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Abstract

Background Polypharmacy and inappropriate medications may be a modifiable risk factor for Alzheimer’s Disease
and Related Dementias (ADRD). Medication therapy management (MTM) interventions may mitigate medication-
induced cognitive dysfunction and delay onset of symptomatic impairment. The objective of the current study is to
describe an MTM protocol for a patient-centered team intervention (pharmacist and non-pharmacist clinician) in a
randomized controlled trial (RCT) directed at delaying the symptomatic onset of ADRD.

Methods Community dwelling adults 654 years, non-demented, using > 1 potentially inappropriate medications
(PIM) were enrolled in an RCT to evaluate the effect of an MTM intervention on improving medication appropriate-
ness and cognition (NCT02849639). The MTM intervention involved a three-step process: (1) pharmacist identified
potential medication-related problems (MRPs) and made initial recommendations for prescribed and over-the-coun-
ter medications, vitamins, and supplements; (2) study team reviewed all initial recommendations together with the
participants, allowing for revisions prior to the finalized recommendations; (3) participant responses to final recom-
mendations were recorded. Here, we describe initial recommendations, changes during team engagement, and
participant responses to final recommendations.

Results Among the 90 participants, a mean 6.7 + 3.6 MRPs per participant were reported. Of the 259 initial MTM rec-
ommendations made for the treatment group participants (N =46), 40% percent underwent revisions in the second
step. Participants reported willingness to adopt 46% of final recommendations and expressed need for additional
primary care input in response to 38% of final recommendations. Willingness to adopt final recommendations was
highest when therapeutic switches were offered and/or with anticholinergic medications.

Conclusion The evaluation of modifications to MTM recommendations demonstrated that pharmacists'initial MTM
recommendations often changed following the participation in the multidisciplinary decision-making process that
incorporated patient preferences. The team was encouraged to see a correlation between engaging patients and a
positive overall response towards participant acceptance of final MTM recommendations.

Trial registration Study registration number: clinicaltrial.gov NCT02849639 registered on 29/07/2016.
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Background

Many prior studies have provided evidence that med-
ication therapy management (MTM) can lead to
improved health and economic outcomes [1-4]. MTM
involves five core components: availability of a per-
sonal medication record, medication therapy review,
development of a medication-related action plan,
intervention and/or referral, and documentation and
follow-up of medication changes or lack thereof [5-7].
Though most MTM services share these five basic ele-
ments, there is heterogeneity in how these services are
operationalized. Specifically, there is variability in how
potentially inappropriate medications (PIMs) are iden-
tified, whether certain medications are targeted specifi-
cally, the types of recommendations made, and patient’s
acceptance of the proposed changes from an MTM
intervention. Additionally, patient and pharmacist
engagement with prescribing clinicians varies, [5-7]
though evidence shows that pharmacist-prescriber-cli-
nician teams engaging together in MTM activities
results in better medication optimization outcomes
[2, 8-10]. It is important to characterize MTM-related
services in collaborative practices in order to estimate
their impact on patient health outcomes, especially for
MTM services targeting vulnerable populations such as
older adults receiving PIMs.

We recently completed the INtervention for Cog-
nitive Reserve Enhancement in delaying the onset of
Alzheimer’s Symptomatic Expression (INCREASE)
study, a randomized controlled trial where we tested an
MTM intervention that actively involved the patient, a
board-certified geriatric pharmacy specialist (BCGP),
and a non-pharmacist clinician [11, 12]. INCREASE
was designed to evaluate the effect of the MTM inter-
vention on changes in medication appropriateness
and cognitive function; study data included compre-
hensive information on health history, medication use
and experience with medication taking, as well as the
process of implementing the MTM intervention. We
previously reported on the successful implementa-
tion of the MTM intervention that translated into an
improved medication appropriateness at the one-year
follow-up [12]. The current study characterizes the
stepwise process of delivering the MTM intervention
in the INCREASE trial with the goal of helping to fill
a qualitative gap in the literature surrounding MTM
interventions, specifically focused on patient-centered,
multidisciplinary approaches. The specific approach
described, including details of the process, provides

a model for future evidence based, multidisciplinary
MTM interventions that may be implemented ration-
ally in practice.

The objectives of the current manuscript are twofold:
(1) describe the recommendations made by the study
BCGPs using participant-reported medical and medi-
cation histories for all INCREASE participants, prior to
randomization to either the MTM intervention (specific
medication recommendations plus provision of edu-
cational materials on inappropriate medication use) or
usual care (i.e., only provision of educational materials
on inappropriate medication use), and (2) describe final
recommendations for patients randomized to the MTM
intervention. The second objective describes (a) revisions
to the preliminary baseline MTM recommendations
over the course of the intervention, and (b) participant
response to the MTM recommendations following the
intervention.

