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Abstract

Background/Objective: As pharmacists work to ensure reimbursement for chronic disease
management services on the national level, evidence of their impact on important health metrics,
such as medication adherence, is needed. However, summative evidence is lacking on the
effectiveness of pharmacists to improve medication adherence in older adults. The objective was
to assess the effectiveness of pharmacist-led interventions on medication adherence in older adults
(65+ years).

Design/Setting/Participants: Using a systematic review and meta-analytic approach, a
comprehensive search of publications in PubMed, Scopus, CINAHL, Cochrane Central Register of
Controlled Trials, Cochrane Database of Systematic Reviews, and Google Scholar was conducted
through April 2, 2020 for randomized clinical trials of pharmacist-led interventions to improve
medication adherence in older adults. A standardized mean difference effect size (Cohen’s d)

was calculated for medication adherence in each study. Study effect sizes were pooled using a
random-effects model, with effect sizes weighted by inverse of its total variance.

Measurements: Medication adherence using any method of measurement.

Results: Among 40 unique randomized trials of pharmacist-led interventions with data from
8,822 unique patients (mean age, range: 65 to 85 years), the mean effect size was 0.57 (k=40; 95%
Confidence Interval [CI]: 0.38-0.76). When two outlier studies were excluded from analysis, the
mean effect size reduced to 0.41 (k=38; 95% CI: 0.27-0.54). A sensitivity analysis of medication
adherence outcome by time point resulted in a mean effect size of 0.64 at three months (k=12;
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95% ClI: 0.32-0.97), 0.30 at six months (k=13; 95% CI: 0.11-0.48), 0.22 at 12 months (k=12; 95%
Cl: 0.08-0.37), and 0.36 for outcome time points beyond 12 months (k=5; 95% CI: 0.02-0.70).

Conclusion: This meta-analysis found a significant improvement in medication adherence
among older adults receiving pharmacist-led interventions. Implementation of pharmacist-led
interventions supported by Medicare reimbursement could ensure older adults’ access to effective
medication adherence support.
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INTRODUCTION

Medication non-adherence is a common and costly global health care problem.1:2 In the
United States alone, it is estimated that medication non-adherence causes nearly 125,000
deaths per year.3 Older adults take more medications than their younger counterparts and
consequently are at high risk of medication non-adherence.* Ten percent of hospitalizations
and 23% of nursing home admissions are linked to non-adherence, and medication non-
adherence directly costs the United States health care system over $100 billion annually.3
Moreover, older adults face unique barriers to medication adherence, including cognitive
impairment, age-related sensory deficits, and polypharmacy resulting from the presence of
multiple chronic conditions.>8 Thus, improving medication adherence in older adults is a
priority of clinicians and policy makers, as well as patients and their caregivers.

Pharmacists are the most accessible healthcare provider. Among approximately 680,000
active Medicare beneficiaries in 2016, the median number of visits to community
pharmacies was more than twice as high as encounters with primary care physicians (13

vs 7). Given the frequency of contact with older adults and advanced clinical training,
pharmacists are well-positioned to deliver chronic disease management services, including
identifying barriers to and improving medication adherence.® However, pharmacists’ ability
to improve older adult health is hindered because Medicare does not recognize them as
health care providers or provide them reimbursement for such services.® Medicare Part D
pays pharmacies for an annual medication review to reduce drug costs, but this falls short
of ongoing chronic disease management. As pharmacists work to ensure reimbursement

for chronic disease management services on the national (e.g., Medicare) and state levels,
robust evidence of their impact on important health metrics, such as medication adherence,
is needed. Previous systematic reviews in general adult samples have reported beneficial
effects of pharmacist-led interventions on medication adherence.1%-12 However, to the best
of our knowledge, the literature on pharmacist-led interventions to improve medication
adherence in older adults across health conditions has not yet been systematically examined.

