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RESEARCH Open Access

Optimizing medication appropriateness in
older adults: a randomized clinical
interventional trial to decrease
anticholinergic burden
Daniela C. Moga1,2,3*, Erin L. Abner2,3, Dorinda N. Rigsby1, Lynne Eckmann4, Mark Huffmyer4, Richard R. Murphy3,5,
Beth B. Coy3 and Gregory A. Jicha3,5

Abstract

Background: The complexity of medication therapy in older adults with multiple comorbidities often leads to
inappropriate prescribing. Drugs with anticholinergic properties are of particular interest because many are not
recognized for this property; their use may lead to increased anticholinergic burden resulting in significant health
risks, as well as negatively impacting cognition. Medication therapy management (MTM) interventions showed
promise in addressing inappropriate medication use, but the effectiveness of targeted multidisciplinary team
interventions addressing anticholinergic medications in older populations is yet to be determined.

Methods: We conducted an 8-week, parallel-arm, randomized trial to evaluate whether a targeted patient-centered
pharmacist–physician team MTM intervention (“targeted MTM intervention”) reduced the use of inappropriate
anticholinergic medications in older patients enrolled in a longitudinal cohort at University of Kentucky’s Alzheimer’s
Disease Center. Study outcomes included changes in the medication appropriateness index (MAI) targeting
anticholinergic medications and in the anticholinergic drug scale (ADS) score from baseline to the end of study.

Results: Between October 1, 2014 and September 30, 2015 we enrolled and randomized 50 participants taking at least
one medication with anticholinergic properties. Of these, 35 (70%) were women, 45 (90%) were white, and 33 (66%) were
cognitively intact (clinical dementia rating [CDR] = 0); mean age was 77.7 ± 6.6 years. At baseline, the mean
MAI was 12.6 ± 6.3; 25 (50%) of the participants used two or more anticholinergics, and the mean ADS score
was 2.8 ± 1.6. After randomization, although no statistically significant difference was noted between groups, we identified
a potentially meaningful imbalance as the intervention group had more participants with intact cognition, and thus
included CDR in all of the analyses. The targeted MTM intervention resulted in statistically significant CDR adjusted
differences between groups with regard to improved MAI (change score of 3.6 (1.1) for the MTM group as compared
with 1.0 (0.9) for the control group, p = 0.04) and ADS (change score of 1.0 (0.3) for the MTM group as compared with
0.2 (0.3) for the control group, p = 0.03).
(Continued on next page)
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Conclusions: Our targeted MTM intervention resulted in improvement in anticholinergic medication appropriateness and
reduced the use of inappropriate anticholinergic medications in older patients. Our results show promise in an area of
great importance to ensure optimum outcomes for medications used in older adults.

Trial registration: ClinicalTrials.gov NCT02172612. Registered 20 June 2014.

Keywords: Anticholinergic medication, Medication therapy management intervention, Older adults, Alzheimer’s
Disease Center

Background
Medication therapy is a fundamental component of the
care of older patients, but evidence suggests that
pharmacotherapy in this population is often inappropri-
ate. Lau et al. [1] evaluated the magnitude of this
problem in older patients followed in the National
Alzheimer’s Coordinating Center cohort between 2005
and 2007. Using the Beers 2003 criteria for potentially
inappropriate prescribing [2], they estimated that 20% of
the older subjects without dementia and 15% of those
with dementia had at least one potentially inappropriate
prescription; a strong association was seen between the
number of medications used and the odds of having at
least one inappropriate prescription [1]. Centers for
Disease Control and Prevention estimated that about
36% of adults over 60 years old in the United States used
five or more drugs in the past month during 2007–2008
[3]. A recent Canadian study in frail older people found
that the patients took an average of 15 medications
(range 6–28), with 8.9 drug-related problems per patient
(range 3–19) [4].
Different medications and medication classes are

known to cause cognitive impairment that can range
from acute confusion to chronic impairment. Relevant
to the current study, drugs with anticholinergic proper-
ties can play an important role in causing cognitive
impairment. Cholinergic antagonists deserve this special
attention given the significant role played by the cholin-
ergic system in the brain in activities such as attention,
awareness, and selection of relevant stimuli in the
environment [5, 6]. Anticholinergic medications have
been identified as a group of drugs contraindicated in
patients with dementia, largely due to their potentially
severe adverse effects on cognition and psychiatric
symptoms, including increasing psychotic symptoms and
agitation [7, 8]. Challenge studies have shown that
people with different levels of cognitive impairment are
highly sensitive to anticholinergics and can experience
severe central nervous system adverse effects like
memory disturbances, delirium, agitation, and psychotic
symptoms, including hallucinations [7]. A placebo-
controlled crossover study demonstrated the significant
effect of cholinergic antagonists in patients with demen-
tia; patients enrolled in this trial experienced memory

impairment, restlessness, disjointed speech, drowsiness,
agitation, and hallucinations after scopolamine adminis-
tration [9].
The role of medication management was formally

