhibitors
Antipsychotics
Antiparkinson agents
a-Blockers

2341 (14.82) (9.7%)
5271 (33.36) (12.2%)
8181 (51.83) (14.6%)

4891 (30.05) (14.6%)
10,910 (69.05) (12.2%)

13,183 (83.57) (12.2%)
1690 (10.71) (15.7%)
303 (1.92) (16.8%)
598 (3.79) (21%)

4014 (25.59) (13.6%)
11,672 (74.11) (12.5%)
6620 (41.90%) (11.6%)

5290 (33.48) (11.8%)
3529 (22.34) (13.3%)
4918 (31.13) (12.3%)
2062 (13.05) (17.5%)
1(0.01) (10.0%)

4102 (25.96) (11.7%)
11,699 (74.04) (13.3%)

8856 (56.05)
5190 (32.85)
4200 (26.58)
5342 (33.81)
4437 (28.08)
5357 (33.90)
3096 (19.59)
1918 (12.14)
471 (2.98)

3309 (14.90) (13.7%)
7578 (34.11) (17.5%)
11,328 (50.99) (20.2%)

6721 (30.25) (20.1%)
15,494 (69.75) (17.3%)

19,063 (85.97) (17.7%)
2103 (9.48) (19.5%)
370 (1.67) (20.5%)
639 (2.88) (22.4%)

5762 (26.11) (19.6%)
16,309 (73.89) (17.5%)
9336 (42.03) (16.4%)

7864 (35.40) (17.5%)
5387 (24.25) (20.3%)
6699 (30.16) (16.8%)
2264 (10.19) (19.3%)
1 (0.00) (10.0%)

5549 (25.98) (15.8%)
16,666 (75.02) (18.9%)

15,313 (68.93)
10,781 (48.53)
11,498 (51.76)
8605 (38.74)
8005 (36.03)
8589 (38.66)
8588 (38.66)
2929 (13.18)
782 (3.52)

9687(18.75) (40.0%)
18,250 (35.32) (42.2%)
23,731 (45.93) (42.4%)

13,933 (26.97) (41.6%)
37,735 (73.03) (41.8%)

45,222 (87.68) (42%)
4493 (8.71) (41.7%)
777 (1.51) (43.1%)
1085 (2.10) (38.1%)

12,351 (24.04) (42.0%)
39,032 (75.96) (41.9%)
23,928 (46.31) (42.0%)

19,225 (37.21) (42.7%)
11,114 (21.51) (41.8%)
16,745 (32.41) (41.9%)
4577 (8.86) (39.0%)
5(0.01) (50.0%)

14,770 (28.59) (42.0%)
36,898 (71.41) (41.9%)

38,604 (74.72)
34,354 (66.49)
31,998 (61.93)
22,540 (43.62)
22,331 (43.22)
22,252 (43.07)
20,591 (39.85)
7929 (15.35)
2103 (4.07)

8730 (25.96) (36.0%)
12,170 (36.19) (28.0%)
12,724 (37.84) (22.7%)

7966 (23.69) (23.8%)
25,658 (76.31) (28.7%)

30,191 (89.94) (28.0%)
2499 (7.44) (23.2%)
352 (1.05) (19.5%)
525 (1.56) (18.4%)

7302 (21.84) (24.8%)
26,125 (78.16) (28.0%)
17,082 (50.80) (30.0%)

12,608 (37.50) (28.0%)
6556 (19.50) (24.7%)
11,607 (34.52) (29.0%)
2847 (8.47) (24.2%)
3(0.01) (30.0%)

10,731 (31.91) (30.5%)
22,893 (68.09) (26.0%)

27,072 (80.51)
24,280 (72.21)
22,116 (65.77)
15,565 (46.29)
16,830 (50.05)
14,774 (43.94)
14,739 (43.83)
6709 (19.95)
1349 (4.01)

Italicized values indicate the percentage based on the row total; non-italicized percentage values refer to the percentage of patients in each

anticholinergic burden category. Baseline Elixhauser comorbidities can be found in electronic supplementary Table 6

ACE angiotensin-converting enzyme, MDS Minimum Data Set, NH nursing home, OAB overactive bladder

*Based on enrollment files and includes missing data. Denominator for the percentage calculation is those who have non-missing data

"Based on MDS admission assessment and includes missing data. Denominator for the percentage calculation is those who have non-missing

data
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Table 2 Healthcare resource utilization by levels of cumulative anticholinergic burden in patients with OAB