To summarize published literature and estimate the treatment effect, we conducted a
comprehensive and contemporary systematic review and meta-analysis to assess the
effectiveness of pharmacist-led interventions on medication adherence in older adults (65+
years). We also sought to better understand potential mechanisms for any beneficial effects
through moderator analyses of key intervention characteristics.
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METHODS

Standard systematic review and meta-analysis methods were used to conduct and report
this project in accordance with PRISMA guidelines.13 The protocol was registered with
PROSPERO (CRD42020175323).

Information sources and search

An experienced reference librarian was consulted to conduct searches. Searches were run
using both controlled vocabulary (i.e., MeSH terms) and keywords in the title or abstract
fields. The following databases were searched: PubMed, Scopus, CINAHL, Cochrane
Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, and
Google Scholar. Databases were searched from inception through April 2, 2020. No
limitations were put on the search in terms of language, date of publication, or geography. A
reproducible search strategy can be found in Supplementary Methods.

Eligibility criteria and study selection

We included reports of published studies testing pharmacist-led interventions to improve
older adults’ (mean age 65+ years) adherence to prescribed medications. We excluded
samples focusing on persons with major psychiatric or substance abuse problems, as well as
incarcerated/institutionalized persons. These special populations often have unique barriers
to adherence or are not directly responsible for managing their medication.

Diverse adherence interventions were eligible for inclusion. Studies with varied measures of
adherence (e.g., electronic cap devices, pharmacy refills) were included. We did not exclude
studies based on the type of adherence measure used. If multiple measures of adherence
were reported, we coded all measures of adherence. We did not exclude studies based on
the type of medication for which adherence was measured. Studies reported in English were
included. We only included those studies using a randomized controlled design and those
reporting medication adherence data from which we could calculate an effect size.

Outcomes

The primary outcome was medication adherence, reported as the standardized mean
difference effect size. For studies in which multiple measures of adherence were reported,
we prioritized objective over subjective measures for analysis. Secondary outcomes (when
reported) included: health condition-specific measures of disease control (e.g., blood
pressure, hemoglobin Alc), hospital admission/readmission, mortality, and quality of life.
The effect measures for secondary outcomes varied depending on outcomes reported.

Data extraction

Initial search results were screened by two members of the research team. In this screening,
titles and abstracts were read to evaluate whether the study included a pharmacist-led
intervention to improve medication adherence. Any possibly eligible citations were marked
for full text retrieval. The full texts of possibly eligible studies were then reviewed, and the
reasons for ineligibility were noted in the study tracking database (Covidence).

JAm Geriatr Soc. Author manuscript; available in PMC 2022 November 01.
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We developed a data extraction codebook for this project. The coding frame was used

to record results of primary studies, as well as characteristics of sources, primary study
participants, research methods, and interventions. To establish that data were coded reliably,
two trained coders independently extracted data, which was then compared between coders
to achieve 100% agreement. Any disagreements were resolved via a third person. Data were
coded at a micro level to enhance validity.

Electronic coding forms and databases were used to reduce errors and facilitate data
comparison to check for accuracy.

The codebook included study year, mean age, sex, race/ethnicity, geographic location,
selective inclusion of subjects with adherence problems, presence of cognitive

impairment, health characteristics, and number of prescribed medications. Research design
characteristics included adherence measures, nature of control groups, and use of intention-
to-treat (ITT) analyses. We coded details about interventions, including intervention delivery
mechanisms, dose, and location/setting. Intervention content characteristics (e.g., barriers
management, prompts) were extensively coded.

In addition to the main codebook, each included study was evaluated using the pharmacist
patient care services intervention reporting (PaCIR) checklist.1 PaCIR is designed to

guide authors to include sufficient intervention details so as to improve the consistency

in medical literature reporting of pharmacists’ patient care interventions. There are 9 critical
elements included in PaCIR that are evaluated: replicability, patient population, patient/other
data sources, environment, delivery, frequency and duration, pharmacist role/responsibility,
attribution, and unique attributes. For each element, coders indicated if it is “applicable/
present”, “applicable/absent”, or “not applicable.” PaCIR is designed to supplement (not
replace) the primary reporting guideline (e.g., PRISMA).

