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Abstract

Background—->Prescribing of medications with anticholinergic properties in older nursing home
residents is relatively common, despite an association with increased risk for falls, delirium and
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other outcomes. Few studies have investigated what factors influence different levels of
prescribing of these agents.

Objectives—The primary objective was to identify factors associated with low- and high-level
anticholinergic burden in nursing home residents. A secondary objective was to examine in detail
the contribution of different medications to low versus high burden, to aid in determining drugs to
target in interventions.

Design—Retrospective, cross-sectional analysis.

Setting—National sample of 2009-2010 Medicare Part A and B claims, Part D prescription drug
events, and Minimum Data Set (MDS) v2.0 assessments.

Participants—The cohort included 4730 Medicare beneficiaries age =65 with continuous
Medicare Parts A, B, and D enrollment, admitted for non-skilled stays =14 days between
01/01/2010-09/30/2010.

Measurements—Anticholinergic burden was defined using the Anticholinergic Cognitive
Burden(ACB) scale. Medication scores were summed at the patient-level and categorized as high
(score =3), low (score 1-2), or none. Baseline predisposing (age, sex, race/ethnicity), enabling
(prior year hospital, emergency department, primary care, specialist visits; region; Medicaid/low-
income subsidy), and medical need factors (dementia severity, anti-dementia medication, Charlson
co-morbidity index [CCI], select comorbidities) were evaluated for association with
anticholinergic burden using multinomial logistic regression.

Results—Overall, 29.6% had high-level anticholinergic burden, and 35.2% had low-level burden.
High-level burden was most often (72%) due to one highly anticholinergic medication rather than
cumulative effect. In adjusted analyses, factors associated with increased risk of both low and high
anticholinergic burden included: comorbidity, antidementia medication, depression, hypertension,
and prior year hospitalization. Older age was associated with decreased odds of high
anticholinergic burden. Urinary incontinence and prior year specialist visit were associated with
increased odds of high anticholinergic burden. Severe and non-severe dementia were associated
with decreased odds of low-level burden, but increased odds of high-level burden.

Conclusion—Almost two-thirds of nursing home patients have some degree of anticholinergic
burden. Several medical need variables are significantly associated with increased risk for low-
level and high-level anticholinergic burden. Interventions should be developed to optimize
prescribing for residents at increased risk of receiving medications with anticholinergic properties.
Future study is needed to evaluate the difference in the risk of adverse outcomes associated with
various levels of anticholinergic burden.

1. Introduction

The use of medications with anticholinergic properties in older adults increases the risk for
falls, delirium, and other negative outcomes.1=3 This risk is likely further increased among
nursing home residents with advanced age, dementia, higher comorbidity level, and poorer
functional status compared to community-dwelling older adults.*—6 Despite published
evidence and clinical guidelines’ that highlight the negative implications of using these
medications in older adults, they continue to be prescribed in practice. Previous studies have
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shown that over 50% of nursing home residents receive at least one medication with
anticholinergic properties daily.8:° The use of these medications is often seen as a necessary
evil when prescribers have few efficacious options to use in their place. However, evidence
suggests a possible dose-response relationship between anticholinergic exposure and
negative outcomes.31911 The degree to which these agents increase the risk for adverse
events differs by medication and likely by the degree of cumulative exposure when taking
into account a patient’s entire medication regimen, referred to as anticholinergic burden.
Several validated scales exist that characterize the potential for adverse effects associated
with individual medications and can be summed to generate an overall risk score.12-14
Therefore, a more realistic goal than avoiding these agents altogether may be to limit the
overall burden of a patient’s medication regimen and/or avoid individual agents with strong
anticholinergic properties.

Although previous investigations have described patient-level, prescriber-level, and facility-
level characteristics associated with medications with anticholinergic properties,2 few
studies have investigated whether different factors predict high versus low levels of
anticholinergic burden. Having an improved understanding of differences in association
across levels of anticholinergic burden will identify patients most at risk for high burden and
associated negative outcomes that are most in need of intervention. Therefore, the objective
of this investigation is to identify factors associated with varying levels of anticholinergic
burden in a national sample of older Medicare beneficiaries in nursing homes. A secondary
objective was to examine in detail the contribution of different medications to low versus
high burden, to aid in determining drugs to target in future interventions.

2. Methods

2.1 Design and Data Sources

This retrospective, cross-sectional analysis merged Medicare enroliment, Part A and B
claims, Part D prescription drug event data, and the Minimum Data Set (MDS) v2.0 from the
years 2009-2010. The University of Pittsburgh Institutional Review Board (IRB) deemed
this study to be exempt from IRB review and approval. Data originated from a 10% random
sample of fee-for-service beneficiaries with continuous 2009 enrollment in Medicare Parts A
and B medical benefits and Part D prescription drug benefits. Medicare Parts A and B
provide payment for inpatient and outpatient services, respectively, whereas Medicare Part D
provides coverage for prescription drugs. The MDS is a comprehensive database of health
assessments conducted with nursing home residents upon admission and at least every 90
days thereafter, and considered one of the most reliable information sources in these
patients.1> The MDS served as the primary source of variables to identify a cohort of newly
admitted nursing home residents and create independent variables. The Medicare enroliment
file was used to extract additional socio-demographic variables, while Part A and B claims
were used to assess specific comorbidities not captured by MDS and inpatient and outpatient
healthcare utilization prior to the admission. Medicare Part D prescription drug event data
provided us with national drug code (NDC), drug name, date of dispensing, and estimated
days’ supply for all prescriptions covered by Part D.
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2.2 Cohort Construction

Derivation of the cohort is shown in Figure 1. We identified new nursing home admissions
for beneficiaries aged 65 and older in 2009, who had non-skilled nursing home stays
between January 1%, 2010 and September 30, 2010, and had a completed MDS admission
assessment (n=7830). The September 30, 2010 end date corresponded to the last date on
which the 2.0 version of the MDS assessments was used prior to switching to MDS version
3.0. MDS version 3.0 records were used only to identify discharge dates falling between the
first date of use (October 1, 2010) and the end of data available (December 31, 2010). We
did not incorporate assessment items from MDS v3.0 records because several items were
either changed, removed, or replaced in the updated version and thus utilizing both sources
would have affected the consistency of our analysis variables.