recognized by the Medicare Prescription Drug, Improve-
ment, and Modernization Act of 2003 that describes the
role of medication therapy management (MTM)
programs in reducing the risk of adverse drug events
[10]. Pharmacists have been involved in different
approaches for the optimization of prescribing and ra-
tional medication use in older people, and play a key
role in the effective implementation of MTM programs.
Previous studies brought evidence on the efficacy of col-
laborative, multidisciplinary (i.e., pharmacist–primary
care provider) interventions to improve medication use
in older patients at risk [11], and also on the importance
of adopting a patient-centered approach as a fundamen-
tal philosophy of pharmaceutical care [12]. However, the
literature on the impact of such interventions on redu-
cing inappropriate anticholinergic medications and
whether such interventions improve clinical outcomes
(including improvement in cognitive function) is rather
limited [11, 13]. Specifically, previous studies addressing
MTM interventions focused primarily on polypharmacy,
without specification of medication type or class, rather
than the specific use of anticholinergic medication, to
evaluate appropriate use [11], or have focused on pa-
tients in long-term care rather than a more generalizable
population of community-dwelling older adults [13]. Ef-
fective patient-centered interventions in which a clinical
pharmacist collaborates with the patient’s physician to
reduce anticholinergic burden might improve cognitive
performance and functionality in the older population.
Prescribing for older patients can be more challenging

due to factors such as age-related changes and multiple
comorbidities. The right balance between concomitantly
treating several chronic conditions and avoiding
medication-related negative effects is an important ob-
jective for healthcare providers, yet one that might be
hard to achieve [14]. The ultimate goal of improving
health outcomes in general, and brain health in particu-
lar, by optimizing medication use in older patients might
be a complex process. Identifying the best approach to
make this change is an essential first step en route to

Moga et al. Alzheimer's Research & Therapy  (2017) 9:36 Page 2 of 10

https://clinicaltrials.gov/ct2/show/NCT02172612?term=A+Pilot+Study+to+Reduce+Inappropriate+Anticholinergic+Prescribing+in+the+Elderly&rank=1


improving health. Therefore, we sought to investigate
whether a targeted multidisciplinary team intervention
would be successful at reducing inappropriate anti-
cholinergic medication use in older patients enrolled in
a cohort at the Alzheimer’s Disease Center (ADC) at
University of Kentucky (UK).

Methods
Study design
We conducted an 8-week, parallel-arm, randomized trial to
evaluate a targeted patient-centered pharmacist–physician
team MTM intervention (“targeted MTM intervention”) to
improve anticholinergic medication appropriateness and re-
duce the use of inappropriate anticholinergic medications
in older patients enrolled in the ADC cohort. We defined
inappropriate anticholinergic medication use in a two-
step approach. All anticholinergic medications taken
by each participant were labeled “potentially inappro-
priate” and were subject to review by the study team.
The second step was conducted during the targeted
MTM intervention when each of the previously
flagged medications was evaluated using a risk–benefit
approach with final recommendations based on the
participant’s input and preference. The study was
approved by the Institutional Review Board at UK.
All participants provided written informed consent.

Inclusion and exclusion
Patients were considered for inclusion in our study if they
met the following eligibility criteria: actively enrolled in
the ADC cohort; 65 years of age and older; reporting at
least one drug with anticholinergic properties [15–17] at
their annual ADC visit; and willing to participate in our
intervention study. Patients were excluded if they had
moderate or severe dementia as measured by a Clinical
Dementia Rating (CDR) [18] global score ≥ 2, or lived in a
long-term care facility at the time of enrollment.

Participant recruitment
In short, between October 1, 2014 and September 30,
2015 we screened the records for participants actively

enrolled in the ADC cohort within 1 week of their
scheduled annual visit. We identified study-eligible pa-
tients who reported at least one anticholinergic drug and
mailed them a letter briefly introducing our study. One
to two weeks after mailing the letter, the potential
participant received an enrollment call from the study
team; once verbal consent for participation was granted,
the medication list was finalized and additional details
about the medications taken were collected. Between the
enrollment call and the first study visit (2 weeks after
enrollment), the pharmacist evaluated the appropriate-
ness of the anticholinergic medication(s) and outlined
points to address in case the participant was randomized
to intervention.

Randomization
After enrollment in the study, patients were randomized to
either the intervention or the control group using a simple
block randomization scheme (50 subjects randomized into
five blocks), which was generated using the web site Rando-
mization.com (http://www.randomization.com). The study
statistician prepared 50 sealed opaque envelopes containing
the sequential randomization assignments, and these were
provided to the study principal investigator, who had no
knowledge of the randomization assignments contained
within. Each envelope was opened only after the study
pharmacist completed the baseline medication review. Be-
cause the intervention was educational in nature, complete
blinding of the intervention was not possible. However, we
attempted to minimize potential bias and achieve the max-
imum level of blinding possible by this design. Specifically,
when reviewing the medication list prior to the interven-
tion, both the study pharmacist and the licensed prescriber
at the ADC were unaware of the group allocation. In
addition, data analysis was blinded to the intervention.

Study procedures
There were two total study visits for both the interven-
tion and control groups (Fig. 1). At the first study visit,
all participants were provided with generic information
available from the US Food and Drug Administration,

Fig. 1 Study procedures. ADC Alzheimer’s Disease Center
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encouraging patients to be proactive in talking to their
health care providers about their medications (http://
www.fda.gov/drugs/resourcesforyou/ucm079453.htm). In
addition, those participants randomized to the interven-
tion group met with the pharmacist–clinician team that
conducted the targeted MTM intervention. The end-of-
study visit was scheduled 8 weeks after enrollment. At
this visit, all participants provided updated information
on their medication use to allow us to determine any
changes from baseline, and completed the Short Form
Health Survey (SF-36) and the end-of-study question-
naire. Those in the control group were given the oppor-
tunity to discuss any questions or concerns about their
medications with the study pharmacist.

