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Abstract

Background With the older adult population in the USA increasing, so is the population of those with Alzheimer’s disease
and related dementias (ADRD). Older adults are vulnerable to the effects of potentially inappropriate medications as estab-
lished by the Beers Criteria; however, some medications continue to be prescribed against recommendations.

Objectives Our objectives were to describe potentially inappropriate medication (PIM) use linked to cognitive impairment
or decline (referred to as Cog-PIM) in older adults with and without ADRD and to investigate whether the odds of Cog-PIM
report differ by ADRD status in ambulatory care (i.e., outpatient care) in the USA.

Methods A cross-sectional analysis was performed using a nationally representative sample of non-perioperative, office-
based ambulatory care visits by adults aged > 65 years in 2016 (n = 218,182,131). Data were collected from the National
Ambulatory Medical Care Survey. Cog-PIMs were identified as defined in the 2015 Beers Criteria recommendations for
medications that may be potentially inappropriate in older adults with cognitive impairment or dementia. ADRD status was
determined by clinician report using free text, the ADRD flag, or the presence of a diagnosis code indicating dementia.
Multivariable logistic regressions were used to estimate the odds of Cog-PIM use overall and by medication class.

Results In 2016, 2.1% (n = 4,651,563) of outpatient visits were made by older adults with ADRD, 33.2% of which reported
at least one Cog-PIM. Anticholinergic Cog-PIMs were noted in 20.5% of ADRD visits compared with 8.1% of non-ADRD
visits. Antipsychotic PIMs were noted in 15.5% of ADRD visits compared with 0.8% of non-ADRD visits. Benzodiazepine
and non-benzodiazepine receptor agonist hypnotic (Z drug) Cog-PIMs were reported in 10.9% of ADRD visits and 10.7% of
non-ADRD visits. ADRD status was a significant predictor of Cog-PIM report overall (adjusted odds ratio [aOR] 2.74 [95%
confidence interval {CI} 1.20-6.27]) and for anticholinergics and antipsychotics specifically (aOR 3.35 [95% CI 1.24-9.03]
and aOR 22.80 [95% CI 5.80-89.50], respectively).

Conclusion This study demonstrated a high prevalence of Cog-PIM use and increased odds of Cog-PIM use in older adults
with ADRD. Future work should investigate opportunities in the ambulatory care setting for safer prescribing and de-

escalation of Cog-PIMs.

In a national sample of US ambulatory visits, approxi-
mately one-third of the patients with Alzheimer’s disease
and related dementia were using medications that could
potentially have a negative impact on their cognition.

Identifying these medications during an ambulatory visit
provides a good opportunity to consider deprescribing
and treatment optimization to balance risks and benefits
for individual patients.
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1 Introduction

The older adult population in the USA is growing dispropor-
tionately because of decreasing fertility rates and increasing
life expectancy [1]. Within this population, the number liv-
ing with Alzheimer’s disease and related dementias (ADRD)
is also increasing and is currently more than 5.8 million and
expected to approach 14 million by 2050 [2]. The challenges
associated with caring for this population continue to evolve
as the number of patients being seen by primary care physi-
cians grows [2], as does the frequency of medication-related
visits [3].

Older adults with ADRD are particularly vulnerable
to potentially inappropriate prescribing and the adverse
effects of potentially inappropriate medication (PIM) use.
PIMs are medications, both prescribed and non-prescribed,
for which risks might outweigh benefits, so continued use
needs to be evaluated. The vulnerability of this population
is in part because of physiologic changes associated with
aging that reduce renal and hepatic clearance of medications
[4]. Additionally, given the burden of multimorbidity in the
older adult population [5], indicated pharmacological treat-
ment can increase the risk for polypharmacy (concurrent
use of five or more medications) [6]. This is complicated
further in the ADRD population by complex care needs,
communication challenges and changing goals of care [4,
7, 8]. Patients with ADRD may have a variety of symptoms
such as agitation, aggression, or sleep disturbances for which
pharmacotherapy may seem an attractive treatment option,
but the risks associated with many of these medications may
outweigh their clinical benefit, leading organizations such
as the American Geriatrics Society to recommend against
their use [9-11].