We excluded patients admitted for skilled nursing stays because medications administered
during these stays are covered by Part A rather than Part D and thus medication data were
not available. We used the MDS reason for assessment fields (AA8A, AA8B) and MDS
admission and discharge dates in combination with Skilled Nursing Facility (SNF) claims in
the MedPAR file to define the duration of nursing home episodes®-18 and distinguish SNF
and non-SNF stays. Specifically, we first identified all MDS forms with a primary reason for
assessment (AA8A) equal to “admission assessment required by day 14” and an MDS
admission date between 1/1/2010 and 9/30/2010 (n=41,674). We then excluded the subset of
admissions with a non-blank value for AA8B, indicating the assessment was a Medicare
Prospective Payment System (PPS) or state-required assessment (n=8,471). Medicare Part A
skilled nursing facility (SNF) claims were then used to validate the accuracy of the MDS
assessments in determining SNF versus non-SNF stays. We subsequently excluded any
remaining stays associated with an overlapping SNF claim (~3%).

Patients were required to have a length of stay of at least 14 days, by which point the Centers
for Medicare and Medicaid Services (CMS) mandates that an MDS assessment must be
completed for every resident (n=2024 excluded). Patients admitted for hospice or palliative
care services, identified on the MDS form, were excluded due to the different patterns of
medication usage (n=380 excluded). For patients with multiple admissions during the
specified time frame, we included only the first admission (n=142 excluded). We excluded
patients who were not continuously enrolled in Medicare Parts A, B, and D for the entire
year prior to their stay to ensure complete characterization of past medical history. In
addition, we required patients to be enrolled for the entire duration of their stay, either until
death or discharge, in order to capture all events and diagnoses occurring within the nursing
home. (n=659). Finally, patients with missing data for covariates were excluded (<0.5%),
resulting in a final cohort of 4,730 unique patient records.

2.3 Independent Variables

Selection of independent variables was guided by a literature search 8.919-28 and the
Andersen Behavioral Model for Health Services Utilization (ABM)29. The ABM proposes
that use of health services, including medications, is influenced by a combination of:
predisposing factors, influencing need for healthcare based on their demographics; enabling
factors, the environmental factors that facilitate or inhibit access to healthcare; and medical
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need factors or aspects of the individual’s health perceived by the individual or a medical
professional as necessary for seeking healthcare.

Predisposing variables were extracted from the MDS and included age, sex, and race/
ethnicity. Enabling factors were those that influence a patient’s access to health services and
thus prescribers. These included: any hospitalizations and emergency department (ED) visits
in the last year, outpatient primary care or specialist visits in the last year, geographic region,
and low income subsidy (LIS) or Medicaid eligibility. Outpatient visits were identified using
carrier claims for face-to-face outpatient encounters and were classified as primary versus
specialty based on provider practice specialty codes per Pham et al.30 Geographic region
was categorized using State identification codes and U.S. census region classifications
(Northeast, Midwest, West, and South). Medicaid or LIS eligibility was included to serve as
a measure of income, with individuals qualifying for Medicaid or LIS being eligible for
reduced co-payments. This was coded as a three level categorical variable: enrolled neither,
LIS only, or Medicaid.

Finally, medical need factors were those having the potential to lead to prescribing of
medications with anticholinergic properties, by way of specific indications or need to utilize
health services. We included all indications for medications with anticholinergic properties
including: depression, anxiety, schizophrenia, Parkinson’s disease, incontinence, seizure
disorder, hypertension and neuropathic pain. These were identified using indicator variables
from within MDS assessments, with the exception of depression and neuropathic pain.
Depression was identified using an International Classification of Diseases, ninth revision3!
(ICD-9)-diagnosis based algorithm used by the Medicare Chronic Conditions Warehouse
(CCW)32 or a depression rating scale33 score of greater than 3 in the MDS. Neuropathic
pain was generated from Medicare claims using a validated set of ICD-9 codes3*. Use of
antidementia medications (donepezil, rivastigmine, galantamine, or memantine) was
included due to cholinergic side effects that often lead to prescribing of medications with
anticholinergic properties.3® Dementia severity was included because previous literature has
shown that patients with severe dementia are less likely to be prescribed potentially
inappropriate medications.2! Dementia was initially identified by the presence of a diagnosis
code defined by the CCW?32, Patients were further classified as having no dementia, non-
severe dementia, or severe dementia based on a validated algorithm using a combination of
the Cognitive Performance Scale (CPS) and Activities of Daily Living Scale, extracted from
the MDS36. Overall comorbidity was measured by applying the Charlson Comorbidity Index
(CCI)36 to claims and was categorized into a four-level variable (0-1; 2-3; 4-5; 6+) based
on its distribution.

2.4 Anticholinergic Drug Burden

The dependent variable, anticholinergic drug burden, was defined using the Anticholinergic
Cognitive Burden (ACB) scale 1213 for all primary analyses. The ACB scale measures
probable anticholinergic activity on a scale from 0-3, with 0 indicating no activity and 3
indicating high potential for inducing delirium. We defined medication usage based on
medications received from days 8 to 14 after admission. To identify medications, NDCs
were extracted from Medispan® Electronic Drug File v2 (Wolters Kluwer Health, Inc.,
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Indianapolis, IN) by generic name and matched to NDCs in Part D. Medication classes were
assigned based on the therapeutic class generic product identifier (TCGPI) level 2
classifications from Medi-Span. A total of 15,714 prescriptions for medications with
anticholinergic properties were identified. Prescriptions for the cohort were reviewed to
exclude dosage forms with low likelihood of systemic bioavailability and effect (topicals,
ophthalmics, etc.).

ACB scores were derived for each individual by summing the score of each unique
medication prescribed to generate an overall person-level score. We then categorized
anticholinergic burden to three levels: no burden (score=0), low burden (sum score = 1-2),
high burden (sum score = 3+). This categorical variable served as the primary outcome for
all statistical analyses. To test the robustness of our results to alternative definitions of
anticholinergic drug burden, we also constructed an alternative dependent variable using the
Anticholinergic Drug Scale (ADS),14 for use in sensitivity analyses.