Methods
INCREASE study overview
The INCREASE study was arandomized controlled
trial enrolling community-dwelling adults 65 years and
older who did not have dementia and were using at least
one PIM as defined in the 2015 Beers Criteria (the most
recent version at the time of the study) [13]. Complete
details of the INCREASE protocol and results are avail-
able elsewhere and briefly described below [11, 12]. After
1:1 randomization that was stratified based on baseline
amyloid burden, participants randomized to the con-
trol group received usual care with educational pam-
phlets on medication appropriateness for older adults
and risks associated with polypharmacy. In addition
to educational materials, participants randomized to
the MTM intervention met with the BCGP and a non-
pharmacist study clinician (e.g., nurse practitioner, neu-
rologist) to discuss the baseline recommendations. This
meeting allowed for 1) participant education on risks,
benefits, and alternatives to optimize medication use;
and 2) the collection of additional relevant information,
including participant beliefs, preferences, and treatment
goals. During the MTM team meeting, final recommen-
dations were formalized, and the details of any relevant
revisions to the baseline recommendation were noted in
the pre-specified data collection forms.

The INCREASE study was approved by the University
of Kentucky Institutional Review Board (IRB #43239) and
all the study participants provided informed consent. The
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protocol for the study was registered on clinicaltrials.gov
(NCT02849639) on 29/07/2016, in accordance with the
relevant guidelines and regulations or in accordance with
the Declaration of Helsinki. Study data were collected
and managed using the Research Electronic Data Cap-
ture (REDCap), a secure, web-based software platform
designed to support data capture for research studies [14,
15].

Baseline recommendations (all INCREASE study
participants)

Before randomization, comprehensive medication reviews
were conducted by BCGPs for all participants using par-
ticipant-reported medical conditions and information on
dose, frequency, indication, duration of treatment, tolera-
bility, and adverse drug reactions for all prescription medi-
cations, vitamins, and supplements. The BCGP medication
review process involved 1) assessing the clinical appropri-
ateness of each medication using the Beers Criteria [13]
and Medication Appropriateness Index (MAI); [16] 2)
evaluating potential drug-drug and drug-disease interac-
tions in accord with the above and also taking into account
prescription label information; and 3) assessing whether
medication regimens followed relevant disease-specific
evidence-based guidelines [13, 17, 18]. Of note, blood labo-
ratory work results, electronic medical records, and previ-
ous therapies (e.g., medication failures) were not available
to BCGPs when devising baseline recommendations, but
were available to the clinician member of the MTM team.
Following randomization, the MTM recommendations
were only shared with those participants randomized to
the intervention group (N=46). Recommendations for the
control group were recorded in the study database but not
shared with those participants.

During the INCREASE study period, the pharmacy
team of two BCGPs utilized drug and health informa-
tion resources (e.g., Lexicomp and UpToDate [Wolters
Kluwer Health Inc. Riverwoods, IL]), Beers Criteria [13],
relevant guidelines (e.g., Diabetes Standards of Care [17]
and Clinical Practice Guidelines for Hypertension [18]),
and clinical judgement to justify their recommendations.
Each recommendation was reviewed by both BCGPs and
a consensus pharmacy recommendation was decided via
discussion. Detailed information for each recommen-
dation was then entered into a series of pre-specified
study protocol data collection forms, allowing for sys-
tematic categorization of recommendations as either:
1) medication discontinuation with or without taper-
ing; 2) switch to a different medication; 3) dose adjust-
ment (e.g., decrease dose, adjust dose for organ function/
tolerability, or increase dose); 4) new medication initia-
tion; 5) drug or disease monitoring recommendation (e.g.,
vital signs, falls risk, sedation); or 6) a non-pharmacologic
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recommendation (e.g., sleep hygiene, avoiding gas-
troesophageal reflux triggers, referral for diagnostic
workup). Baseline recommendations were also catego-
rized by pharmacologic class and over the counter (OTC)
or supplement status of the medication prompting a base-
line MTM recommendation. A full schematic for medi-
cation categorization is available in the supplementary
material (see Supplementary Table S1).

Final recommendations (MTM intervention group only)
After 1:1 stratified randomization, study pharmacists
met with the participant and study clinician to deliver
the MTM intervention. During the intervention, the
team gathered further information from the patient and
discussed baseline recommendations together, in-per-
son, with additional context provided by the participant
on their health status, needs, and preferences. Because
health status and medication use in participants may
have changed in the time between the baseline assess-
ment and the initial MTM recommendation, compari-
son of baseline to final recommendations was limited to
those baseline MTM recommendations that proposed
medication changes at the time of the initial MTM study
visit. The non-medication related recommendations
(see supplementary material for additional information)
were discussed during the team MTM intervention, but
they were not included in the present analysis.