Risk of bias assessment

Study quality was addressed in two ways. First, two members of the research team
independently evaluated included studies using the Cochrane risk of bias tool.1° Risk of

bias was assessed for the primary outcome — medication adherence. Second, we considered
methodological quality as an empirical question, coding data about aspects of study quality
and potential risks for bias, and then analyzed that data in moderator analyses to see whether
potential risks for bias were significantly related to study effect size.

Statistical analyses

Study characteristics were described using descriptive statistics. Meta-analyses were
conducted using Comprehenive Meta-Analysis software (Biostat, Inc., Englewood, NJ,
USA). For each study, a standardized mean difference effect size (Cohen’s @) was calculated
for continuous variable outcomes (medication adherence, quality of life, blood pressure),
and a relative risk was calculated for dichotomous outcomes (readmission, mortality).

Study effect sizes were pooled using a random-effects model. The random-effects model
was chosen a priori due to the expected heterogeneity in samples and interventions common
in health behavior intervention research.16 Each study’s effect size was weighted by the
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inverse of its total variance (sampling variance plus the calculated between-study variance,
or 72). Studies with significant standardized residuals were examined as potential outliers.
Heterogeneity was assessed using the heterogeneity statistic, Q, as well as £, which
indicates the proportion of unexplained between-study heterogeneity in the meta-analysis.
Publication bias was assessed visually using funnel plots and statistically with Egger’s
test.1’

Moderator analyses were conducted using subgroup analyses for categorical variables and
meta-regression for continuous variables. Subgroup analyses required a minimum of five
studies per group.18

Our literature searches resulted in 4,708 citations. After removing 994 duplicates, the titles
and abstracts of 3,714 studies were screened, yielding 529 potentially eligible studies for
full-text review. Of these, 489 were excluded, resulting in a sample of 40 eligible studies (k)
for analysis, reporting outcome data for 8,822 participants (7). The study screening process,
with reasons for exclusion, is outlined in Figure 1.

Primary Study Characteristics

The 40 eligible studies were published between 1994 and 2019. Mean sample ages ranged
from 65 to 85 years. Nearly half of the studies were conducted in either the USA (4=10) or
the UK (4=9). The median percentage of women in the samples was 52.2 (range: 0-100).
Race and ethnicity were seldom reported. Individual study characteristics can be found in
Supplementary Table 1.

Overall Effect Sizes

For the most distal medication adherence outcome in each study, the mean effect size was
0.57 (k=40; 95% Confidence Interval [CI]: 0.38-0.76) (Figure 2). However, two studies
were statistical outliers, with significant standardized residuals.1?-20 When these studies
were excluded from the analysis, the mean effect size reduced to 0.41 (k=38; 95% CI:
0.27-0.54). Secondary outcome effect sizes for quality of life (Figure 3), blood pressure,
mortality, and hospitalizations/readmissions are reported in Table 1 (Supplementary Figures
1-3). Pharmacist-led interventions had statistically significant beneficial effects on quality
of life (k=11; mean effect size: 0.29; 95% CI: 0.04-0.55) as well as systolic (k=8; mean
effect size: 0.42; 95% CI: 0.10-0.73) and diastolic blood pressure (A=8; mean effect

size: 0.35; 95% CI: 0.03-0.68). Pharmacist-led interventions were associated with reduced
hospitalizations/readmissions and mortality, although these effects were not statistically
significant. Hemoglobin Alc was not reported in enough studies for analysis.