2.5 Statistical Analysis

Basic descriptive statistics including percentages, means, and standard deviations were
generated for independent variables across entire sample. We described the most prevalent
medication classes with anticholinergic properties and individual medications within each
class for the entire sample and by level of anticholinergic burden (low or high). For patients
with high level of anticholinergic burden, we created two subgroups. The first subgroup
consists of those with no medications with an ACB score of 3, meaning these individuals
only have high level anticholinergic burden due to the cumulative effect of multiple low
burden medications. The second subgroup consists of those with at least one medication
with an ACB score of 3, implying that high-level anticholinergic burden is attributable to
one medication.

Bivariate and multivariate analyses were performed to assess the unadjusted and adjusted
associations between individual predisposing, enabling, and medical need factors and
anticholinergic drug burden. Specifically, we used multinomial logistic regression to
generate odds ratios (ORs) and 95% confidence intervals (Cls) for three comparisons (low
vs. no, high vs. no, and high vs. low). Analyses were conducted to determine the
contribution of each set of predisposing, enabling, and medical need factors. The full model
with all variables was compared to nested models with either predisposing, enabling, or
medical need variables removed. Likelihood ratio tests were used to compare models and
identify statistically significant changes in fit. Multicollinearity between independent
variables was assessed using a regression model and examination of corresponding variance
inflation factors.

Sensitivity analyses were conducted using ADS score as the dependent variable to determine
whether results were dependent on the classification scale applied. In order to explore the
stability of anticholinergic burden over time, sensitivity analyses were also conducted to
measure how ACB scores changed among patients admitted for at least 37 days. We
evaluated the change in ACB scores measured on admission (days 8-14) versus after 30
days (days 31-37) (n=3,665) to determine changes in the use of medications with
anticholinergic properties over time in the same patients. We then re-evaluated multivariable
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associations, using ACB defined during days 31-37 to determine if there were any
significant differences in factors associated with anticholinergic burden when compared to
the original analysis.

3.1 Patient Characteristics

The majority of individuals in the sample were age 80 or older (70.9%), female (74%) and
white, non-Hispanic (85.96%) (Table 1). Approximately half were enrolled in Medicaid
(41.9%) or LIS only (10.9%). In general, there was a high prevalence of comorbidities, with
over 60% of individuals having a CCI greater than 3 and over 65% having dementia. Almost
two-thirds of the sample had some degree of anticholinergic burden. Specifically, 35.2% had
low-level anticholinergic burden (n=1663) and 29.6% had high-level anticholinergic burden
(n=1399), with 35.3% having none (n=1399).

3.2 Use of Medications with Anticholinergic Properties

The top ten prescribed medication classes with anticholinergic properties were diuretics
(22.45%), beta-blockers (21.90%), antipsychotics/antimanic agents (16.45%),
antidepressants (9.47%), anticoagulants (8.63%), antianginal agents (5.86%), cardiotonics
(5.31%), urinary antispasmodics (5.10%), opioid analgesics (4.86%), and ulcer drugs
(3.78%). (Table 2.)

Table 3 describes medication use by level of anticholinergic burden. Of the 1399 patients
with high anticholinergic burden, 1013 (72%) had at least one medication with an ACB
score of 3, indicating that high anticholinergic burden is most often attributable to one
medication with high anticholinergic activity, rather than a cumulative effect. There is a
great deal of overlap in the top prescribed medications between those patients with low
burden and the subgroup with high burden due to multiple medications. The top prescribed
medications for those prescribed medications with high-level anticholinergic activity was
quite different from the other two groups. Low anticholinergic burden was most often
attributable to use of multiple antihypertensives, whereas high anticholinergic burden was
attributable to several classes including antispychotics, antihypertensives, urinary
antispasmodics and antidepressants.

3.3 Factors Associated with Low and High Levels of Anticholinergic Burden

In unadjusted analyses, the following factors were significantly associated with increased
odds of low or high anticholinergic burden at the p<0.05 level in unadjusted analyses: CClI
>1, antidementia medication use, depression, hypertension, neuropathic pain, hospitalization
in the last year, ED visit in the last year, specialist visit in the last year, Northeast region,
LIS, and Medicaid eligibility (Table 4). No factors were associated solely with low levels of
anticholinergic burden. Several variables were uniquely associated with high anticholinergic
burden including anxiety, schizophrenia, and seizure disorder. In the third comparison, most
factors that were associated with high anticholinergic burden individually were also
significantly associated with high burden in the direct comparison to low burden, with the
exception of hypertension, neuropathic pain, and geographic region. The only factor found
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to be significant solely within this comparison was urinary incontinence. The relationship
between dementia severity and anticholinergic burden actually changed direction with
increasing burden. The presence of any dementia (severe or non-severe) was associated with
decreased odds of low anticholinergic burden, but increased odds of high anticholinergic
burden, when compared to low anticholinergic burden.

Results of the multivariable logistic regression are displayed in Table 5. Several factors
became non-significant in adjusted analyses including seizure disorder, neuropathic pain,
ED visits, geographic region. Having at least one specialist visit in the last year remained
significant, but was only associated with high anticholinergic burden. LIS was no longer
significant, but Medicaid eligibility was uniquely associated with increased odds of high
anticholinergic burden. Age was no longer a protective factor for low anticholinergic burden,
but remained significant for high anticholinergic burden. Dementia status remained
significantly associated with decreased odds of low anticholinergic burden, but was only
associated with increased odds of high anticholinergic burden relative to low anticholinergic
burden. All other variables remained significant as outlined in unadjusted analyses.

Likelihood ratio tests revealed that predisposing, enabling and medical need factors were all
statistically significant in contributing to model fit and removal of any group resulted in a
statistically significant decrease in model fit. Assessment of variance inflation factors
revealed no problematic correlations between any of the independent variables included in
our model that would have significantly impacted our findings.