Intervention
The targeted MTM intervention was based on the
pharmacist–clinician team drug review between enroll-
ment and visit 1. Typical MTM interventions evaluate
all medications used by a patient and determine treat-
ment necessity and potential changes; our intervention
only targeted medications known to have anticholinergic
properties. For patients randomized to the intervention
group, the study pharmacist provided a revised medica-
tion plan based on the drug review, which was discussed
with the participant and/or their Legally Authorized
Representative. Specifically, the proposed plan attempted
to recommend discontinuation or replacement of any
potentially inappropriate drug with anticholinergic prop-
erties, with safer drug alternatives (i.e., with less or no
anticholinergic activity). When drug alternatives were
unavailable, reduction in dosage was recommended
whenever possible to reduce the anticholinergic burden
[19]. Similar to routine clinical practice, the study
clinician ultimately made the recommendations about
prescription changes to the participant, while the study
pharmacist was responsible for recommendations and
provision of information to educate the participant
about medication safety and the importance of patient
involvement in medication awareness and oversight.
Appropriate changes were determined by the licensed
prescriber, but the participant had the freedom to accept
or reject the recommendations.

Study endpoints
The coprimary endpoints measured the impact of the
targeted MTM intervention on potentially inappropri-
ate anticholinergic use by evaluating change from
baseline to end of study in: appropriateness of anti-
cholinergic medication prescribing, as measured by
the medication appropriateness index (MAI) [20]; and
anticholinergic burden as measured by the number of
anticholinergic drugs used and the anticholinergic
drug scale (ADS) [16].

The MAI rates each medication based on 10 different
criteria related to indication, effectiveness, dosing and
medication-taking behavior, potential for drug–drug or
drug–disease interactions, duplication of therapy, patient
acceptability of the medication, and whether the medica-
tion is the least expensive option for the specific indica-
tion. Each criterion has explicit instructions and
examples to guide evaluation, and the study pharmacist
rates whether the particular medication was “appropri-
ate”, “marginally appropriate”, or “inappropriate”; the
final MAI score can range from 0 (totally appropriate) to
18 (completely inappropriate) [20]. MAI assessments
made by a clinical pharmacist and a physician (i.e.,
internist and geriatrician) demonstrate high inter-rater
(κ = 0.83) and intra-rater (κ = 0.92) reliability [20]. Our
focus was on drugs with anticholinergic properties, ei-
ther obtained by prescription or over the counter. Medi-
cation appropriateness at baseline was assessed in a
blinded manner, before randomization.
Anticholinergic burden (and change from baseline to

end of study) was measured using the updated version
of the ADS score. The updated version of the scale was
obtained from the lead author; changes from the original
scale include reassigned scores for some medications
(e.g., change from ADS = 0 to ADS = 1 for loratadine, or
from ADS = 1 to ADS = 0 for oxazepam), and new scores
for medications that were unavailable or unassessed at
the time the original scale was published. The ADS has
four levels for each included drug, ranging from 0 (no
known anticholinergic activity) to 3 (markedly
anticholinergic activity) by comparison with serum anti-
cholinergic activity [16]. Of the existing anticholinergic
scales, the ADS categorized the largest number of medi-
cations for anticholinergic activity [21]. The summation
of anticholinergic activity level for all of the drugs taken
by a patient reflected the total anticholinergic burden for
the participant, with higher scores indicating higher
burden [16].
In addition, we created a composite binary outcome

measure to incorporate a change in dose when treat-
ment discontinuation was not possible. Specifically, a
reduction in anticholinergic medications (yes/no) was
defined in the case of either discontinuation or dose
reduction.
The secondary endpoint included the change in per-

ceived health status from baseline to the end-of-study
visit as measured using the SF-36, a validated instrument
that evaluates eight health domains categorized into
three major health attributes: functional status (i.e.,
physical functioning, social functioning, role limitations
due to physical problems, role limitations due to emo-
tional problems); well-being (mental health, vitality, bod-
ily pain); and general health perception (an overall
evaluation of health) [22]. In addition, these eight health
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domains can be grouped into two component scores:
physical and mental health [23]. Previous research re-
ported that the SF-36 correlated well with the Sickness
Impact Profile scores, a more thorough health status
evaluation [24, 25]. SF-36 summary scores range from 0
to 100, with lower scores indicating poorer perceived
health. Thus, a positive change from baseline to end of
study indicates improvement in perceived health. All
participants completed the baseline SF-36 as part of
their annual ADC assessment within the 2 weeks prior
to enrollment and again at the end-of-study visit.
At the end-of-study visit, we also asked participants to

complete a questionnaire asking about their experience
as part of the study and how they perceived the inter-
vention. We also investigated reasons for participation,
and whether our study impacted the pattern of commu-
nication between study participants and their health care
providers (i.e., physician and or pharmacist). The
additional file includes the end-of-study questionnaire as
used by our participants (see Additional file 1).

Statistical analysis
We used Student’s t tests (or Wilcoxon rank-sum tests for
nonnormally distributed variables) and chi-square or
Fisher’s exact tests to assess the comparability of study
groups after randomization. To examine the effect of the
intervention on prescribing appropriateness measured
using the MAI and ADS, we performed analysis of covari-
ance (ANCOVA), with the dependent variables being the
difference in scores between baseline and the end-of-study
measure. The impact of the intervention on reducing the
number of anticholinergic medications from baseline to
the end of study was assessed using Poisson regression
that also accounted for the number of medications the
participant was taking at baseline. For our composite
binary measure of reducing anticholinergic load, we con-
ducted logistic regression; to evaluate the robustness of
this measure of change, we also conducted a sensitivity
analysis using logistic regression restricted to participants
using moderate or strong anticholinergic medications. For
the perceived health status measure, because the SF-36
does not produce a single overall measure, analysis of
covariance was used to estimate the effect of the interven-
tion on the eight SF-36 health concepts and the two com-
ponent scores. For all of the analyses, our a-priori
statistical analysis plan considered controlling for any
variable that might have been significantly different be-
tween the two groups after randomization.