Participant responses to each final MTM recommen-
dation for participants randomized to the MTM inter-
vention were collected at the conclusion of the initial
MTM intervention visit using a standardized form where
the participant selected his or her response to the recom-
mendation as 1) willing to change, 2) refusing to change,
3) needing to confer with a primary care provider or
other specialist (e.g., cardiologist), or 4) not applicable
(e.g., the participant had already discontinued the medi-
cation, dose adjustment was no longer warranted per
clinical judgement). In this manuscript we are describing
in detail the immediate participant response as recorded
following the baseline intervention. The impact of the
intervention on medication appropriateness is described
in detail elsewhere [12].

Results

Baseline characteristics

Of the 104 participants screened, 90 were eligible and
randomized in the INCREASE study. Of these, 46 partic-
ipants were randomized to the MTM intervention group.
The mean (SD) age at enrollment was 73.9 years (6.0). The
majority of the participants reported female gender (64%)
and white race (89%), with an average of 16.5 (2.8) years
of education. The mean Charlson Comorbidity Index
score was 1.9 (1.9), with participants reporting an average
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of 12.8 (4.8) total medications 2.4 (1.4) medications per
participant were identified as PIMs per 2015 Beers Crite-
ria. Supplementary Table S2 provides additional informa-
tion on baseline characteristics for all the participants in
the INCREASE study as well as for those randomized to
the MTM intervention.

Baseline recommendations (all INCREASE study
participants)

A totalof 602 pre-randomization recommendations
were made across the 90 INCREASE participants, aver-
aging 6.7 +3.3 MTM recommendations per participant
and ranging from 1 to 17 baseline recommendations per
participant (median [IQR] of 7 [4, 8.9]). Table 1 shows
the distribution of medication categories associated with
baseline recommendations and the types of recommen-
dations provided.

The most common class of medications with recom-
mendations were cardiometabolic agents (N=138,
23%), followed by medications for gastrointestinal con-
ditions (N=102, 17%), pain management (N=287, 15%),
anticholinergics (N=77, 13%), vitamins and supplements
(N=76, 13%), neuropsychiatric agents (N=67, 11%), and
other medications (N=55, 9%). Across all baseline rec-
ommendations, one-third (N=201, 33%) were prompted
by use of PIMs available on the US market as over-the
counter (OTC) products without a prescription. The

Table 1 Baseline MTM recommendations by medication
category' and recommendation type among all INCREASE trial
participants (N=90)

Recommendations MTM
recommendations
(total: N=602)
N %
Medication categoryt Cardiometabolic 138 22.9%
Gastrointestinal 102 16.9%
Pain management 87 14.5%
Anticholinergics 77 12.8%
Vitamins and supple- 76 12.6%
ments
Neuropsychiatric 67 11.1%
Other 55 9.1%
Recommendation type ~ Dose adjustment 170 28.2%
Switch to preferred agent 166 27.6%
Drug and disease moni- 101 16.8%
toring
Non-pharmacologic 77 12.8%
therapy
Discontinuation 45 7.5%
Initiation of new medication 43 7.1%

T See supplementary Table 51 for full listing of medication categories
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most frequent OTC medications included proton pump
inhibitors, vitamins/supplements, antihistamines, OTC
non-steroidal anti-inflammatories, aspirin, and H, recep-
tor antagonists.

The most common type of baseline recommendation
was continuation of therapy with dose adjustment (e.g.,
decrease pain medication dose, intensify antihypertensive
medication dose) (N=170, 28%). Second most common
were therapeutic switches toaless risky pharmaco-
therapeutic alternative (N=166, 28%; e.g., de-escalate
from a proton pump inhibitor to a H, receptor antago-
nist+ calcium-based antacid; switch from a first-genera-
tion to non-sedating second-generation antihistamine).
Monitoring (N=101, 17%) and non-pharmacologic rec-
ommendations (N="76, 13%) accounted for about one-
third of all baseline MTM recommendations. The most
frequent monitoring recommendations involved recom-
mending objective testing (e.g., blood pressure, blood
chemistry/organ function tests) and recording self-
reported measures (e.g., dizziness, pain). Non-phar-
macologic  recommendations most frequently involved
counseling for fall prevention strategies with and without
physical therapy referral, dietary and lifestyle changes
for gastrointestinal conditions, non-pharmacologic pain
management, and sleep hygiene.

Although recommendations to discontinue medica-
tions were relatively less frequent (N=46, 8%), those
medications most commonly associated with a baseline
MTM recommendation to discontinue included vita-
mins/supplements and medications with therapeutic
duplication (e.g., participant was taking two separate
antihistamines for seasonal allergies). All recommen-
dations for initiation of a new medication (N=43,
7%) involved treating an unmet clinical need and/or ini-
tiating a preventative medication, most often a guide-
line-recommended statin or aspirin in the setting of
cardiovascular risk factors.