Utilization No burden Low burden Moderate burden High burden p value
Hospitalization utilization

One or more hospital admissions 2389 (15.12) 5415 (24.38) 13,097 (25.35) 8407 (25.00) < 0.0001
Hospitalization distribution

0 13,412 (84.88) 16,800 (75.62) 38,571 (74.65) 25,217 (75.00) < 0.0001
1 1815 (11.49) 3839 (17.28) 9179 (17.77) 5884 (17.50)

2 440 (2.78) 1097 (4.94) 2662 (5.15) 1728 (5.14)

>2 134 (0.85) 479 (2.16) 1256 (2.43) 795 (2.36)

Number of admissions

Mean (SD) number of admissions 0.35(0.72) 0.37 (0.76) 0.36 (0.76) 0.36 (0.75) <0.0001
Median (IQR) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)

OD visits

One or more visits 13,079 (82.77) 19,254 (86.67) 46,104 (89.23) 30,595 (90.99) <0.0001
Distribution of OD visits

0 2722 (17.23) 2961 (13.33) 5564 (10.77) 3029 (9.01) <0.0001
1 1908 (12.08) 2387 (10.74) 4750 (9.19) 2680 (7.97)

2 1933 (12.23) 2486 (11.19) 5273 (10.21) 3063 (9.11)

>2 9238 (58.46) 14,381 (64.74) 36,081 (69.83) 24,852 (73.91)

Mean (SD) number of OD visits 4.82 (5.76) 5.75 (6.58) 6.77 (7.52) 7.81 (8.48) <0.0001
Median (IQR) 3(1-5) 4(2-8) 5(2-9) 5(2-10)

Physician visits

One or more visits 6462 (40.90) 10,315 (46.43) 26,760 (51.79) 19,470 (57.91) <0.0001
Distribution of physician visits

0 9339 (59.10) 11,900 (53.57) 24,908 (48.21) 14,154 (42.09) <0.0001
1 2436 (15.42) 3894 (17.53) 9124 (17.66) 5996 (17.83)

2 1431 (9.06) 2159 (9.72) 5753 (11.13) 4081 (12.14)

>2 2595 (16.42) 4262 (19.19) 11,883 (23.00) 9393 (27.94)

Mean (SD) number of physician visits 1.23 (2.41) 1.42 (2.54) 1.69 (2.81) 2.05 (3.11) <0.0001
Median (IQR) 0 (0-0) 0 (0-0) 1(0-2) 1(0-3)

ER visits utilization

One or more ER visits 4079 (25.81) 8023 (36.12) 19,548 (37.83) 13,006 (38.68) <0.0001
Distribution of ER visits

0 11,722 (74.19) 14,192 (63.88) 32,120 (62.17) 20,618 (61.32) <0.0001
1 2774 (17.56) 4967 (22.36) 11,748 (22.74) 7689 (22.87)

2 836 (5.29) 1828 (8.23) 4550 (8.81) 3121 (9.28)

>2 469 (2.97) 1228 (5.53) 3250 (6.29) 2196 (6.53)

Mean (SD) number of ER visits 0.39 (0.82) 0.59 (1.02) 0.65 (1.10) 0.67 (1.12)

Median 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)

Data are expressed as n (%) unless otherwise specified

ER emergency room, /QR interquartile range, OAB overactive bladder, OD outpatient department, SD standard deviation

P values < 0.05 are considered significant

group, there was no difference compared with those with 4 Discussion

no burden (IRR 0.99, 95% CI 0.96-1.03) (Table 5). Finally,
results from the sensitivity analyses were consistent with
all trends observed in the primary analyses (electronic sup-
plementary Tables 2-5).

To the authors’ knowledge, this is the first US study to
evaluate health care utilization and costs associated with
anticholinergic burden among a nationally representative
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Table 3 Health care utilization among long-stay nursing home resi-
dents with OAB: results from propensity score-adjusted negative
binomial regression analysis

Utilization Cumulative Unadjusted Adjusted
anticholinergic  1pp (959 C1 IRR (95% CT)
burden

Hospital No Reference Reference

admission Low 173 (1.64-1.89) 141 (1.34-1.49)
Moderate 1.83 (1.75-1.92) 1.32 (1.26-1.38)
High 1.80 (1.72-1.89) 1.16 (1.10-1.22)