Power calculation
Based on previous studies using the MAI as the out-
come of interest, we calculated the sample size to detect
a clinically relevant mean difference of 1.0 between base-
line and the end-of-study assessment for the

intervention group. We estimated that 34 subjects in
total (17 per group) would be sufficient to detect this
difference with 80% power at a significance level of 0.05.
This was a rather conservative approach because previ-
ous studies showed that medication reconciliation inter-
ventions can determine a mean MAI change ranging
between 1.9 and 17 [26]. In order to account for the po-
tential loss to follow-up, we planned to enroll 25 partici-
pants for each group, for a total of 50 participants.

Results
Of the 266 records that were screened after a completed
visit to the ADC, 50 participants were enrolled and ran-
domized to either the control group or the intervention
group (Fig. 2). One participant was lost to follow-up and
was excluded from the analyses because no outcome
measures were available. Of the 27 different anticholinergic
medications reported at baseline and targeted for evalu-
ation, the most frequently used by our participants were
triamterene (ADS = 1, N = 7 (8.8%)), tolterodine (ADS = 3,
N = 6 (7.5%)), ranitidine (ADS = 2, N = 6 (7.5%), and fluox-
etine (ADS = 1, N = 6 (7.5%). Of the medications that were
discontinued, eight medications were classified as ADS = 3,
three were classified as ADS = 2, and six medications were
classified as ADS = 1. Specific medications that were
discontinued included tolterodine (N = 2, ADS = 3), diphen-
hydramine (N = 2, ADS = 3), fluoxetine (N = 2, ADS = 1),
and loratadine (N = 2, ADS = 1).
When assessing balance between group characteristics

at baseline, there were no statistically significant differ-
ences between those participants randomized to
intervention and the control group (Table 1).
Although CDR was not statistically significant when

assessed as a three-level variable, there was a potentially
meaningful imbalance such that the intervention group
had more participants with intact cognition. Thus, we
also assessed CDR as a dichotomous variable (CDR = 0
vs CDR > 0), and found a significant difference (p = 0.04).
Therefore, we decided to control for CDR in all of the
analyses. When evaluating the impact of the intervention
on the MAI and ADS, both the unadjusted and the ad-
justed (controlling for baseline CDR) analyses indicated
that the intervention was effective in reducing
anticholinergic load (Table 2). The number of anti-
cholinergic drugs was reduced significantly in the inter-
vention group. The adjusted analysis controlling for
baseline CDR and accounting for number of medications
at baseline resulted in a rate ratio of 5.1 (95% confidence
interval (CI): 1.6, 16.6), meaning the intervention group
was over five times as likely as the control group to
discontinue an inappropriate anticholinergic medication.
Furthermore, the logistic regression model adjusted for
baseline CDR indicated that the intervention group had
higher odds of lowering anticholinergic load (i.e.,
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composite outcome for change) as compared with the
control group (odds ratio (OR) = 12.5; 95% CI: 2.3, 100).
Similarly, when restricting the analysis to those using
moderate or strong anticholinergic medications, the
CDR adjusted odds of lowering anticholinergic load were
higher for the intervention group (OR = 7.5, 95% CI: 1.3,
44.6).
When evaluating our secondary outcome of perceived

health status at baseline, no significant differences were
observed between the two study groups, with the excep-
tion of the mental health domain (Table 3). This
difference persisted in the adjusted analysis, where the
intervention group showed an adjusted mean positive
change of 1.1 (SEM = 3.3), which was not statistically
significant, compared with a negative change (worsen-
ing) in the control group where the mean change was –
7.9 (SEM = 2.8) (p = 0.02). We note that adjustment for
CDR changed the unadjusted point estimates for the
mental health domain, but the absolute difference was
similar (~11 vs ~9).
With regard to their reasons for participation and per-

ceptions of the study, the majority of the participants
stated either the desire to help themselves or others, or
curiosity, as the main reasons for participation. Before
participating in our study, 60% of the participants agreed
or strongly agreed about discussing the medications they
were taking with their doctor. Fewer participants agreed
or strongly agreed about discussing medication-related
issues with a pharmacist (32%), or with both their doctor
and pharmacist (28%). After participating in the study,

more participants agreed or strongly agreed that they
will discuss their medication with their doctor (74%) or
with their pharmacist (60%), and 52% agreed or strongly
agreed that they will discuss with both their doctor and
their pharmacist. Of the 50 participants enrolled in the
study, 86% agreed or strongly agreed with the statement
“After participating in this study I think it is important
for me to understand more about the medications I am
taking”, and the same proportion disagreed or strongly
disagreed with the statement “Participation in this study
added significant burden”.