Because the effects of health behavior interventions tend to wane with time, we performed
a sensitivity analysis of medication adherence outcome by time point (Table 2). Mean effect
size was 0.64 at three months (4=12; 95% CI: 0.32-0.97), 0.30 at six months (k=13; 95%
Cl: 0.11-0.48), 0.22 at twelve months (4=12; 95% CI: 0.08-0.37), and 0.36 for outcome
time points beyond twelve months (k=5; 95% CI: 0.02-0.70). Since not all studies reported
outcomes at each time point, the number of studies varied by time point.
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Moderator Analyses for Medication Adherence Outcomes

Medication adherence effect sizes did not vary based on year of publication (3=-0.013,
p=0.13, k=38), mean age of the sample ($=0.013, p=0.32, k&=33), the percent of women in
the sample ($=0.004, p=0.28, k=31), the number of intervention sessions (=0.016, p=0.74,
k=9), the reported minutes per session (=-0.002, p=0.56, £=9), or the overall duration of
the intervention (B=0.000, p=0.94, £=9).

Subgroup analyses of intervention characteristics showed mixed findings (Supplementary
Table 2). Interventions that included medication education had a larger mean effect size
than did interventions without medication education (0.50 vs. 0.19, p = 0.02). However,
pharmacist-led interventions that included disease education had lower effect sizes than did
interventions without disease education (0.15 vs. 0.50, p <0.01). Effect size differences
were also found based on the location where interventions were delivered (p =0.01).
Interventions delivered in the home (0=0.48, k=7) or in multiple sites (¢=0.64, k=12) had
larger effect sizes than interventions delivered in the clinic (¢=0.20, k=8) or pharmacy
(6=0.13, A=7). The mean effect size of studies where the intervention was delivered at least
partly in a community pharmacy had smaller effect sizes than interventions not delivered in
a community pharmacy, such as in a hospital prior to discharge (0.20 vs. 0.49, p=0.02).
Significant differences were not found for the other intervention characteristics (e.g.,
medication counseling, medication calendars, patient self-monitoring of medication-taking,
medication regimen review, packaging interventions, dose modification).

We also examined effect sizes grouped by type of adherence outcome measure. Differences
were not statistically significant (o= 0.13), but objective measures had larger effect sizes
than did self-reported adherence measures. The four studies that used pharmacy refill data
had a mean effect size of 0.41, and the eight studies using pill counts had a mean effect size
of 0.89. The 19 studies using self-report measures had a mean effect size of 0.34. Only one
study used electronic monitoring, and one used a combination of measures.

Potential Biases

Only one risk of bias moderator was found to have significant differences in subgroups.
Studies that reported an ITT analysis had a lower effect size than did studies where an ITT
analysis was not used or where use of ITT was unclear (0.20 vs. 0.53, p=0.01). Statistics
for the other risk of bias moderator analyses are reported in Supplementary Table 3, and the
risk of bias ratings are reported in Supplementary Table 4. Pharmacist patient care services
intervention reporting (PaCIR) checklist ratings are reported in Supplementary Table 5.
The most frequently reported domains were patient/other data sources, environment, and
delivery of the intervention, with the patient population and frequency and duration of the
intervention being adequately reported less frequently.

While publication bias is more difficult to determine with smaller numbers of studies, we
detected likely publication bias from the funnel plot of the eligible studies (Supplementary
Figure 4). This was further confirmed statistically with an Egger’s test intercept of 2.22 (p <
0.01).

JAm Geriatr Soc. Author manuscript; available in PMC 2022 November 01.
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DISCUSSION

Across 40 randomized trials9-58, we found a beneficial effect of pharmacist-led
interventions to improve medication adherence in older adults, in the presence of high
heterogeneity and suggestion of publication bias. Excluding two outlier studies from the
analysis, the mean effect size reduced but remained beneficial. A sensitivity analysis of
medication adherence outcome by time point showed that the effect tended to decrease over
follow up time. Interventions including medication education had a larger effect size than
did interventions without medication education, and interventions delivered in the home

or across multiple sites had particularly large effect sizes. The type of adherence outcome
measure was not statistically significantly associated with effect size; however, studies using
an ITT analysis had a lower effect size than did studies without use of an ITT analysis.