3.4 Sensitivity Analyses

Using the ADS in place of the ACB to quantify anticholinergic burden in sensitivity analyses
revealed substantively similar results (available from author upon request). Additional
sensitivity analyses revealed that ACB is not stable over time. Among patients with a length
of stay of at least 37 days, the prevalence of any anticholinergic burden during days 8-14 of
stay was 65%, identical to the results presented above for the full cohort. Following these
same patients over time, the prevalence of any anticholinergic burden increased to 72%
during days 31-37 of stay. When examining the multivariable associations of predisposing,
enabling, and medical need factors with anticholinergic burden in this group, there were no
major changes to the pattern of associations, in that the directionality of associations
remained stable. However, the magnitude of associations between certain factors were
somewhat attenuated and as a result, some associations were no longer statistically
significant. Detailed results may be found in the Electronic Supplementary Materials Tables
S1-S3.

4. Discussion

This national analysis identifies several important associations in use of medications with
anticholinergic properties among Medicare beneficiaries admitted to nursing homes for
nonskilled stays. We found that exposure to these medications is common among nursing
home residents, with nearly two thirds of nursing home residents having either low-level or
high-level anticholinergic burden. Several medical need variables were consistently
associated with increased risk for high or low-level anticholinergic burden, while few
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enabling or predisposing factors were associated. The relationship between dementia and
anticholinergic burden was dependent on the level of anticholinergic burden, with dementia
being associated with decreased risk for low-level burden, but increased risk for high-level
burden. We also identified that high—level anticholinergic burden most often was due to
exposure to one medication with high-level anticholinergic activity, rather than a cumulative
effect of multiple medications. Sensitivity analyses revealed that anticholinergic burden is
not stable and that it actually increases in the time from admission to 1 month post-
admission. While this did not significantly impact the association between anticholinergic
burden and patient factors, exploring changes in anticholinergic burden over time and its
association with patient characteristics is a worthwhile direction for future study.

A number of medical need factors were consistently associated with increased likelihood of
high or low levels of anticholinergic burden, including overall comorbidity, use of
antidementia medications, depression, and hypertension. The association between use of
antidementia medications and anticholinergic burden is concerning, given that this is a major
drug interaction that essentially counteracts the cholinergic effects of acetylcholinesterase
inhibitors (AchEls), increasing risk for cognitive decline. This comes as no surprise, as this
phenomenon, where urinary antispasmodics are used to treat the adverse effects of urinary
incontinence caused by AchEls, has previously been reported in the literature and is referred
to as a “prescribing cascade”.3> Dementia status was the only factor to exhibit a significant
protective effect, but only for low-level anticholinergic burden. This is reassuring because it
suggests that prescribers are aware of the negative cognitive effects associated with use of
these medications. However, the finding that dementia is a risk factor for having high
anticholinergic burden is concerning, but can likely be explained by the fact that medications
used to treat behavioral symptoms associated with dementia have high anticholinergic
activity.

Few predisposing or enabling factors were significant. Older age exhibited a protective
effect for high levels of anticholinergic burden, particularly among those over the age of 80
years. This implies that prescribers acknowledge the increased risk for adverse events
associated with anticholinergic activity in advanced age. Prior hospitalization was associated
with increased risk of low or high-level anticholinergic burden, while specialist visits and
Medicaid eligibility were uniquely associated with increased risk for high-level
anticholinergic burden. While this finding is interesting, it most likely speaks to the fact that
these factors represent an enhanced ability to access services which puts patients with dual
eligibility or more frequent access to the healthcare system at risk for prescribing of new
drugs generally, and not specifically anticholinergic burden.

To our knowledge, only two analyses have investigated factors associated with prescribing of
medications with anticholinergic properties in nursing home patients, both conducted in
patients with dementia specifically. A retrospective analysis of Medicare data from 2007-
2008 by Palmer et al.8 found that 77% of nursing home residents with dementia were
prescribed at least one medication with any anticholinergic activity, with 33% prescribed
medications with high-level anticholinergic activity. Women, African Americans, those over
the age of 75 years old, and those with severe cognitive impairment were less likely to use
these medications. Only high levels of aggression were associated with increased use of
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medications with anticholinergic properties. An analysis of National Nursing Home Survey
Data from 2004 by Chatterjee et al.® found that 73.6% of nursing home residents with
dementia used at least one medication with anticholinergic properties, with 21.27% using
highly anticholinergic medications. Older age, functional dependence, and behavioral
symptoms were associated with decreased likelihood of receiving medications with high-
level anticholinergic activity. In contrast, Medicaid eligibility, higher number of medications,
depression, anxiety, and Parkinson’s disease were associated with increased likelihood of
receiving medications with high-level anticholinergic activity. Our findings align relatively
well with both analyses®? in terms of the frequency of prescribing of medications with
anticholinergic properties, confirming the importance of anticholinergic burden as a
medication safety issue. In terms of the factors associated with use of these medications, the
findings of our analysis are more closely aligned with those identified in the analysis by
Chatterjee et al.? in which older age was associated with decreased use of medications with
anticholinergic properties, while Medicaid eligibility and certain comorbid medical
conditions were associated with increased use. In Palmer et al®, fewer factors were examined
and thus there were fewer associations with prescribing of medications with anticholinergic
properties. In addition, severe cognitive impairment was associated only with decreased
likelihood of use. This variation may be explained by the fact that our sample included non-
dementia patients, who served as the reference category for cognitive impairment. Thus the
protective effect of severe cognitive impairment only holds true when comparing directly
between non-severe and severe dementia. The most commonly prescribed medications with
high-level anticholinergic activity in our analysis were a combination of antipsychotics,
antihypertensives, urinary antispasmodics, and antidepressants. This is relatively consistent
with previous analyses, with the exception of antipsychotics, which were not frequently
prescribed in Chatterjee et al.® A unique feature of our analysis is that we identified
differences in medications that contribute to differing levels of anticholinergic burden, and
identified that high anticholinergic burden is most often attributable to the effects of the use
of one or more medications with high- anticholinergic activity, as opposed to the
compounded effect of multiple medications with low anticholinergic activity. While we were
not able to determine whether this equates to a substantial difference in the risk for adverse
events, it does have some implications for clinical practice and policy development.