Discussion
We conducted a randomized intervention to evaluate
the impact of a pharmacist–medical provider team
impact on lowering inappropriate anticholinergic medi-
cation use in older adults. Our study showed an im-
provement in medication appropriateness as measured
by the MAI and in anticholinergic load as measured by
the number of anticholinergic medications and by the
ADS. During the 8-week intervention, 44% (n = 11) of
the intervention group stopped taking at least one anti-
cholinergic medication, compared with just 8% (n = 2) of
the control group. With regard to measuring quality of
life, specifically the perceived health status, although
only the mental health domain of the SF-36 showed a
significant difference following our intervention (no
change for intervention, worsening for control), it is also
important to note that our targeted MTM intervention
did not negatively affect our study participants.

Fig. 2 Flow diagram: study participation and selection process
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Previous studies evaluated the impact of MTM inter-
ventions on optimizing pharmacologic therapies and re-
ducing inappropriate medication use. For instance,
Hanlon et al. [27] showed that the MAI was significantly
improved following a pharmacist-led MTM intervention
aimed at identifying any potential inappropriate medica-
tion used by veterans receiving care in one of the
Veterans Affairs Medical Centers. Similarly, studies
evaluating the effect of targeted MTM interventions on
specific medications also showed promising results with
significant improvement in medication appropriateness,
as measured by the MAI [28, 29]. However, the evidence
regarding the effect of targeted MTM interventions on
reducing inappropriate anticholinergic medication use in
older adults is very limited and has mainly targeted older

adults in nursing homes rather than those living in the
community. One study in Norway investigated whether
reducing the anticholinergic burden in long-term care
frail adults improves their cognitive function, and found
that the intervention was successful in reducing anti-
cholinergic load but did not show any statistically signifi-
cant improvement in cognition after the 8-week follow-
up [13]. A study in Finland recruited residents in
assisted living facilities in Helsinki to evaluate the impact
of a multidisciplinary team intervention to reduce
inappropriate medication use including anticholinergic
and psychotropic medications; the results published thus
far are promising in that the MTM intervention resulted
in a reduction of inappropriate medications [30]. Our
study results are in line with the existing evidence and

Table 1 Targeted MTM intervention: baseline participant characteristics

Demographics All subjects (N = 50) Control group (n = 25) MTM group (n = 25) p value

Age (years) 77.7 ± 6.6 79.1 ± 6.9 76.3 ± 6.2 0.13

Education (years) 16.1 ± 2.8 15.8 ± 3.0 16.5 ± 2.5 0.34

Female 35 (70.0) 17 (68.0) 18 (72.0) 0.76

Race 0.99

White 45 (90.0) 22 (88.0) 23 (92.0)

Black or African American 5 (10.0) 3 (12.0) 2 (8.0)

Clinical Dementia Rating 0.13

0 33 (66.0) 13 (52.0) 20 (80.0)

0.5 12 (24.0) 8 (32.0) 4 (16.0)

1.0 5 (10.0) 4 (16.0) 1 (4.0)

Anticholinergic medication use

Medication appropriateness index 12.6 ± 6.3 13.0 ± 4.4 12.2 ± 7.9 0.63

Anticholinergic drug scale 2.8 ± 1.6 2.9 ± 1.3 2.8 ± 1.9 0.73

Number of anticholinergic drugs

1 25 (50.0) 11 (44.0) 14 (56.0) 0.40

≥2 25 (50.0) 14 (56.0) 11 (44.0)

Used anticholinergic drugs with moderate/strong activity 31 (62) 18 (72) 13 (52) 0.14

RAND SF-36

Health domains

General health 67.7 ± 17.9 69.4 ± 14.8 66.0 ± 20.7 0.52

Physical functioning 67.4 ± 25.6 60.4 ± 25.9 74.2 ± 23.9 0.06

Bodily pain 66.6 ± 28.1 63.1 ± 25.8 70.0 ± 30.4 0.40

Role limitations, physical 53.1 ± 38.8 50.0 ± 33.8 56.3 ± 43.8 0.58

Mental health 82.6 ± 13.0 87.1 ± 9.4 78.2 ± 14.6 0.02

Vitality 56.1 ± 23.2 57.3 ± 23.2 55.0 ± 23.7 0.73

Social functioning 80.1 ± 22.7 80.7 ± 23.0 79.5 ± 22.8 0.85

Role limitation, emotional 81.3 ± 29.9 84.7 ± 21.9 77.8 ± 36.3 0.43

Component scores

Physical health 63.8 ± 22.5 60.7 ± 19.1 66.8 ± 25.3 0.35

Mental health 75.0 ± 17.8 77.5 ± 13.6 72.7 ± 21.0 0.35

Data presented as mean ± SD or N (%)
MTM medication therapy management, SF-36 Short Form Health Survey
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add important knowledge by showing that MTM inter-
ventions can be effective when targeting community-
dwelling older adults.
With regard to the impact of MTM interventions on

perceived health status measured using the SF-36, our re-
sults are similar to the findings from previous randomized
trials that reported no statistically significant or only min-
imal differences for the eight SF-36 domains [27, 31–33].
In addition, a recent Agency on Healthcare Research and
Quality review on MTM interventions in outpatient
settings included a meta-analysis of published studies to
evaluate the impact of MTM interventions on SF-36 do-
mains and showed no statistically significant differences in
all but one of the eight SF-36 domains, namely the ‘Vital-
ity’ domain [34]. In addition, having no negative impact
on any of the SF-36 domains due to the intervention is
also reassuring for the potential of an MTM intervention
to address inappropriate medication use.