Thus, identifying and avoiding PIMs when possible is
essential in disease and symptom management in older
adults. The Beers Criteria is a widely accepted and com-
monly used tool to identify PIMs for older adults, includ-
ing those with ADRD [11, 12]. It specifies the follow-
ing four medication classes known to exacerbate existing
cognitive impairment or dementia (Cog-PIMs): anticho-
linergics, antipsychotics, benzodiazepines, and non-ben-
zodiazepine receptor agonist hypnotics (Z drugs). These
medications are associated with significant adverse events
in the ADRD population, including negative cognitive
effects, falls, fractures, cardiovascular events, hospitaliza-
tion, and increased mortality [13—15]. Despite recommen-
dations against their use [11], these medications are com-
monly prescribed [16—18]. Previous studies of this nature
have been limited to one medication class [19], were not
specific to older adults with ADRD [20], used other PIM
identification tools [21], or were conducted in interna-
tional populations [22]. Therefore, this study investigated
Cog-PIM use among patients with and without ADRD in
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a cross-sectional, nationally representative sample of US
ambulatory care visits in 2016. Ambulatory care refers to
medical services performed on an outpatient basis, with-
out admission to a hospital or other facility and includes
wellness, diagnosis, treatment, and rehabilitation visits.

2 Methods
2.1 Data and Study Population

We used data from the National Ambulatory Medical Care
Survey (NAMCS) to conduct a cross-sectional study inves-
tigating whether older adults with ADRD reported differ-
ent Cog-PIM use at outpatient visits compared with those
without ADRD. NAMCS data are collected annually and
are nationally representative of US physician visits in the
ambulatory care setting after population-based weights
are applied. The survey instrument collects data on patient
demographics, provider characteristics, and visit details,
including chronic conditions reported, tests and procedures
provided, and medication use.

For the purposes of this study, we included visits made
by patients aged > 65 years from 1 January 2016 through 31
December 2016, excluding perioperative visits because the
nature of these visits may not represent chronic medication
use. At the time this study was conducted, 2016 was the
latest available data from NAMCS. The data are publicly
available, de-identified, and do not directly involve human
subjects, so this study was exempt from the institutional
review board process at the University of Kentucky (IRB
number 53287). Full details regarding the datasets, methods
of collection and data maintenance, and survey samples can
be found on the NAMCS website [23].

2.2 Measures and Covariates

The NAMCS data collection form allows for up to 30 medi-
cations to be recorded from the patient’s health record. All
the medications in the research analytical files are coded
using the Lexicon Plus®, a proprietary database of Cerner
Multum, Inc. [23]. This study defined Cog-PIMs as in the
2015 update to the Beers Criteria based on information
included in Tables 2 (2015 American Geriatrics Society
Beers Criteria for Potentially Inappropriate Medication Use
in Older Adults) and 3 (2015 American Geriatrics Society
Beers Criteria for Potentially Inappropriate Medication Use
in Older Adults Because of Drug—Disease or Drug—Syn-
drome Interactions That May Exacerbate the Disease or Syn-
drome), including anticholinergics, antipsychotics, benzodi-
azepines, and Z drugs [11]. Medications reported as new and
continued were included and classified using the Lexicon
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Plus® nomenclature. Visits for patients with ADRD were
identified from the data collection form using the free-text
diagnosis fields provided by physicians, the binary indica-
tor for Alzheimer’s disease/dementia, and the presence of
an International Classification of Diseases, Tenth Edition
(ICD-10) code indicating dementia (G30.0, G30.1, G30.8,
G309, F01.50, FO1.51, F02.80, F02.81, F03.90, F03.91,
F10.27, F10.97, F13.27, F13.97, F18.27, F18.97, F19.27,
and F19.97). We identified demographic characteristics
including female sex, age categories (65-74, 75-84, and >
85 years), and non-white race. Visit characteristics included
indicators of first visit status, patient new to provider, patient
seen by multiple providers, visit for a new problem, and
visit lasting at least 30 min. Clinical characteristics included
report of tobacco use, cerebrovascular disease diagnosis,
cancer diagnosis, depression diagnosis, number of comor-
bidities (chronic conditions), total medications, and report
of polypharmacy (five or more medications).

2.3 Data Analysis

We examined differences in demographic and clinical char-
acteristics by ADRD status using Chi squared tests for cat-
egorical variables; Student’s ¢ tests for continuous, normally
distributed variables; and Wilcoxon and Mann—Whitney U
tests for continuous, non-normally distributed variables.