OD visits No Reference Reference
Low 1.19 (1.16-1.22) 1.11 (1.09-1.14)
Moderate 1.40 (1.37-1.43) 1.19 (1.16-1.22)
High 1.62 (1.58-1.66) 1.27 (1.24-1.30)

Physician visits No Reference Reference
Low 1.15 (1.11-1.20) 1.08 (1.04-1.13)
Moderate 1.33 (1.38-1.43) 1.13 (1.09-1.17)
High 1.67 (1.61-1.73) 1.22 (1.18-1.27)

ER visits No Reference Reference
Low 1.52 (1.46-1.58) 1.30 (1.25-1.35)
Moderate 1.65 (1.59-1.72) 1.29 (1.24-1.34)
High 1.71 (1.64-1.77) 1.22 (1.17-1.34)

CI confidence interval, ER emergency room, /RR incidence rate ratio,
OAB overactive bladder, OD outpatient department

sample of OAB patients in the long-term care facility
setting. Previous studies have mainly focused on outpa-
tient settings and have found that anticholinergic bur-
den increased healthcare resource utilization and costs
[21-23]. This study involving LSNH residents with OAB
found that overall, healthcare resource utilization and
costs increased with anticholinergic burden in the US.
The largest differences in health care utilization and costs
were observed when those with no anticholinergic burden
were compared with those with any level of burden (low,
moderate, and high).

Despite differences in study populations, these findings
are largely in line with previous observations that health-
care resource utilization among community-dwelling adults
with OAB increased with higher levels of anticholinergic
burden [36]. Lozano-Ortega et al. found that among com-
mercially insured OAB patients in the US, approximately
65% of individuals had some level of anticholinergic burden
[36]. Significantly greater healthcare resource utilization
was observed among those with any level of anticholin-
ergic burden (low, moderate, or high) versus those with
no burden. Indeed, the relationships reported by Lozano-
Ortega et al. between level of anticholinergic burden and
healthcare costs were more consistently linear than the
relationships in the present study, where costs and utiliza-
tion were at times observed to peak with moderate levels

of burden [36]. However, although there was variability in
healthcare costs across anticholinergic burden groups in the
present study, healthcare costs were generally higher among
those with higher anticholinergic burden. Furthermore, the
results of this study are also consistent with research con-
ducted among a general older adult population, where it
was observed that the relationship between level of anticho-
linergic burden and healthcare costs persisted subsequent
to adjustment for patient comorbidities [21, 37]. A study
of 3344 community-dwelling older adults in the US found
that increasing levels of anticholinergic burden were also
associated with higher costs in analyses that adjusted for
comorbid conditions [21]. Furthermore, a study using Tai-
wanese administrative claims found that after adjusting for
comorbidities, level of anticholinergic burden was associ-
ated with an increased risk of ER visits and all-cause hos-
pitalization [37].

The study findings suggest the need to reduce anticho-
linergic burden and its associated healthcare impact. A
systematic review by Nakham et al. indicated that while
exposure could be successfully reduced, the impact of a
reduction in exposure has not been adequately evaluated
[38]. However, studies using the AGS Beers criteria to
guide reductions in polypharmacy among individuals in
long-term care can provide some evidence regarding the
potential impact of anticholinergic burden on healthcare
costs [39, 40]. Another study found that after an interven-
tion to reduce polypharmacy, a reduction in anticholiner-
gics accounted for approximately 10% of the total decrease
in healthcare costs [39]. Thus, given the high healthcare
resource utilization and costs associated with anticholin-
ergic burden, efforts to reduce the levels of anticholinergic
burden could result in decreased utilization and costs, spe-
cifically among LSNH residents with OAB. Additionally,
the use of pads and diapers would avoid contributing to
anticholinergic burden in the LSNH population with OAB
[11, 12]; however, it is unclear whether their use would
result in a net reduction economic burden and warrants
further investigation.