Our study has several important strengths. The spe-
cialized care provided by clinicians at the UK ADC in
collaboration with pharmacists with extensive experience
in geriatric care allowed for complex medication
regimens to be evaluated and modified when deemed
necessary, without posing risks for participants. In
addition, we were able to recruit participants in a timely
fashion and had good response rates among those iden-
tified as eligible; our successful recruitment was facili-
tated by the collaboration with the UK ADC and the
positive reputation of the center in the local community.
Moreover, our loss to follow-up rate was low, with only
one participant who could not be tracked for the end-of-
study visit to determine outcomes. Thus, we are
confident in our interpretation of the results and the fact
that attrition bias was not influential.
Our study has some limitations. The 8-week follow-up

did not allow us to evaluate whether the intervention is

Table 3 Secondary outcomes: SF-36 change scores from baseline to end of studya

RAND SF-36 Control group (n = 24) MTM group (n = 25) p value

Health domains

General health –3.9 ± 14.9 4.3 ± 13.8 0.06

Physical functioning 3.6 ± 16.0 –5.2 ± 15.6 0.06

Bodily pain 1.8 ± 31.5 –6.8 ± 20.8 0.28

Role limitations, physical 4.6 ± 41.3 1.0 ± 32.5 0.75

Mental health –6.1 ± 12.7 4.8 ± 12.5 0.005

Vitality –4.9 ± 16.3 2.8 ± 12.9 0.08

Social functioning –1.7 ± 29.2 0.5 ± 20.6 0.76

Role limitation, emotional –6.1 ± 31.9 0.0 ± 32.6 0.53

Component scores

Physical health 1.5 ± 16.5 –1.2 ± 13.2 0.53

Mental health –4.7 ± 14.0 2.1 ± 12.9 0.09

Data presented as mean ± SD or N (%)
MTM medication therapy management, SF-36 Short Form Health Survey
aA negative result means a worsening on the measure between baseline and the end-of-study visit

Table 2 Primary outcomes: anticholinergic use change scores from baseline to end of studya

Control group (n = 24) MTM group (n = 25) p value

Unadjusted outcome (mean ± SD)

Medication appropriateness index –1.1 ± 3.1 –4.2 ± 5.1 0.02

Anticholinergic drug scale –0.2 ± 0.9 –1.2 ± 1.6 0.01

Number of anticholinergic drugs –0.1 ± 0.3 –0.6 ± 0.7 0.004

Adjusted outcomeb (mean ± SEM)

Medication appropriateness index –1.0 ± 0.9 –3.6 ± 1.1 0.04

Anticholinergic drug scale –0.2 ± 0.3 –1.0 ± 0.3 0.03

Number of anticholinergic drugs –0.04 ± 0.03 –0.2 ± 0.1 0.04
aA negative result means a lower measure at the end-of-study visit (improvement in medication appropriateness index, lower anticholinergic drug scale, and fewer
medications with anticholinergic properties)
bAdjusted for baseline Clinical Dementia Rating global score. Reduction in number of anticholinergic drugs is also adjusted for number of anticholinergic drugs
taken at baseline (as the offset in the Poisson model)
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sustainable following the end of study. Participants may
not be compliant with medication changes recom-
mended by the pharmacist–clinician team in the long
run, especially if primary care physicians are in disagree-
ment with medication changes recommended by the
pharmacist–clinician team. In addition, given the short
follow-up, we focused on measures including the impact
of the intervention on anticholinergic burden using the
ADS, medication appropriateness using the MAI, and
perception of health status using the SF-36. Measures of
longitudinal change in objective clinical status and cog-
nitive outcomes were not evaluated in the present study.
Further research should focus on measuring appropriate
objective clinical and cognitive outcomes that will neces-
sarily involve engaging subjects over more prolonged
periods of intervention in order to detect meaningful
change in these important outcome measures. From a
brain health perspective, our next steps would involve
an expansion of the intervention to assess its impact on
cognitive function. An important caveat in interpreting
the present findings lies in the lack of a universally
agreed-upon rating scale for anticholinergic burden.
Existing anticholinergic rating scales frequently differ in
the medications included and the severity of anticholin-
ergic activity attributed to specific medications and
classes of drugs. Despite this caveat, and the consider-
ation that the scale we selected to conduct our interven-
tion includes medications that might not be found on
other anticholinergic scales [35, 36], it is important to
note that the main objective of the study was to investi-
gate whether participants were open to change
medications deemed inappropriate. The fact that change
was embraced for medications with low and high anti-
cholinergic activity shows promise because it indicates
willingness on the patient’s side to collaborate with a
pharmacist–clinician team to maximize medication ap-
propriateness. Lastly, the fact that our intervention was
conducted by specialized providers and delivered to a
highly educated and highly motivated study population
may limit the generalizability of our results.

Conclusion
Physicians regularly monitor medical treatments for
their patients and change treatment plans when the
balance between risks and benefits is not appropriate.
However, sometimes the potential for a harmful effect is
not recognized; this is often the case for some drugs that
although having anticholinergic effects are not recog-
nized as such. The inclusion of a clinical pharmacist
with extensive experience in conducting medication
therapy management reviews added value for the brain
health care provided on a regular basis by clinicians at
the UK ADC clinic. Our results bring important evi-
dence on the feasibility of improving anticholinergic

medication use in older adults living in the community,
making this intervention a promising avenue for improving
brain health care.