Final recommendations (Intervention Group only)
Following randomization, INCREASE participants who
were assigned to MTM (N=46) met with the BCGP
and a non-pharmacist clinician. There were 296 baseline
recommendations across the MTM arm’s participants.
Of these, 37 recommendations (12.5%) proposed at
baseline did not relate directly to a medication change
and were therefore excluded from the final recommen-
dation analysis included in this manuscript. An account
of these 37 excluded recommendations is provided in
supplementary table S3. Finalized, unblinded MTM
recommendations that were directly related to a med-
ication change, comprised 259 of the original 602
blinded baseline recommendations, averaging 5.6 (SD
2.3) MTM recommendations per participant.



Smith et al. BMC Geriatrics (2023) 23:137

The distribution of final recommendations by medica-
tion category was as follows: cardiometabolic (N=58,
22%), pain management (N=42, 16%), vitamins and sup-
plements (N=38, 15%), anticholinergics (N=32, 12%),
gastrointestinal (N=32, 12%), neuropsychiatric (N=31,
12%), and other (N=26, 10%). The distribution of by
recommendation type was as follows: dose adjustment
(N=98, 38%), switch to preferred agent (N=92, 36%),
drug and disease monitoring (N=30, 12%), discontinu-
ation (N=26, 10%), and initiation of a new medication
(N=13, 5%).

Table 2 shows the results of the patient-pharmacist-
clinician team MTM interventions after randomization.
Less than half of the baseline recommendations were
revised through the team discussion and deliberation
process (N=104, 40%). Baseline recommendations were
least likely to be revised for vitamins/supplements and
cardiometabolic medications, or with a recommended
dose adjustment or new initiation. Conversely, baseline
recommendations were the most likely to be revised
when involving GI therapy and pain management medi-
cations, or for recommended medication monitoring or
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discontinuation. The most frequent reasons for revisions
were due to missing information relevant to the par-
ticipant’s medical history (e.g., a missing diagnosis for
Barrett’s esophagus warranting proton pump inhibitor
use) and/or missing medication information (e.g., previ-
ous failure or intolerability of a guideline-preferred phar-
macotherapeutic agent).

Upon receiving the finalized MTM recommendations,
participants responded about half the time that they were
willing to make the changes proposed (N=118, 46%),
and often needed to confer with a primary care provider
or other clinical specialist (N=99, 38%) before mak-
ing a decision, but rarely refused to make the proposed
changes (N=15,6%). In some cases (N=27, 10%), the
recommendation was no longer clinically relevant and
participant responses were recorded as not applicable.
Lack of applicability arose from medication use having
been appropriately modified since baseline medication
use information was collected (N=11), or from the pro-
posed medication change no longer being clinically rel-
evant given additional information from the participant
and/or MTM team discussion (N=16). A full account of

Table 2 Revision status of MTM recommendations through intervention delivery, and participant responses to final MTM
recommendations by medication category and recommendation type (N=259 final recommendations) among INCREASE

intervention group participants (N =46 participants)

Recommendations Recommendation was

Participant response to final MTM recommendation after revision, if

revised during the MTM  applicable
intervention
Willing to Must first confer with ~ Refusal to Not
change another provider* change applicable**
(N=118) (N=99) (N=15) (N=27)
N (%) N (%) N (%) N (%) N (%)
Medication category Cardiometabolic (N=58) 19 (33%) 19 (33%) 27 (47%) 1 (2%) 11 (19%)
Pain management 23 (55%) 20 (48%) 15 (36%) 4 (10%) 3(7%)
(N=42)
Vitamins and supple- 11 (29%) 20 (53%) 12 (32%) 4 (11%) 2 (5%)
ments (N=38)
Anticholinergics (N=32) 13 (41%) 19 (59%) 10 (31%) 1 (3%) 2 (6%)
Gastrointestinal (N=32) 19 (59%) 14 (44%) 15 (47%) 1 (3%) 2 (6%)
Neuropsychiatric (N=31) 13 (42%) 12 (39%) 16 (52%) 1 (3%) 2 (6%)
Other (N=26) 6 (23%) 14 (54%) 4 (15%) 3(12%) 5(19%)
Recommendation type Dose adjustment 36 (37%) 38 (39%) 44 (45%) 4 (4%) 12 (12%)
(N=98)
Switch to preferred 45 (49%) 48 (52%) 34 (37%) 3 (3%) 7 (8%)
agent (N=92)
Drug and disease moni- 9 (30%) 14 (47%) 8 (27%) 2 (7%) 6 (20%)
toring (N=30)
Discontinuation (N=26) 9 (35%) 13 (50%) 8 (31%) 5(19%) 0 (0%)
Initiation (N=13) 5 (38%) 5(38%) 5(38%) 1 (8%) 2 (15%)

2 Cell percentages are displayed as a percent of the row total

" Another provider could be a primary care physician, specialist such as a cardiologist, or other non-study prescribing clinician

** Reasons for lack of applicability included medication use having been appropriately modified since baseline medication use information was collected, or the
proposed medication change was no longer clinically relevant given additional information from the participant and/or MTM team discussion
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these 27 recommendations in provided in supplementary
table S4.