The limitations of this study include those that are
inherent to administrative claims data. This includes issues
related to the accuracy of medication recording; for exam-
ple, whether or not a prescribed medication was actually
taken cannot be verified, which could potentially result
in the overestimation of level of burden. Conversely, as
the use and coverage of over-the-counter medications vary
by state and are not captured by Medicare, they would
not be captured in this study. This may have resulted in
an underestimation of burden. Although the DDD helps
to standardize drug consumption, it does not reflect rec-
ommended dose or PDD [33]. Other issues include the
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Table 4 Health care costs (2019 US$) among long-stay nursing home residents with OAB

Unit Variable Levels of cumulative anticholinergic burden p value
No burden Low burden Moderate burden High burden

US$ Hospital admission
Mean (+ SD)  2160.68 (7235.65) 3849.85 (10,192.41) 3862.09 (9973.69) 3700.45 (9449.97) < 0.0001
Median (IQR) 0 (0-0) 0 (0-0) 0 (0-2521.90) 0 (0-0)
OD visits
Mean (+ SD)  1888.97 (3334.54) 2293.73 (3804.29) 2536.39 (3955.25) 2779.85 (4045.19) < 0.0001
Median (IQR) 752.04 (74.58-2330.64) 1057.52 (152.98-899.31) 1268.54 (239.53-260.77) 1488.93 (334.48-3607.00)
Physician visits
Mean (+ SD)  83.88 (171.95) 98.81 (184.31) 119.41 (208.24) 143.42 (225.60) < 0.0001
Median (IQR) 0 (0-100.61) 0 (0-130.90) 21.85 (0-161.97) 61.92 (0-197.30)
ER visits
Mean (+ SD)  179.44 (449.94) 283.18 (576.64) 297.58 (590.22) 299.06 (582.63) < 0.0001
Median (IQR) 0 (0-98.24) 0 (0-383.15) 0(0-399.11) 0 (0-400.86)

ER emergency room, IQR interquartile range, OAB overactive bladder, OD outpatient department, SD standard deviation, US$ United States dol-

lars

possibility of medical coding errors within the database,
although the potential impact of this on the study findings
cannot be assessed. While the database used in this study
provides a fairly robust range of variables for analyses,
there are likely many unmeasurable variables that impact
healthcare use and costs. Finally, the findings represent
an association between anticholinergic burden and health
care use and costs but not causation.

Table 5 Health care costs (2019 US$) in patients with OAB: results
from regression analysis using gamma distribution

Utilization Cumulative Unadjusted Adjusted
éﬂ;ﬁ:ﬁli“ergic IRR (95% CT) IRR (95% CT)
Hospital No Reference Reference
admission Low 110 (1.06-1.15)  1.06 (1.01-1.11)
Moderate 1.06 (1.02-1.11) 0.99 (0.96-1.04)
High 1.03 (0.99-1.08) 0.95 (0.91-0.99)
OD visits No Reference Reference
Low 1.16 (1.12-1.30) 1.09 (1.05-1.13)
Moderate 1.24 (1.20-1.28) 1.10 (1.06-1.13)
High 1.33 (1.29-1.38) 1.11 (1.08-1.15)
Physician visits No Reference Reference
Low 1.03 (0.99-1.07) 1.01 (0.97-1.04)
Moderate 1.11 (1.08-1.14) 1.03 (0.99-1.06)
High 1.19 (1.16-1.23) 1.05 (1.02-1.08)
ER visits No Reference Reference
Low 1.11 (1.07-1.15) 1.07 (1.03-1.11)
Moderate 1.13 (1.09-1.17) 1.04 (1.01-1.08)
High 1.13 (1.09-1.16) 0.99 (0.96-1.03)

CI confidence interval, ER emergency room, /RR incidence rate ratio,
OAB overactive bladder, OD outpatient department, US$ United
States dollars

A\ Adis

Regarding the patient population, these data are repre-
sentative of Medicare Fee-For-Service enrollees and there-
fore may not be applicable to those covered by Medicare
managed care plans. Furthermore, patients who were in the
nursing home for an extended length of time prior to 2013
may have been excluded from the study as a result of the
inclusion criteria. It is unknown to what extent these patients
may have differed from those who were more recently admit-
ted. Moreover, the analysis is based on data from 2013 to
2015, and the medication use and healthcare utilization
patterns may not reflect current practice. More research is
needed using recent data to evaluate changes in long-term
care.

5 Conclusions

In this large, representative study of LSNH residents with
OAB in the US, healthcare utilization and cost patterns
reflected increasing trends with cumulative anticholinergic
burden. Specifically, all types of resource utilization were
higher among those with any level of anticholinergic burden
than those with no burden. Although there was variability
in healthcare costs across anticholinergic burden groups,
healthcare costs tended to be higher among OAB patients
with higher anticholinergic burden. Targeted efforts towards
reducing anticholinergic burden among LSNH residents
with OAB may result in decreases in healthcare resource
utilization and costs.
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