The findings of this analysis provide a means for identifying patients at the highest risk for
having anticholinergic burden upon admission to the nursing home, as well as the
mechanisms by which high-level anticholinergic burden is attained. Using this information,
prescribers and pharmacists can identify and prioritize patients for specific interventions
based on their risk. Among patients with high-level anticholinergic burden due to multiple
medications, providers can conduct detailed medication therapy management reviews to
monitor for polypharmacy and eliminate potentially unnecessary medications contributing to
anticholinergic burden. For those patients with high-level anticholinergic burden primarily
due to one medication (which our results suggest is the majority of high-burden patients),
medications can be re-evaluated to determine appropriateness and identify potential
alternatives. Modification may be fairly straightforward for medications such as tricyclic
antidepressants, which may be substituted with selective serotonin reuptake inhibitors
(SSRIs) or serotonin-norepinephrine reuptake inhibitors (SNRIs) to manage depression.38
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Whereas, the use of antipsychotics such as quetiapine or olanzapine may require careful
consideration of other factors before considering an alternative such as risperidone for
managing behavioral complications of dementia.38 The same logic can also be applied to
guide the initiation of new therapies, particularly among patients with existing
anticholinergic burden, in an effort to reduce additional risk for adverse events. For example,
a prescriber wishing to treat symptoms of nausea and vomiting may choose to initiate
ondansetron, which has no anticholinergic activity, instead of an agent with high-level
anticholinergic properties, such as promethazine. When selecting therapies for pain
management, prescribers may choose to avoid anticholinergic skeletal muscle relaxants like
methocarbamol and cyclobenzaprine. This kind of conscientious prescribing has the
potential to limit additional anticholinergic exposure to the minimum extent when use of
certain medications may not be medically necessary.

Our analysis has several important strengths compared to prior analyses, the most significant
being that we were able to make the distinction between high-level anticholinergic burden
due to one medication with high-level anticholinergic activity versus a cumulative effect of
multiple medications. Also, this is a national analysis that used a nationally representative
cohort, which makes our sample representative of all nonskilled nursing home patients. This
analysis also included both dementia and non-dementia patients and thus we were able to
compare differences in prescribing across these two groups. As a result, we were able to
identify that dementia patients are at increased risk for receiving medication with high-level
anticholinergic activity, compared to those without dementia. Our study also identifies
enabling factors associated with baseline medication use on admission, external to the
nursing home environment, such as hospitalizations and visits to specialists that have not
been addressed in prior investigations. Taken together, these strengths provide an enhanced
understanding of the factors that explain patterns of prescribing of potentially inappropriate
medications with anticholinergic properties in this population.

There are some limitations of this analysis that should be taken into account in the
interpretation of these findings. This study employed a cross-sectional design, which limits
our abilities to establish causality and to evaluate temporal relationships between exposure
factors and the outcome, prescribing of medications with anticholinergic properties. This
also means that medications prescribed for short-term use were not captured since a short
window was used to evaluate medication use. The data used in this analysis were from the
years 2009-2010 and are not the most recent years of data available for use in research.
Therefore, it is possible that patterns in prescribing of medications with anticholinergic
properties may have changed in the years since these data were generated. Our sample was
not very diverse with regards to race/ethnicity and while generalizability is a concern for all
analyses, our cohort was derived from a national sample of Medicare beneficiaries.
Therefore, we assume that this sample is fairly representative of the older adult nursing
home population. We also were not able to capture any medications not covered by
Medicare Part D. As a result, we may have not captured use of over the counter medications
with anticholinergic properties or benzodiazepines which are also not covered by Medicare.
There are also limitations to using an objective scale to classify inappropriate medication
use, since this does not take into account inter-individual variability in terms of
anticholinergic side effects. We did not assess duration of use or doses of individual
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medications, which may differentially affect the risk for adverse events on the patient level.
Also, this objectivity classifies all medications with anticholinergic properties as
“inappropriate” when in fact that may not be the case. Several disease states are
appropriately managed with medications with anticholinergic properties. Therefore, there is
also potential for collinearity between the medical need variables for specific comorbidities
as well as overall comorbidity, although tests for multicollinearity indicated that there were
no problematic correlations that would have affected our findings. Finally, the
interpretability of the associations between specific diagnoses and anticholinergic burden is
limited by the fact that most of the medications used to treat these conditions have at least
some degree of anticholinergic activity. Thus there is limited clinical utility for the
associations between diagnoses and anticholinergic burden. Even so, it was important to
include these variables in our models to control for appropriate medication use in order to
accurately measure the associations with other non-diagnosis related patient factors.

Our analysis points out several areas which require additional study, primarily focused on
the relationship between anticholinergic burden and adverse events. The primary focus of
this paper was to measure the prescribing of medications with anticholinergic properties on
admission to nursing homes. Thus, this analysis only captures a short window of time in the
patient’s stay. Despite the fact that the ACB was designed to assess the risk for delirium
associated with these medications, we did not assess this risk as part of our analyses. One of
the main reasons for this was that the MDS 2.0 does not contain a validated instrument for
diagnosing delirium, but rather items that are related to delirium symptoms. The MDS 3.0,
however, does contain a validated diagnostic instrument, the confusion assessment method
(CAM) and thus newer years of data containing MDS 3.0 assessment records would be
better suited for studying delirium in this population. A number of studies have established
that there is a relationship between anticholinergic burden and outcomes such as cognitive
decline3240, delirium341, falls}42, and mortality#3-45, However, there is a substantial
amount of heterogeneity in terms of the ways in which exposure to medications with
anticholinergic properties is defined, and few studies actually address whether there is a
difference in the risk for adverse events specifically between individuals with high-level
versus low-level anticholinergic burden?0:41.45  nterestingly, no studies have investigated
whether there is a difference in the risk for adverse events for high-level anticholinergic
burden due to a cumulative effect versus the effect of one medication with high-level
anticholinergic activity. Therefore, future studies should assess differences in risk for
adverse events across levels of anticholinergic burden to guide targeted prescribing strategies
with the goal of reducing anticholinergic burden in a clinically meaningful way in this
population.

5. Conclusion

This retrospective analysis revealed that almost two-thirds of nursing home patients are
subject to some degree of anticholinergic burden. Logistic regression analyses revealed that
several medical need variables are significantly associated with increased risk for having
low-level and high-level anticholinergic burden. Interventions should be developed to
optimize prescribing of medications for residents who are at increased risk of having

Drugs Aging. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Niznik et al. Page 13

anticholinergic burden. Future study is needed to evaluate differences in the risk of adverse
outcomes associated with various levels of anticholinergic burden.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

. Approximately two thirds of older adult nursing home patients receive at least
one medication with anticholinergic properties daily.