In addition, pharmacist-led interventions had statistically significant beneficial effects on
quality of life and blood pressure values in older adults. Overall, our results add to a growing
literature on the positive impact of pharmacists on health outcomes.59-63

When implementing interventions, it is important to understand the components driving any
beneficial effect on health outcomes. A previous meta-analysis of interventions to improve
medication adherence in older adults showed larger effect sizes for interventions employing
special medication packaging, dose modification, patient self-monitoring of medication-
taking, and written instructions.®4 However, we did not find significant differences in

effect sizes from these intervention components in our review. It is important to note

that intervention content and behavior change mechanisms are often poorly described,

thus making it difficult to harmonize and analyze intervention moderators across studies.

In addition, moderator analyses only consider a single component at a time, and

beneficial effects of pharmacist-led interventions might come from a combination of
components. In fact, medication adherence experts emphasize the multifactorial nature

of medication non-adherence, calling for development and scaling of comprehensive
adherence-promoting programs.%5 Moreover, a recent Cochrane review found low-quality
evidence that pharmacist-led mixed educational and behavioral interventions may improve
medication adherence in older adults when measured dichotomously (n=8 studies) or
continuously (n=2 studies).56 Taken together, it is likely that medication education alone

is a necessary but not sufficient component to improve medication adherence in older adults.

Our main finding of a beneficial effect of pharmacist-led interventions on improving
medication adherence in older adults has potential policy implications. Despite
recommendations from public health experts that recognizing pharmacists as health care
providers would improve patient access and health outcomes in a cost-effective manner?,
Medicare does not recognize pharmacists as providers and thus does not reimburse

them for their work. As a result, individual states have varying approaches to allow

for direct reimbursement of pharmacist-provided health services.58 Establishing federal
statutory recognition of pharmacists as healthcare providers under Medicare Part B would
significantly improve older adults’” access to needed health care while incentivizing and
compensating the providers delivering the care.89 Pharmacists currently provide Medication
Therapy Management (MTM) services under Medicare Part D, but stand-alone prescription
drug plans do not have a strong incentive to invest in these services because they are not at

JAm Geriatr Soc. Author manuscript; available in PMC 2022 November 01.
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risk for medical costs (covered via Part B).”% Simply put, there is often a misalignment of
financial incentives between Medicare Part B and Part D policies, with pharmacists limited
in their potential clinical impact. The Part D Enhanced MTM model is testing whether
providing Part D sponsors with additional payment incentives and more regulatory flexibility
drives improvements in therapeutic outcomes with reduction in net Medicare expenditures.’!
Six Part D sponsors are participating in this five-year innovation program, with an end

date of December 31, 2021. This dual approach of lobbying for pharmacist provider status
under Medicare Part B and also testing novel models under Part D is promising to advance
pharmacy practice for healthcare delivery to older adults.

Our study has important limitations. First, due to the small number of comparisons

included in many moderator categories, robust associations between intervention moderators
and medication adherence outcomes were difficult to draw. Moderator analyses are only
exploratory, and should be considered hypothesis-generating, providing suggestions and
support for future studies. Second, risk of bias moderators show that results of medication
adherence interventions must be interpreted carefully, with attention to potential risks for
bias in each study. Third, high heterogeneity was detected, which is not surprising for

health behavior interventions. Fourth, we detected possible publication bias so results
should be interpreted in that context. Fifth, despite using rigorous searching and screening
methods, some eligible studies may have been missed. Sixth, we did not search for any
cost-effectiveness outcomes. Finally, our search strategy did not include persistence or
non-persistence. However, medication persistence is linked to the MeSH heading medication
adherence so that studies using medication persistence as an entry term would show up in
the search results for medication adherence.

In this systematic review and meta-analysis, we report that pharmacist-led interventions
were found to have a moderate beneficial effect on improving medication adherence in older
adults that tended to decrease over longer durations of follow up.