Additional file

Additional file 1: End-of-study questionnaire. (PDF 195 kb)

Abbreviations
ADC: Alzheimer’s Disease Center; ADS: Anticholinergic drug scale; ANCOVA: Analysis
of covariance; CDR: Clinical Dementia Rating; CI: Confidence interval;
MAI: Medication appropriateness index; MTM: Medication therapy management;
OR: Odds ratio; SF-36: Short Form Health Survey; UK: University of Kentucky

Acknowledgements
The authors thank the participants and their study partners, without whom
this study would not have been possible. They also wish to acknowledge Mr
Joshua Stalion and Mr Timothy Shannon for assistance with study data
management, and Mrs Sarah D. Tarrant, Mrs Julia Johnson, and Dr Shani
Bardach for assistance with scheduling participants’ visits.

Funding
This study was supported by a pilot study award from the University of
Kentucky Center for Clinical and Translational Sciences (UL1TR000117).
Additional support was provided by the University of Kentucky Alzheimer’s
Disease Center (P30 AG028383). DCM was supported by grant number K12
DA035150 (Building Interdisciplinary Research Careers in Women’s Health)
from the National Institutes of Health, the Office of Women’s Health
Research, and the National Institute on Drug Abuse.

Availability of data and materials
The data collected and analyzed during the current study are available from
the corresponding author upon reasonable request.

Authors’ contributions
DCM served as principal investigator and designed the study, obtained funding,
provided oversight for data collection and statistical analysis, interpreted the
study results, and drafted the manuscript. ELA was involved in the design of the
study, prepared the randomization envelopes, conducted the statistical analysis,
was involved in the interpretation of the results, and was a major contributor in
writing the manuscript. DNR was involved in the collection of patient data and
statistical analysis, and helped to draft and revise the manuscript. LE was
involved in the collection of patient data, performed the MTM interventions,
and helped to draft and revise the manuscript. MH was involved in the
collection of patient data, performed the MTM interventions, and helped to
draft and revise the manuscript. RRM was involved in MTM interventions and
helped to draft and revise the manuscript. BBC was involved in MTM
interventions and helped to draft and revise the manuscript. GAJ was
involved in the design of the study, MTM interventions and interpretation of
the results, and was a major contributor in writing the manuscript. All authors
read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The study was approved by the Institutional Review Board at University of
Kentucky (IRB # 14-0461-P3H) and all participants provided signed informed
consent for participation.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Moga et al. Alzheimer's Research & Therapy  (2017) 9:36 Page 9 of 10

dx.doi.org/10.1186/s13195-017-0263-9


Author details
1Department of Pharmacy Practice and Science, College of Pharmacy,
University of Kentucky, 789 S Limestone Street, Room 241, Lexington, KY
40536, USA. 2Department of Epidemiology, College of Public Health,
University of Kentucky, 111 Washington Avenue, Lexington, KY 40536, USA.
3Sanders-Brown Center on Aging, 800 South Limestone Street, Lexington, KY
40536, USA. 4PRO2RX LLC Pharmacy Consulting Services, 336 Romany Rd,
Lexington, KY 40502, USA. 5Department of Neurology, College of Medicine,
University of Kentucky, 740 South Limestone Street, Lexington, KY 40536,
USA.

Received: 5 October 2016 Accepted: 4 May 2017

References
1. Lau DT, et al. Polypharmacy and potentially inappropriate medication use

among community-dwelling elders with dementia. Alzheimer Dis Assoc
Disord. 2010;24(1):56–63.

2. Fick DM, et al. Updating the Beers criteria for potentially inappropriate
medication use in older adults: results of a US consensus panel of experts.
Arch Intern Med. 2003;163(22):2716–24.

3. Gu Q, Dillon CF, Burt VL. Prescription drug use continues to increase: U.S.
prescription drug data for 2007-2008 NCHS data brief. NCHS Data Brief.
2010;(42):1–8.

4. Farrell B, Szeto W, Shamji S. Drug-related problems in the frail elderly. Can
Fam Physician. 2011;57(2):168–9.

5. Cummings JL, Back C. The cholinergic hypothesis of neuropsychiatric
symptoms in Alzheimer’s disease. Am J Geriatr Psychiatry. 1998;6(2 Suppl 1):
S64–78.

6. Lemstra AW, Eikelenboom P, van Gool WA. The cholinergic deficiency
syndrome and its therapeutic implications. Gerontology. 2003;49(1):55–60.

7. Sunderland T, et al. Anticholinergic sensitivity in patients with dementia of
the Alzheimer type and age-matched controls. A dose-response study. Arch
Gen Psychiatry. 1987;44(5):418–26.

8. Kay G, et al. Antimuscarinic drugs for overactive bladder and their potential
effects on cognitive function in older patients. J Am Geriat Soc. 2005;53(12):
2195–201.

9. Jewart RD, et al. Cognitive, behavioral, and physiological changes in
Alzheimer disease patients as a function of incontinence medications. Am
J Geriatr Psychiatry. 2005;13(4):324–8.

10. Siegel S. An introduction to the Medicare Prescription Drug, Improvement,
and Modernization Act of 2003. Health Care Law Mon. 2004:3–14.

11. Patterson SM, et al. Interventions to improve the appropriate use of
polypharmacy for older people. Cochrane Database Syst Rev. 2012;5:
CD008165.

12. Brown W, Maack B, Mehling M. Medication therapy management: teaming
with pharmacists for improved patient care. JAAPA. 2013;26(12):40–3.

13. Kersten H, et al. Cognitive effects of reducing anticholinergic drug burden
in a frail elderly population: a randomized controlled trial. J Gerontol A Biol
Sci Med Sci. 2013;68(3):271–8.