. High anticholinergic burden is more often attributable to use of one
medication with high-level anticholinergic activity, rather than a cumulative
effect of multiple medications.

. Certain subgroups of patients are at increased risk for receiving these
medications based on their clinical characteristics, comorbid conditions, or
access to healthcare.
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n=7830 episodes
Residents aged 65 or older
Non-SNF admissions
Admission date from 01/01/2010-09/30/2010
Full MDS admission form

Exclude: n=2288 (29.2%)
r n=2024 episodes with length of stay <14 days
n=380 hospice/palliative care admissions (116 overlap)
\ 4
n=5542 episodes (70.8%)
S Exclude: n=142 multiple stays for the same individual
Ll . .
(retain first stay only)
\ 4
n=5400 patients (69.0%)
Exclude: n=670
2 Not continuously enrolled in Medicare Parts A, B, and D during
nursing home stay (n=659) and year prior to admission or
missing data (n=11)
A\ 4

n=4730 patients (60.4%)

Figure 1. Cohort Construction
(Abbreviations: SNF = Skilled Nursing Facility; MDS = Minimum Data Set)
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Table 1

Overall Sample Characteristics

Variable

n(%) N=4730

Predisposing Factors

Age (y)
65-70 303 (6.4)
70—<80 1073 (22.7)
80-<90 2124 (44.9)
90+ 1230 (26.0)
Sex
Male 1230 (26.0)
Female 3500 (74.0)
Race/Ethnicity
White(non-Hispanic) 4066 (85.9)
Black(non-Hispanic) 339 (7.2)
Hispanic 208 (4.40)
Other 117 (2.5)
Medical Need Factors
Charlson Comorbidity Index
Oorl 682 (14.4)
20r3 1101 (23.3)
4or5 1174 (24.8)
6+ 1773 (37.5)
Dementia Severity (as defined previously by: CCW diagnosis, CPS and functional status)
Non-Dementia 1626 (34.4)
Dementia non-severe 2744 (58.0)
Dementia severe 360 (7.6)
Use of Antidementia Medication
AchEl only 547 (11.6)
Memantine only 165 (3.5)
AchEI + Memantine 323 (6.8)
None 3695 (78.1)
Sensory Limitation
Yes 353 (7.5)
No 4377 (92.5)
Depression
Yes 1943 (41.1)
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Variable | n(%) N=4730

No | 2787 (58.9)
Anxiety

Yes 1091 (23.1)

No 3693 (76.9)
Schizophrenia

Yes 114 (2.4)

No 4616 (97.6)
Parkinson’s Disease

Yes 301 (6.4)

No 4429 (93.6)
Incontinence

Yes 2067 (43.7)

No 2663 (56.3)
Seizure disorder

Yes 234 (4.9)

No 4496 (95.1)
Hypertension

Yes 3491 (73.8)

No 1239 (26.2)
Neuropathic Pain

Yes 2693 (56.9)

No 2037 (43.1)
Enabling Factors

Hospitalization in the last year

Yes 2399 (50.7)

No 2331 (49.3)
ED visit in the last year

Yes 3343 (70.7)

No 1387 (29.3)
Primary Care visit in the last year

Yes 3302 (69.8)

No 1428 (30.2)
Specialist visit in the last year

Yes 3348 (70.8)

No 1382 (29.2)
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Variable

n(%) N=4730

Geographic region

Northeast 813 (17.2)
Midwest 1712 (36.2)
South 1536 (32.5)
West 669 (14.1)
Low Income Subsidy/Medicaid Eligibility
Neither 2235 (47.3)
Low income subsidy only 515 (10.9)
Medicaid 1980 (41.8)

CCW = Chronic Conditions Warehouse; CPS = Cognitive Performance Scale; AchEIl = Acetylcholinesterase Inhibitor; ED = Emergency

Department
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Overall Medication Frequencies

Table 2

Drug Class ACB” score | %0 of all patients
Diuretics 22.5
Furosemide 1 20.8
Triamterene/Hydrochlorothiazide 1 1.6
Beta Blockers 219
Metoprolol Tartrate 1 11.3
Metoprolol Succinate 1 6.0
Atenolol 1 4.8
Antipsychotics/Antimanic Agents 16.4
Quetiapine 3 7.3
Risperidone 1 49
Olanzapine 3 2.2
Antidepressants 9.5
Trazodone 1 3.9
Paroxetine 3 2.8
Venlafaxine 1 1.9
Anticoagulants 8.6
Warfarin 1 8.6
Antianginal Agents 5.9
Isosorbide Mononitrate 1 4.7
Isosorbide Dinitrate 1 1.2
Cardiotonics 5.3
Digoxin 1 5.3
Urinary Antispasmodics 5.1
Oxybutinin Chloride 3 3.3
Solifenacin Succinate 3 0.8
Darifenacin Hydrobromide 3 0.8
Opioid Analgesics 4.9
Fentanyl 1 3.3
Morphine Sulfate 1 15
Acetaminophen with Codeine 1 0.6
Ulcer Drugs 3.8
Ranitidine 1 3.3
Dicyclomine 3 0.4

ACB = Anticholinergic Cognitive Burden
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Univariable Associations

Table 4

Page 23

N=4730

ACB Sum 1-2 vs. 0

ACB Sum 3+ vs. 0 |

ACB Sum 3+ vs. 1-2

Variable

OR (95% CI) Unadjusted |

OR (95% CI) Unadjusted |

OR (95% CI) Unadjusted

Predisposing Factors

Age (y) overall overall ¥
65-70 ref ref ref
70-<80 0.72 (0.52, 1.00) * 0.75 (0.55, 1.03) 1.04 (0.77, 1.41)
80-<90 0.82 (0.60, 1.11) 0.55 (0.40, 0.74)% 0.67 (0.50, 0.89) 7
90+ 0.75 (0.54, 1.02) 0.40 (0.29, 0.55)% 0.54 (0.40, 0.73)%
Sex
Male ref ref ref
Female 0.94 (0.80, 1.09) 1.08 (0.91, 1.27) 1.15 (0.98, 1.35)