Participant willingness to adopt recommended
MTM changes was highest for vitamins/supplements
and anticholinergic agents, and for recommendations
involving a pharmacotherapeutic switch. Participants
most often responded that they needed to confer with
a primary care provider or other specialist when the
MTM recommendations included psychiatric, GI, and
cardiometabolic medications, or for dose adjustments
or medication switches. Participant refusal to adopt
final recommended changes (N=15, 6%) was low across
all medication categories and recommendation types
in the INCREASE trial MTM intervention. Refusal was
highest among recommendations involving vitamins
and supplements (N=4) or pain management (N=4),
as well as for recommendations involving medication
discontinuation (N=5).

Discussion

This study describes MTM recommendations for partici-
pants enrolled in the INCREASE trial. The most common
medication categories flagged at baseline included 1)
cardiometabolic medications, 2) gastrointestinal medi-
cations, 3) pain management medications, 4) anticholin-
ergics, and 5) vitamins/supplements. The most common
types of recommendations made at baseline were 1) dose
adjustments and 2) switches to more appropriate thera-
peutic alternatives.

Notably, BCGP recommendations were not strictly
medication related. In this study, many MTM recom-
mendations did not directly involve a medication change,
but rather addressed other potential medical problems
(e.g., disease monitoring, referral for diagnostic workup
or physical therapy, addition of non-pharmacologic
therapies). Each of the top five medication categories
identified in the analysis for baseline recommendations
included at least some OTC medication options, and
one-third of baseline MTM recommendations involved
a medication available OTC. OTC products are available
without a prescription and were identified frequently
as PIMs (13% of all baseline recommendations and 15%
of final recommendations). Thus, our study points to
the importance of educating patients on the risk—ben-
efit profile of OTCs and the role of pharmacists in OTC
stewardship.

Among the final MTM recommendations analyzed,
40% underwent revision compared to the baseline MTM
recommendation provided. This reflects the potential for
several factors to influence recommendations as more
information is gathered in a multidisciplinary MTM
intervention. Notably, input from the patient on previous
therapies, medication tolerability, feasibility/adherence,
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and condition severity may help inform the MTM team’s
final decision-making process. Our results demonstrate
that engaging the patient in a team-based intervention
may result in patient-motivated revisions to baseline
recommendations. This comparison of pre-intervention
recommendations to final recommendations after team
deliberation has not been discussed in previous literature.

Participant responses indicated willingness to make
recommended changes about half of the time and a need
to confer with a primary care provider or other clinical
specialist about one third of the time. This was inter-
preted as generally positive, since participants were most
often willing to either accept the final recommendation
as specific, or to further engage with another healthcare
provider to seek additional medical advice. While par-
ticipant refusal to change was generally low, our findings
suggest that patients may be less willing to adopt MTM
recommendations for certain categories of medications
or for certain recommendation types. Previous literature
has addressed acceptability of MTM recommendations
[19-23]; however, the recommendation type and medica-
tion category have not been described in relation to par-
ticipant willingness to make changes. Further research is
needed to determine if willingness to adhere long-term
to recommendations is impacted by the type of recom-
mendation and medication in question.

Though extensive medication and medical histories
were collected from participants, the baseline recom-
mendations were limited to self-reported information
before randomization, and complete clinically relevant
information was not always available to the BCGP at
baseline (e.g., renal function from an electronic medical
record). This finding indicates that pharmacists engaged
in MTM processes need access to relevant clinical infor-
mation and an opportunity for direct engagement with
prescribers and the patient who have first-hand knowl-
edge of such clinical variables. In addition, chart review
may not capture all information necessary to make a
patient-centered MTM recommendations, which has not
been reviewed in previous literature [19-23]. As health
status, medication use and tolerability change over time,
there is a need to routinely review previous recommen-
dations and adjust them as needed to reflect the patient’s
current needs.

There are several limitations to this study. The 2015
Beers Criteria [13]. was used in the study, which was
the latest version at the time of the study. During the
INCREASE trial, updated Beers Criteria were published
by the American Geriatrics Society in 2019 [24]. As an
example, the 2015 Beers Criteria recommended caution
in aspirin use for primary cardiovascular event preven-
tion among adults aged > 80 years. In contrast, the 2019
Beers Criteria expanded the recommendation to caution
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in aspirin use for both primary cardiovascular event and
colorectal cancer prevention for adults aged>70 years.
This may limit generalizability as medical treatments,
guidelines, and prescribing patterns evolve over time in
response to scientific evidence. Another limitation of this
descriptive study was that the INCREASE participant
experiences may not be generalizable to populations that
have different distributions of demographic and health
characteristics. Similarly, local prescribing practices and
the use of PIMs observed in the INCREASE trial may not
be representative of the entire US population today. Addi-
tionally, the number of study pharmacists and prescrib-
ing clinicians was small. Ability for multiple pharmacists
to independently review and adjudicate the categoriza-
tion of MTM recommendations would strengthen future
studies. Though this study adds to the body of descriptive
literature on baseline MTM trial recommendations, fur-
ther studies in diverse populations are needed to identify
culturally appropriate MTM strategies, as well as to allow
a more detailed examination of prescribing inequities that
might influence MTM outcomes over time. When teams
gather to critically evaluate an individual’s medication
use process (i.e., diagnostician/prescriber, dispenser, and
medication user), open dialogue may facilitate transpar-
ency in strategic medication use decisions. Negotiation
of an evidence-based approach to medication use should
be to the individual’s unique combination of diseases,
medications, clinical status, and very importantly — per-
sonal preference that may have its roots in cultural/social/
racial/ethnic diversity.