14. Steinman MA. Polypharmacy and the balance of medication benefits and
risks. Am J Geriatr Pharmacother. 2007;5(4):314–6.

15. American Geriatrics Society 2012 Beers Criteria Update Expert Panel.
American Geriatrics Society updated Beers Criteria for potentially
inappropriate medication use in older adults. J Am Geriatr Soc. 2012;60(4):
616–31.

16. Carnahan R, et al. The Anticholinergic Drug Scale as a measure of drug-
related anticholinergic burden: associations with serum anticholinergic
activity. J Clin Pharmacol. 2006;46:1481–6.

17. Chew ML, Mulsant BH, Pollock BG. Serum anticholinergic activity and
cognition in patients with moderate-to-severe dementia. Am J Geriatr
Psychiatry. 2005;13(6):535–8.

18. Morris JC. The Clinical Dementia Rating (CDR): current version and scoring
rules. Neurology. 1993;43(11):2412–4.

19. Gray SL, et al. Cumulative use of strong anticholinergics and incident
dementia: a prospective cohort study. JAMA Intern Med. 2015;175(3):401–7.

20. Hanlon JT, et al. A method for assessing drug therapy appropriateness. J
Clin Epidemiol. 1992;45(10):1045–51.

21. Salahudeen MS, Duffull SB, Nishtala PS. Anticholinergic burden quantified by
anticholinergic risk scales and adverse outcomes in older people: a
systematic review. BMC Geriatr. 2015;15:31.

22. Stewart AL, Ware Jr JE, Brook RH. Advances in the measurement of functional
status: construction of aggregate indexes. Med Care. 1981;19(5):473–88.

23. Bartsch LJ, et al. Examining the SF-36 in an older population: analysis of
data and presentation of Australian adult reference scores from the
Dynamic Analyses to Optimise Ageing (DYNOPTA) project. Qual Life Res.
2011;20(8):1227–36.

24. Gilson BS, et al. The sickness impact profile. Development of an outcome
measure of health care. Am J Public Health. 1975;65(12):1304–10.

25. Weinberger M, et al. An evaluation of a brief health status measure in
elderly veterans. J Am Geriatr Soc. 1991;39(7):691–4.

26. Hanlon JT, Schmader KE. The medication appropriateness index at 20:
where it started, where it has been, and where it may be going. Drugs
Aging. 2013;30(11):893–900.

27. Hanlon JT, et al. A randomized, controlled trial of a clinical pharmacist
intervention to improve inappropriate prescribing in elderly outpatients
with polypharmacy. Am J Med. 1996;100(4):428–37.

28. McDonough RP, et al. An evaluation of managing and educating patients on
the risk of glucocorticoid-induced osteoporosis. Value Health. 2005;8(1):24–31.

29. Gattis WA, et al. Reduction in heart failure events by the addition of a
clinical pharmacist to the heart failure management team: results of the
Pharmacist in Heart Failure Assessment Recommendation and Monitoring
(PHARM) Study. Arch Intern Med. 1999;159(16):1939–45.

30. Pitkala KH, et al. Education to reduce potentially harmful medication use
among residents of assisted living facilities: a randomized controlled trial. J
Am Med Dir Assoc. 2014;15(12):892–8.

31. Sellors J, et al. A randomized controlled trial of a pharmacist consultation
program for family physicians and their elderly patients. CMAJ. 2003;169(1):17–22.

32. Taylor CT, Byrd DC, Krueger K. Improving primary care in rural Alabama with
a pharmacy initiative. Am J Health Syst Pharm. 2003;60(11):1123–9.

33. Krska J, et al. Pharmacist-led medication review in patients over 65: a
randomized, controlled trial in primary care. Age Ageing. 2001;30(3):205–11.

34. Viswanathan M, Kahwati LC, Golin CE, et al. Medication Therapy
Management Interventions in Outpatient Settings [Internet]. Rockville:
Agency for Healthcare Research and Quality (US); 2014. (Comparative
Effectiveness Reviews, No. 138). Available from: https://www.ncbi.nlm.nih.
gov/books/NBK294489/.

35. Duran CE, Azermai M, Vander Stichele RH. Systematic review of
anticholinergic risk scales in older adults. Eur J Clin Pharmacol. 2013;69(7):
1485–96.

36. Naples JG, et al. Concordance between anticholinergic burden scales. J Am
Geriatr Soc. 2015;63(10):2120–4.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Moga et al. Alzheimer's Research & Therapy  (2017) 9:36 Page 10 of 10

https://www.ncbi.nlm.nih.gov/books/NBK294489/
https://www.ncbi.nlm.nih.gov/books/NBK294489/

	University of Kentucky
	UKnowledge
	5-23-2017

	Optimizing Medication Appropriateness in Older Adults: A Randomized Clinical Interventional Trial to Decrease Anticholinergic Burden
	Daniela C. Moga
	Erin L. Abner
	Dorinda N. Rigsby
	Lynne Eckmann
	Mark Huffmyer
	See next page for additional authors
	Repository Citation
	Authors
	Optimizing Medication Appropriateness in Older Adults: A Randomized Clinical Interventional Trial to Decrease Anticholinergic Burden
	Notes/Citation Information
	Digital Object Identifier (DOI)


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design
	Inclusion and exclusion
	Participant recruitment
	Randomization
	Study procedures
	Intervention
	Study endpoints
	Statistical analysis
	Power calculation

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