Multivariable logistic regressions were used to estimate
odds ratios (ORs) and 95% confidence intervals (CIs) for
report of any Cog-PIM use and use of anticholinergic, antip-
sychotic, and benzodiazepine/Z drug Cog-PIM use. Ben-
zodiazepine and Z drug classes were combined because of
small sample sizes and their closely related mechanisms of
action. All regressions were adjusted for measured covari-
ates likely to confound the relationship between Cog-PIM
use and ADRD based on previous studies, as described.

We conducted all analyses in SAS 9.4 (SAS Institute,
Cary, NC, USA).

3 Results
3.1 Study Population Characteristics

The 2016 NAMCS included 13,165 visits, of which 3888
met our inclusion criteria (we excluded 561 periopera-
tive visits and 8716 visits for patients aged < 65 years);
after applying population-based weights, 218,182,131 out-
patient visits were analyzed (Table 1). Of these, approxi-
mately 2.1% (4,651,563 weighted visits) reported ADRD
as a patient diagnosis. ADRD visits were conducted more
often by a primary care provider (62.6 vs. 35.8%), were more

often made by adults aged > 75 years (75.9 vs. 44.5%), and
reported more chronic conditions (median 2.4 [interquartile
range {IQR} 1.2-3.6] vs. 1.7 [IQR 0.4-3.0]) and medica-
tions (median 6.1 [IQR 0.7-9.3] vs. 2.8 [IQR 0.1-7.1]). Of
the specific chronic conditions, a diagnosis of depression
was more frequently reported in patients with ADRD (25.3
vs. 9.6%) (Table 1).

3.2 Use of Potentially Inappropriate Medications
Linked to Cognitive Impairment or Decline
(Cog-PIM)

Cog-PIM use was reported in 33.2% of visits for patients
with ADRD compared with 17.0% of visits for patients with-
out ADRD (see Table 1). Anticholinergic and antipsychotic
medications were reported with greater frequency in ADRD
visits (20.5 vs. 8.1% and 15.5 vs. 0.8%, respectively). How-
ever, benzodiazepines and Z drugs did not show statistically
significant differences in frequency reported between visits
by ADRD status (8.7 vs. 8.8% and 2.2 vs. 1.9%, respec-
tively). A total of 22 Cog-PIMs were reported for patients
with ADRD: anticholinergics (cyclobenzaprine, benztro-
pine, meclizine, amitriptyline, dicyclomine, olanzapine,
hydroxyzine, doxepin, oxybutynin, paroxetine, trifluopera-
zine, desipramine); antipsychotics (quetiapine, haloperidol,
olanzapine, risperidone, trifluoperazine, aripiprazole); ben-
zodiazepines (alprazolam, clonazepam, diazepam, loraz-
epam); and Z drugs (zolpidem, zaleplon).

At ADRD visits reporting an anticholinergic, the
most commonly reported anticholinergic Cog-PIMs
were cyclobenzaprine (25.3%), benztropine (12.8%), and
meclizine (12.2%). Cyclobenzaprine was more commonly
reported in visits for patients with ADRD than with visits for
patients without ADRD (25.3 vs. 12.5%). Common antip-
sychotic Cog-PIMs at ADRD visits reporting this Cog-PIM
class included quetiapine (40.0%), haloperidol (26.2%), and
olanzapine (20.3%). Haloperidol was reported at 26.2% of
ADRD visits and was not reported at any non-ADRD visits.
The most common benzodiazepine/Z drug Cog-PIMs for
patients with ADRD were alprazolam (53.2%), clonazepam
(16.0%), and zolpidem (13.5%), with alprazolam being more
common at ADRD visits (53.2 vs. 35.1%).