It is important to note that not all MTM interventions
are equivalent. The INCREASE trial modeled its inter-
vention on a foundation of multidisciplinary team inter-
action with active participant engagement. This is often
beyond the scope of traditional, community pharmacy-
based MTM models in practice today. The present
results suggest that medical advice from a patient-cen-
tered team with multiple healthcare perspectives is both
appealing to patients and may elicit a stronger patient
acceptance of MTM recommendations. Further stud-
ies characterizing patient responses to different MTM
models are needed to determine whether the qualities
such as mode of delivery and multidisciplinary involve-
ment impact long-term recommendation adherence,
and/or influences patient outcomes.

Conclusion

Multidisciplinary interventions such as the pharmacist-
clinician-patient MTM team used in the INCREASE
study may hold promise for improving health-related
outcomes among community dwelling persons. Thor-
ough characterization of MTM interventions is needed
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to specifically describe the nuances of MTM approaches
for making recommendations. It is also critical for guid-
ing future endeavors in the area of MTM science. The
present data demonstrate that the recommendations sug-
gested by patient-centered multidisciplinary healthcare
teams can be dynamic and complex, and that participant
responses may vary depending on the medication tar-
geted and the type of recommendation proposed.

Abbreviations
AD Alzheimer's disease

ADRD Alzheimer’s disease and related dementias

BCGP Board-certified geriatric pharmacist

INCREASE  INtervention for cognitive reserve enhancement in delaying the
onset of Alzheimer's symptomatic expression

MRP Medication-related problem

MTM Medication therapy management

PIM Potentially inappropriate medication

UKIRB University of Kentucky Institutional Review Board

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512877-023-03876-4.

Additional file 1: Supplementary Table S1. Medication categorization
schematic for medications prompting baseline medication recom-
mendations in the INCREASE trial. Supplementary Table S2. Baseline
characteristics of all INCREASE trial participants, and those randomized to
the MTM intervention. Supplementary Table S3. Full account of baseline
recommendations for the MTM intervention arm that were excluded from
final recommendation analysis (N=37). Supplementary Table S4. Full
account of final recommendations designated as not applicable (N=27)

Acknowledgements

The authors would like to thank the participants and their study partners,
without whom this study would not have been possible. In addition, the
authors would like to thank Dr. Shani Bardach and Mr. Hardin Stevens for
supporting the recruitment efforts for the study, and Mrs. Teri Timmons for
providing administrative support for the study.

Authors’ contributions

Noah I Smith: Conceptualization, Methodology, Analysis, Interpretation of data,
Writing—Original Draft. Ashley | Martinez: Conceptualization, Methodology,
Analysis, Interpretation of data, Writing—Review & Editing. Mark Huffmyer:
Conceptualization, Data collection, Interpretation of data, Writing—Review

& Editing. Lynne Eckmann: Conceptualization, Data collection, Interpretation
of data, Writing—Review & Editing. Rosmy George: Data collection, Writing—
Review & Editing. Erin L Abner: Conceptualization, Methodology, Analysis,
Writing—Review & Editing, Supervision. Gregory A Jicha: Conceptualization,
Methodology, Analysis, Interpretation of data, Resources, Writing—Review

& Editing, Supervision, Project administration, Funding acquisition. Daniela

C Moga: Conceptualization, Methodology, Analysis, Interpretation of data,
Resources, Writing—Review & Editing, Supervision, Project administration,
Funding acquisition. The author(s) read and approved the final manuscript.

Funding

This study was supported by an unrestricted grant from the National Institutes
of Health/National Institute on Aging (R0T AG054130). Additional support was
provided by the University of Kentucky Center for Clinical and Translational
Sciences (UL1TR000117).

Availability of data and materials
Data collected will be shared upon reasonable request from corresponding
author.


https://doi.org/10.1186/s12877-023-03876-4
https://doi.org/10.1186/s12877-023-03876-4

Smith et al. BMC Geriatrics (2023) 23:137

Declarations

Ethics approval and consent to participate

« University of Kentucky: The INCREASE study was approved by the University
of Kentucky Institutional Review Board (IRB #43239). All participants provided
informed consent for participation.