Race/Ethnicity
White(non-Hispanic)
Black(non-Hispanic)
Hispanic

Other

ref

1.21(0.92, 1.57)
1.04 (0.75, 1.45)
0.95 (0.62, 1.46)

ref

1.14 (0.86, 1.51)
0.94 (0.66, 1.33)
0.87 (0.55, 1.38)

ref

0.95 (0.72, 1.24)
0.90 (0.63, 1.27)
0.92 (0.57, 1.47)

Medical Need Factors

Charlson Comorbidity Index
Oorl

2o0r3
4or5

6+

overall ¥

ref
1.25 (1.00, 1.55) *
1.44 (1.16, 1.80)7

2.00 (1.63, 2.46)%

overall ¥

ref
1.60 (1.25, 2.05)%
2.15 (1.68, 2.75)%

2.84 (2.25,3.59)%

overall

ref
1.28 (0.99, 1.67)
1.49 (1.15,1.92) 7

1.42 (112, 1.81)7

Dementia Severity (as defined previously by:
CCW diagnosis, CPS and functional status)

Non-Dementia
Dementia non-severe

Dementia severe

overall 7

ref
0.85(0.73,0.98) "
0.64 (0.49, 0.84)7

overall 7

ref
1.31 (112, 1.53)%

1.04 (0.79, 1.37)

overall #

ref
154 (1.32, 1.80)7

1.62 (1.21, 2.18)%

Use of Antidementia Medication
AchEl only
Memantine only

AchEI + Memantine

None

overall #

125 (0.99, 1.57)

*

151 (1.02, 2.24)

1.85 (1.36, 2.51)7

ref

overall #

1.97 (1.58, 2.46)%
1.90 (.28, 2.84) "
2.88 (2.13, 3.89)7

ref

overall ¥
1.58 (1.27, 1.96)%
1.26 (0.87, 1.81)

1.56 (1.20, 2.02)7

ref
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N=4730 | ACB Sum 1-2vs. 0 | ACB Sum 3+ vs. 0 ACB Sum 3+ vs. 1-2
Variable | R (95% c1) Unadjusted | OR (95% C1) Unadiusted | OR (95% C1) Unadjusted
Yes 0.93 (0.72, 1.20) 0.93(0.71, 1.22) 1.00 (0.76. 1.32)
No ref ref ref
Depression
Yes 1.38 (1.20, 1.59) % 2.03 (1.76, 2.35)% 1.47 (1.28, 1.70)%
No ref ref ref
Anxiety
Yes 1.04 (0.88, 1.23) 1.70 (L.44, 2.00)* 1.63 (1.39, 1.93)%
No ref ref ref

Schizophrenia

Yes
No

1.10 (0.60, 2.03)

ref

447 (271,7.38)%

ref

4.05 (2.50, 6.56))%

ref

Parkinson’s Disease
Yes
No

0.86 (0.64, 1.14)

ref

1.08 (0.81, 1.43)

ref

1.26 (0.94, 1.68)

ref

Incontinence
Yes
No

0.95 (0.83, 1.09)

ref

1.09 (0.95, 1.26)

ref

1.15 (0.9, 1.33)

ref

Seizure disorder

Yes
No

1.05 (0.75, 1.46)

ref

153 (1.11, 2.11) 7

ref

*

1.46 (1.06, 2.00)

ref

Hypertension

Yes
No

1.78 (152, 2.07)%

ref

1.86 (158, 2.19)7

ref

1.05 (0.88, 1.24)

ref

Neuropathic Pain

Yes
No

1.29 (1.13, 1.48)%

ref

1.37 (1.19, 1.59)7

ref

1.06 (0.92. 1.23)

Enabling Factors

Hospitalization in the last year

Yes
No

1.56 (1.36, 1.79)7

ref

1.89 (1.64, 2.19)7

ref

1.21 (1.05, 1.40)7

ref

ED visit in the last year

Yes
No

1.40 (1.21, 1.62)7

ref

1.76 (1.50, 2.06) %

ref

1.26 (1.07, 1.48) 7

ref
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N=4730

ACB Sum 1-2 vs. 0

ACB Sum 3+ vs. 0

ACB Sum 3+ vs. 1-2

Variable

OR (95% CI) Unadjusted |

OR (95% CI) Unadjusted |

OR (95% CI) Unadjusted

Primary Care visit in the last year
Yes
No

1.02 (0.88, 1.18)

ref

1.10 (0.94, 1.28)

ref

1.08 (0.92 (1.26)

ref

Specialist visit in the last year

Northeast
Midwest
South
West

1.35(1.11, 1.65)7
ref

1.06 (0.90, 1.25)
112 (0.91, 1.38)

1.26 (1.02, 1.55)
ref

1.16 (0.98, 1.38)
0.92 (0.74, 1.16)

Yes 1.19 (1.03, 1.38) 143 (1.22, 1.67)7F 1.20 (1.02, (1.41) *
No ref ref ref
Geographic region overall * overall *

0.93 (0.76, 1.14)
ref

1.10 (0.92, 1.31)
0.82 (0.66, 1.04)

Low Income Subsidy/Medicaid Eligibility
Neither

Low income subsidy only

Medicaid

*
overall

ref
1.26 (1.00, 1.59)

1.21 (1.05, 1.40) *

overall #

ref
1.47 (115, 1.87)7

1.61(1.38, 1.87)7%

overall #

ref
1.16 (0.92, 1.47)

1.33 (1.14, 1.55)%

*
p<0.05;

fp<0.01;

¢<0.001

ACB = Anticholinergic Cognitive Burden; OR = Odds Ratio; CCW = Chronic Conditions Warehouse; CPS = Cognitive Performance Scale; AchEIl
= Acetylcholinesterase Inhibitor; ED = Emergency Department
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N=4730