After adjusting for potential confounders, visits for
patients with ADRD had 2.74 times the odds of reporting
Cog-PIM use than did visits for patients without ADRD
(adjusted OR [aOR] 2.74 [95% CI 1.20-6.27]; see Fig. 1).
Visits for patients with ADRD also had higher odds of
reporting anticholinergic and antipsychotic Cog-PIMs
(aOR 3.35 [95% CI 1.24-9.03] and aOR 22.80 [95% CI
5.80-89.50], respectively). Reports of benzodiazepine or
Z drug Cog-PIM use did not differ significantly based on
ADRD status.
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Table 1 Baseline characteristics

. Characteristics Total ADRD status p Value
of older adults according to
ADRD status in ambulatory Yes No
care visits, 2016
Demographic characteristics
Sample size, n
Weighted visits 218,182,131 4,651,563 213,530,568
Unweighted sample 3888 73 3815
Age, years, % 0.085
65-74 54.9 24.1 55.5
75-84 329 47.0 32.7
> 85 12.2 28.9 11.8
Female sex, % 56.5 60.1 56.5 0.645
Non-Hispanic white, % 78.2 80.7 78.1 0.887
Clinical
New patient, % 12.1 9.1 12.2 0.408
New reason for visit, % 25.1 15.0 252 0.179
Length of visit, % 0.642
0-14 min 14.9 11.4 15.0
15-29 min 58.7 61.4 58.7
30-59 min 242 22.5 242
> 60 min 22 4.7 2.1
Seen by primary care provider, % 36.4 62.6 35.8 < 0.001
Saw multiple providers, % 50.5 55.1 50.4 0.600
Cancer diagnosis, % 17.2 13.2 17.3 0.561
Cerebrovascular disease diagnosis, % 4.9 5.6 4.9 0.813
Depression diagnosis, % 9.9 253 9.6 < 0.001
Chronic conditions, median (IQR) 2.4 (1.2-3.6) 1.7 (0.4-3.0)
Never tobacco user, % 25.0 34.7 40.3 0.181
Medication
Five or more medications, % 44.0 58.1 437 0.094
Number of medications, median (IQR) 6.1 (0.7-9.3) 2.8 (0.1-7.7)
Any Cog-PIM, % 17.3 332 17.0 0.005
Visits reporting any anticholinergic, % 8.4 20.5 8.1 0.003
Visits reporting any antipsychotic, % 1.1 15.5 0.8 < 0.001
Visits reporting any benzodiazepine, % 8.8 8.7 8.8 0.977
Visits reporting any Z drug, % 1.9 2.1 1.9 0.855

ADRD Alzheimer’s disease and related dementias, Cog-PIM PIM linked to cognitive impairment or
decline, /QR interquartile range, PIM potentially inappropriate medications, Z drug non-benzodiazepine

receptor agonist hypnotics

4 Discussion

In this pharmacoepidemiologic study, we investigated the
relationship between ADRD status and Cog-PIM use in
adults aged > 65 years in a sample of ambulatory care
visits in the USA in 2016. The majority of patients with
ADRD were seen by primary care providers, a character-
istic similarly noted in a recent study of Medicare ben-
eficiaries with ADRD [24]. The mean number of chronic
conditions was higher in patients with ADRD, which is
also consistent with previous literature findings [7]. Spe-
cifically, approximately one-quarter of patients with ADRD
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reported depression diagnosis, for which Cog-PIMs may
be used in treatment. Depression in patients with ADRD
is consistently listed as a comorbidity across the literature,
with varying rates. A recent meta-analysis including clinic-
and community-based studies from all around the world
found a mean prevalence of depression in ADRD of 42%,
with high heterogeneity between studies, as reflected by
the wide range of depression prevalence of 19-78% [25].
Our results represent outpatient visits in the URSA, with
results similar to estimates coming from other community-
based studies conducted in the USA that were included in
the meta-analysis.
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Fig.1 Adjusted odds ratios of Cog-PIM report according to Alz-
heimer’s disease and related dementias status in older adults in the
ambulatory care setting, 2016. aOR adjusted odds ratio, BZD benzo-

The main objective of this analysis was to determine the
rate of Cog-PIM prescribing in older adults with ADRD.
Our data indicated that, on average, approximately twice as
many medications were reported at visits for patients with
ADRD than at visits for patients without ADRD. Cog-PIMs
were listed in one-third of ADRD visits, and polypharmacy
was reported in more than half of ADRD visits. Few studies
exist for comparison; however, one Danish study found poly-
pharmacy reported for 63% of its ADRD cohort, and 24-45%
reported PIM use, depending on the PIM identification tool
[16]. A recent Australian study reported Cog-PIM use in
37% of its ADRD cohort, with anticholinergics and sedatives
being the most common [22]. A study using a representative
sample of the US population reported a prevalence of 26.95%
for potentially inappropriate anticholinergic medication use
among older adults with dementia [26]. Although higher
Cog-PIM prevalence rates were identified in multiple studies,
the main driving factors remain unclear. Patients with ADRD
likely have multiple comorbid conditions, increasing the risk
for polypharmacy, drug—drug and drug—disease interactions
resulting in PIM, including Cog-PIM use. The complexity of
care for patients with ADRD poses significant challenges in
optimizing pharmacological treatments, avoiding undertreat-
ment, and balancing risks and benefits.