Interventions utilizing medication education and delivered in the patient’s home or across
multiple settings were found to be the most successful.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS
. Pharmacist-led interventions were found to improve medication adherence in
older adults.

WHY DOES THIS MATTER?

This research is important because reimbursement of pharmacist-led interventions would
facilitate the implementation of effective interventions to improve medication adherence
in older adults.
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Study name Statistics for each study Std diff in means and 95% CI
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Figure 2. Forest Plot of Medication Adherence Outcomes from Pharmacist-led Interventions
Abbreviations: CI: confidence interval; Std diff: standardized difference
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Study name Outcome
Bouvy (2003) MLHFQ

Cabezas (2006) EUROQOL
Cooney (2015) SF 12 PCS

Gwadry-Sridhar (2005) MLHFQ

Hanlon (1996)
Hunt (2008)

General health perception
Health-related quality of life

Khdour (2009) HRQoL

Nazareth (2001) General well-being
Schulz (2019) MLHFQ
Tommelein (2014) CAT Score

Varma (1999) MLHFQ

Statistics for each study

Std diff

in means
0.096
0.205
0.249
0.545
1.333
-0.333
0.200
0.153
0.306
0.000
0.637
0.295

Lower
limit
-0.378
-0.135
-0.077
0.200
1.000
-0.573
-0.129
-0.200
0.043
-0.149
0.062
0.042

Upper
limit
0.569
0.545
0.575
0.890
1.667

-0.094
0.529
0.507
0.569
0.149
1.212
0.547

p-Value

0.692
0.237
0.134
0.002
0.000
0.006
0.233
0.395
0.023
1.000
0.030
0.022

-2.00
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+

o
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Figure 3. Forest Plot of Quality of Life Outcomes from Pharmacist-led Interventions
Abbreviations: CAT: COPD Assessment Test; Cl: confidence interval; EUROQOL:

European Quality of Life scale; HRQoL.: health-related quality of life; MLHFQ: Minnesota
Living with Health Failure Questionnaire; SF 12 PCS: Short Form 12 physical component
score; Std diff: standardized difference
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Table 1.

Medication Adherence Outcomes and Secondary Outcomes

Comparisons k MeanES 95% ClI Q |2
Medication adherence, all eligible studies 40 57"  0.38,0.76 466.33™* 91.64
Medication adherence, outliers removed 38 (041  0.27,0.54 199.78** 81.48
Quality of life 11 029" 0.04,0.55 7718 87.04
Systolic blood pressure 8 0427 0.10,0.73 55407 87.36
Diastolic blood pressure 8 035" 0.03,0.68 61.24*** 8857
Mortality 9 0.79 0.61,1.01 11.32 29.30
Hospitalizations/readmissions 7 0.82 0.67,1.01 8.25 27.25

k= number of comparisons

ES = effect size (Cohen’s a] except for mortality and hospitalizations [relative risk])

@ = heterogeneity statistic (weighted squared deviations from summary effect)

2 = index of heterogeneity beyond within-study sampling error

*
p<.05,

Ak
p<.0L,

*AA

p<.001
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Table 2.
Adherence Outcomes by Time Point
Comparisons k d 95% ClI Q |2
Medication adherence, 3-month outcome 12 0.64™** 0.32,0.97 9314 88.19
Medication adherence, 6-month outcome 13  0.30™* 0.11,048 52.99™** 77.36
Medication adherence, 12-month outcome 12 g.22”*  0.08,0.37 22.15* 50.33
Medication adherence, beyond 12 months 5 036~ 0.02,0.70  42.92°** 90.68

k= number of comparisons

d = standardized mean difference effect size

ES = estimated mean of true effect sizes (¢'index)

@ = heterogeneity statistic (weighted squared deviations from summary effect)

2 = index of heterogeneity beyond within-study sampling error

*
p<.05,

p<.01,

HokA

p<.001
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