ACB Sum 1-2 vs. 0

ACB Sum 3+ vs. 0 |

ACB Sum 3+ vs. 1-2

Variable

OR (95% CI) Adjusted |

OR (95% Cl) Adjusted |

OR (95% CI) Adjusted

Predisposing Factors

Age (y) overall ¥
65-70 ref ref ref
70-<80 0.82 (0.58, 1.15) 0.87 (0.62, 1.22) 1.07 (0.78, 1.47)
80-<90 1.03 (0.74, 1.43) 0.75 (0.54, 1.05) 0.73 (0.53, 0.99) *
90+ 1.04(0.74, 1.47) 0.67 (0.47, 0.96) * 0.64 (0.46, 0.90)7
Sex
Male ref ref ref
Female 0.92 (0.78, 1.08) 1.11(0.92, 1.32) *

1.20 (1.01, 1.43)

Race/Ethnicity
White(non-Hispanic)
Black(non-Hispanic)
Hispanic

Other

ref

1.04 (0.78, 1.39)
0.92 (0.65, 1.30)
0.85 (0.54, 1.34)

ref

0.89 (0.66, 1.22)
0.69 (0.47,1.02)
0.80(0.49, 1.31)

ref

0.86 (0.64, 1.15)
0.76 (0.52, 1.10)
0.93 (0.57,1.52)

Medical Need Factors

Charlson Comorbidity Index

Oorl
2o0r3

4or5

6+

overall ¥
ref

1.15 (0.91, 1.44)

1.22 (0.96, 1.55)

159 (1.24, 2.03)%

overall ¥

ref
1.43 (1.0, 1.86)
1.67 (1.27, 2.18)%

1.93 (1.46, 2.54)%

ref
1.25(0.95, 1.64)

*

1.36 (1.04, 1.80)
1.21 (0.92, 1.60)

Dementia Severity (as defined previously by: CCW
diagnosis, CPS and functional status)

Non-Dementia

Dementia non-severe

Dementia severe

overall 1
ref
0.71 (0.60, 0.83)%

055 (0.41, 0.74)%

ref
0.97 (0.81, 1.16)

0.88 (0.65, 1.21)

overall #
ref
1.37 (1.15, 1.63)7

1.62 (1.17, 2.22)%

Use of Antidementia Medication
AchEl only
Memantine only
AchEI + Memantine

None

overall £
1.48 (1.16, 1.89)7
1.95 (1.30, 2.94)%

2.40 (1.73, 3.31)7

ref

overall ¥
2.24 (1.76, 2.85)%
2.09 (1.37, 3.19)%

3.26 (2.36 (4.49)7

ref

overall #

1.51 (1.20, 1.90)%
1.07 (0.73, 1.57)

*

1.36 (1.03, 1.80)

ref
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N=4730 | ACB Sum 1-2vs. 0 | ACB Sum 3+ vs. 0 | ACB Sum 3+ vs. 1-2
Variable | o (95% c1) Adjusted | OR (95% C1) Adjusted | OR (95% C1) Adjusted
Yes 1.01(0.77,1.33) 1.04 (0.77, 1.39) 1.02 (1.20, 1.90)'7"
No ref ref ref
Depression
Yes 1.29 (1.10, 1.50)% 1.50 (1.28, 1.76) ¥ 117 (1.00, 1.37)
No ref ref ref
Anxiety
Yes 1.00 (0.84, 1.19) 151 (1.27, .181)% 1.52 (1.27, 1.80)%
No ref ref ref

Schizophrenia
Yes

No

1.18 (0.63, 2.20)

ref

4.10 (2.41, 7.00)%

ref

3.50 (2.11, 5.79)%

ref

Parkinson’s Disease
Yes
No

0.92 (0.69, 1.24)

ref

1.11 (0.82, 1.50)

ref

1.20 (0.89, 1.62)

ref

Incontinence

Yes

No

0.97 (0.84, 1.12)

ref

1.14 (0.98. 1.33)

ref

*

1.17 (1.0, 1.36)

ref

Seizure disorder
Yes
No

0.95 (0.67, 1.35)

ref

1.14 (0.81, 1.61)

ref

1.19 (0.86, 1.67)

ref

Hypertension

Yes

No

1.72 (1.47, 2.01)%

ref

1.80 (1.52, 2.14)%

ref

1.05 (0.88, 1.25)

ref

Neuropathic Pain
Yes
No

1.12 (0.96, 1.30)

ref

1.09 (0.93, 1.28)

ref

0.97 (0.83, 1.14)

ref

Enabling Factors

Hospitalization in the last year

Yes

No

1.25 (1.05, 1.50)

ref

1.32 (1.09, 1.59)

ref

1.05 (0.87, 1.26)

ref

ED visit in the last year
Yes
No

1.00 (0.83, 1.20)

ref

1.06 (0.87, 1.29)

ref

1.06 (0.87, 1.26)

ref
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N=4730 ACB Sum 1-2vs. 0

ACB Sum 3+ vs. 0 | ACB Sum 3+ vs. 1-2

Variable

OR (95% CI) Adjusted | OR (95% CI) Adjusted | OR (95% Cl) Adjusted

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Primary Care visit in the last year
Yes
No

0.95 (0.82, 1.11)

ref

1.03 (0.87, 1.22)

ref

1.08 (0.92, 1.27)

ref

Specialist visit in the last year

Yes

No

0.99 (0.84, 1.16)

ref

1.19 (1.00. 1.42)

ref

1.20 (1.01, 1.44)

ref

Geographic region
Northeast
Midwest
South
West

1.31 (1.06, 1.61) 7
ref

1.03 (0.86, 1.22)
1.15 (0.92, 1.43)

1.14 (0.91, 1.42)
ref

1.00 (0.73, 1.19)
0.93 (0.73, 1.19)

0.87 (0.70, 1.08)
ref

0.98 (0.81, 1.18)
0.81 (0.64, 1.03)

Low Income Subsidy/Medicaid Eligibility

Neither
Low income subsidy only
Medicaid

ref
1.18(0.93, 1.49)
1.14 (0.97, 1.34)

overall 7
ref

1.24 (0.96, 1.60)

1.40 (1.17, 1.66)7

ref

1.05 (0.83, 1.35)

1.22 (1.03, 1.45)

*
p<0.05;

fp<0.01;

¢<0.001

ACB = Anticholinergic Cognitive Burden; OR = Odds Ratio; CCW = Chronic Conditions Warehouse; CPS = Cognitive Performance Scale; AchEIl
= Acetylcholinesterase Inhibitor; ED = Emergency Department
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