« International guidelines: The protocol for the study was registered on clini-
caltrials.gov (NCT02849639) on 29/07/2016, in accordance with the relevant
guidelines and regulations or in accordance with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
Authors declare no conflict of interest with the work presented in this
manuscript.

Author details

"University of Kentucky College of Pharmacy, Lexington, KY, USA. “Harvard
Pilgrim Health Care Institute and Harvard Medical School, Boston, MA, USA.
3University of Kentucky Healthcare, Lexington, KY, USA. “LLC Consulting Ser-
vices, Lexington, KY PRO2RX, USA. *Sanders-Brown Center On Aging, Univer-
sity of Kentucky, Lexington, KY, USA. University of Kentucky College of Public
Health, Lexington, KY, USA. ”University of Kentucky College of Medicine, 789 S
Limestone, Lexington, KY 40536, USA.

Received: 15 August 2022 Accepted: 6 March 2023
Published online: 10 March 2023

References

1. Barnett M, Frank J, Wehring H, et al. Analysis of Pharmacist-provided
medication therapy management (MTM) services in community pharma-
cies over 7 years. J Manag Care Pharm. 2009;15(1):18-31. https://doi.org/
10.18553/jmcp.2009.15.1.18.

2. Lin HW, Lin CH, Chang CK, et al. Economic outcomes of pharmacist-
physician medication therapy management for polypharmacy elderly:

A prospective, randomized, controlled trial. J Formos Med Assoc.
2018;117(3):235-43. https://doi.org/10.1016/j,/fma.2017.04.017.

3. LiuM,LiuJ, Geng Z, Bai S. Evaluation of outcomes of medication therapy
management (MTM) services for patients with chronic obstructive
pulmonary disease (COPD). Pak J Med Sci. 2021;37(7):1832-6. https://doi.
0rg/10.12669/pjms.37.7.4518.

4. HuiRL, Yamada BD, Spence MM, Jeong EW, Chan J. Impact of a Medicare
MTM program: evaluating clinical and economic outcomes. Am J Manag
Care. 2014;20(2):e43-51.

5. Bluml BM. Definition of medication therapy management: development
of professionwide consensus. J Am Pharm Assoc. 2005;45(5):566-72.
https://doi.org/10.1331/1544345055001274.

6. Agency for Healthcare Research and Quality. Evidence-based Practice
Center Systematic Review Protocol Project Title: Medication Therapy
Management. Published online July 24, 2013. https://effectivehealthcare.
ahrg.gov/sites/default/files/pdf/medication-therapy-management_resea
rch-protocol.pdf. Accessed 1 Feb 2022.

7. Pellegrino AN, Martin MT, Tilton JJ, Touchette DR. Medication Therapy
Management Services: Definitions and Outcomes. Drugs. 2009;69(4):393-
406. https://doi.org/10.2165/00003495-200969040-00001.

8. Isetts BJ, Buffington DE, Carter BL, Smith M, Polgreen LA, James PA. Evalu-
ation of pharmacists'work in a physician-pharmacist collaborative model
for the management of hypertension. Pharmacother J Hum Pharmacol
Drug Ther. 2016;36(4):374-84. https://doi.org/10.1002/phar.1727.

9. St Peter WL, Farley TM, Carter BL. Role of collaborative care models
including pharmacists in improving blood pressure management
in chronic kidney disease patients. Curr Opin Nephrol Hypertens.
2011;20(5):498-503. https://doi.org/10.1097/MNH.0b013e32834902c8.

10. Hwang AY, Gums TH, Gums JG. The benefits of physician-pharmacist col-
laboration. J Fam Pract. 2017;66(12):E1-8.

Page 8 of 8

11. Moga DC, Beech BF, Abner EL, et al. INtervention for Cognitive Reserve
Enhancement in delaying the onset of Alzheimer’s Symptomatic Expression
(INCREASE), a randomized controlled trial: rationale, study design, and proto-
col. Trials. 2019;20(1):806. https:.//doi.org/10.1186/513063-019-3993-0.

12. Moga DC, Abner EL, Schmitt FA, et al. Intervention for Cognitive Reserve
Enhancement in Delaying the Onset of Alzheimer’s Symptomatic Expres-
sion (INCREASE) Study: Results from a Randomized Controlled Study
of Medication Therapy Management Targeting a Delay in Prodromal
Dementia Symptom Progression. J Prev Alzheimers Dis. 2022,9(4):646-54.

13.  American Geriatrics Society 2015 Beers Criteria Update Expert Panel.
American Geriatrics Society 2015 Updated Beers Criteria for Poten-
tially Inappropriate Medication Use in Older Adults. J Am Geriatr Soc.
2015;63(11):2227-2246. https://doi.org/10.1111/jgs.13702

14. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—A metadata-driven methodology
and workflow process for providing translational research informatics
support. J Biomed Inform. 2009;42(2):377-81. https://doi.org/10.1016/].
jbi.2008.08.010.

15. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: Building an
international community of software platform partners. J Biomed Inform.
2019;95:103208. https://doi.org/10.1016/j,j0i.2019.103208.

16. 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. https://doi.org/10.1007/540266-013-0118-4.

17. American Diabetes Association. Standards of Medical Care in Dia-
betes-2019 Abridged for Primary Care Providers. Clin Diabetes.
2019;37(1):11-34. https://doi.org/10.2337/cd18-0105.

18. Casey DE, Thomas RJ, Bhalla V, et al. 2019 AHA/ACC Clinical Performance
and Quality Measures for Adults With High Blood Pressure: A Report
of the American College of Cardiology/American Heart Association
Task Force on Performance Measures. Circ Cardiovasc Qual Outcomes.
2019;12(11):000057. https://doi.org/10.1161/HCQ.0000000000000057.

19. Brown LM, Rashrash ME, Schommer JC. The certainty in consumers’
willingness to accept pharmacist-provided medication therapy manage-
ment services. J Am Pharm Assoc. 2017;57(2):211-6. https://doi.org/10.
1016/jjaph.2017.02.012.

20. Schumacher L, Coe AB, Lester CA, Rothermal M, Dorsch MP. Factors that
influence patient acceptance of clinical pharmacy services: A nationwide
survey. J Am Pharm Assoc. 2020;60(6):1058-1067.e4. https://doi.org/10.
1016/jjaph.2020.08.042.

21. Carter SR, Moles RJ, White L, Chen TF. Consumers' willingness to use a
medication management service: The effect of medication-related worry
and the social influence of the general practitioner. Res Social Adm
Pharm. 2013,9(4):431-45. https://doi.org/10.1016/j.sapharm.2012.07.001.

22. Arnoldussen DL, Keijsers K, Drinkwaard J, Knol W, van Marum RJ. Older
Patients' Perceptions of Medicines and Willingness to Deprescribe. sr care
pharm. 2021,36(9):444-54. https://doi.org/10.4140/TCPN.2021.444.

23. Chock YL, Wee YL, Gan SL, Teoh KW, Ng KY, Lee SWH. How Willing Are
Patients or Their Caregivers to Deprescribe: a Systematic Review and
Meta-analysis. J GEN INTERN MED. 2021;36(12):3830-40. https://doi.org/
10.1007/511606-021-06965-5.

24. By the 2019 American Geriatrics Society Beers Criteria® Update Expert
Panel. American geriatrics society 2019 updated AGS beers criteria® for
Potentially inappropriate medication use in older adults. J Am Geriatr Soc.
2019,67(4):674-94. https://doi.org/10.1111/jgs.15767.

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


https://doi.org/10.18553/jmcp.2009.15.1.18
https://doi.org/10.18553/jmcp.2009.15.1.18
https://doi.org/10.1016/j.jfma.2017.04.017
https://doi.org/10.12669/pjms.37.7.4518
https://doi.org/10.12669/pjms.37.7.4518
https://doi.org/10.1331/1544345055001274
https://effectivehealthcare.ahrq.gov/sites/default/files/pdf/medication-therapy-management_research-protocol.pdf
https://effectivehealthcare.ahrq.gov/sites/default/files/pdf/medication-therapy-management_research-protocol.pdf
https://effectivehealthcare.ahrq.gov/sites/default/files/pdf/medication-therapy-management_research-protocol.pdf
https://doi.org/10.2165/00003495-200969040-00001
https://doi.org/10.1002/phar.1727
https://doi.org/10.1097/MNH.0b013e32834902c8
https://doi.org/10.1186/s13063-019-3993-0
https://doi.org/10.1111/jgs.13702
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1007/s40266-013-0118-4
https://doi.org/10.2337/cd18-0105
https://doi.org/10.1161/HCQ.0000000000000057
https://doi.org/10.1016/j.japh.2017.02.012
https://doi.org/10.1016/j.japh.2017.02.012
https://doi.org/10.1016/j.japh.2020.08.042
https://doi.org/10.1016/j.japh.2020.08.042
https://doi.org/10.1016/j.sapharm.2012.07.001
https://doi.org/10.4140/TCP.n.2021.444
https://doi.org/10.1007/s11606-021-06965-5
https://doi.org/10.1007/s11606-021-06965-5
https://doi.org/10.1111/jgs.15767

	Acceptability of patient-centered, multi-disciplinary medication therapy management recommendations: results from the INCREASE randomized study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Background
	Methods
	INCREASE study overview
	Baseline recommendations (all INCREASE study participants)
	Final recommendations (MTM intervention group only)

	Results
	Baseline characteristics
	Baseline recommendations (all INCREASE study participants) 
	Final recommendations (Intervention Group only)

	Discussion
	Conclusion
	Anchor 19
	Acknowledgements
	References