Of the specific Cog-PIM classes, anticholinergics were
most prevalent in ADRD visits, followed by antipsychotics.

diazepine, CI confidence interval, Cog-PIM potentially inappropriate
medication linked to cognitive impairment or decline, Z drug non-
benzodiazepine hypnotic

ADRD status was associated with greater odds of Cog-PIM
use from both classes, driven primarily by antipsychotics.
While ADRD status was not significantly associated with
odds of benzodiazepine/Z drug Cog-PIM use, the frequency
of report regardless of ADRD status was still high. Pharma-
cotherapy with Cog-PIMs for dementia-related behavioral
symptom control is not recommended, and the Beers Cri-
teria provide alternative therapy options for each Cog-PIM
class [27]. Specifically, although atypical antipsychotics
are recommended over typical antipsychotics for last-line,
short-term use, this study demonstrated that haloperidol (a
typical antipsychotic carrying a black box warning specific
to this population) was among the most commonly reported
antipsychotic in the Cog-PIM class [28]. Similarly, benzo-
diazepine use is not indicated for first-line or chronic use in
patients with ADRD [29]. If necessary, short-acting ben-
zodiazepines are preferred, yet only longer-acting benzodi-
azepines were reported at ambulatory care visits for older
adults in the 2016 NAMCS survey. Finally, Z drugs are not
recommended at all for treatment of sleep-related symptoms
in patients with ADRD [30]. Although pharmacotherapy is
generally only indicated for short-term use after exhausting
other treatment options, this study demonstrates common
use. These findings clearly indicate that opportunities exist
for reducing PIM use and polypharmacy through deprescrib-
ing and de-escalation of Cog-PIMs or replacement with
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safer alternatives. Pharmacists, as medication experts, are
well positioned to guide efforts to improve medication use
in patients with ADRD through comprehensive medication
reviews, medication therapy management, recommenda-
tions for safer alternatives, or deprescribing. Pharmacist-led
deprescribing and treatment optimization interventions in
this setting have been shown to be effective for replacement
or discontinuation of inappropriate medications and dose
reduction of PIMs [31, 32]. Furthermore, collaborative care
practices that include pharmacists on the team are a success-
ful model for chronic disease management in outpatient care
and could be considered for implementation in the care of
patients living with ADRD [33].

There are limitations to this study. The NAMCS data-
base is limited in data collection to randomly selected vis-
its during a 1-week period. Data are de-identified, which
does mean that more than one visit could be attributed to
the same patient, although this is unlikely. The survey does
not capture hospital-related visits, so medication informa-
tion from those encounters is excluded. Since only medi-
cations associated with the visits are captured, medication
and chart information may be incomplete. These may all
contribute to underreporting of complete medication lists.
The study design was cross-sectional, so no inferences about
trends may be made. Despite these limitations, the study is
strengthened by the generalizability provided by the nation-
ally representative dataset and the design evaluating all Cog-
PIM classes simultaneously.

5 Conclusion

In a national sample of US ambulatory visits, Cog-PIMs
were reported in approximately one-third of ADRD patient
visits. Anticholinergics and antipsychotics were the most
frequently reported Cog-PIMs and were associated with
ADRD status. These medications are not recommended for
routine use in older adults and patients with mild cognitive
impairment or ADRD. Given the risks associated with these
medications, future work should investigate interventions to
deprescribe Cog-PIM use in the ADRD population. Pharma-
cists are ideally placed to make a difference and assure opti-
mal treatment regimens for patients living with ADRD. Our
study was conducted using a representative sample of the US
population, but our results raise awareness of an important
issue that would be of interest for patients with ADRD and
their care providers worldwide.
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